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1. Background

There is no doubt that chronic kidney disease (CKD),also known as chronic
kidney failure or insufficiency -often leading to a gradual and irreparable loss of
renal function- is a serious clinical condition that is considered as a worldwide
public health issue, in view of the increasing incidence and prevalence, poor
outcomes, and high cost. In fact, until a year ago, 10% of the global world
population was affected . And it is even taken as an epidemic in developed
nations, notably Australia and the United states®® where more than 20 millions of
people are concerned®.This social-scale-problem, imposes tremendous clinical and
psychosocial burdens, and begets fatal outcomes which include not only kidney
failure but also complications of decreased kidney function and cardiovascular
disease. Current evidence suggests that some of these adverse outcomes can be
prevented or delayed by early detection and treatment. Unfortunately, chronic
kidney disease is undertreated, particularly regarding the nutritional part of

management®).

2. Motivation

Patients with chronic kidney failure present a variety of metabolic and
nutritional abnormalities(®(©), and are particularly more vulnerable to malnutrition,
that arises from both pathophysiological (e.g. uremic toxicity, altered metabolism)
and iatrogenic (e.g. polypharmacy, the prescription of a low protein diets to slow
disease progression, disabilities and disease-related social issues ) causes. With the
start of dialysis, some of these abnormalities are improved, but others remain or
worsen(9) . Therefore, compromised nutritional status as a consequence of the

disease is considered to be one of the major treatment priorities for patients with

MISS.GHAZZALI SALMA 10
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established CKD, indeed dietary interventions, can slow down the progression of the
disease, alleviate symptoms(®1 and may also ameliorate disease complications such
as hyperkalemia, acidosis and sarcopenia®2. However, within such a chronic care,
enhancing or maintaining an appropriate nutritional status is not an easy target to
reach. In fact, as CKD progresses, disorders and symptoms accumulate and the
demands on the patient’s self-management increase, which affects patients
outcomes and daily life quality. At the same time the patient’s beliefs about his/her
illness, treatment and own control are considered to influence each other and the
patient's health behavior(13)(14),

Hence, considering the primordial role of nutrition therapy in prevention and
management Of CKD, and in view of the above-mentioned difficulties and
constraints, faced by both patients and healthcare providers when managing the
daily nutritional intakes of patients, there is a constant need for new better specific
tools to improve the individual ability to manage his/her dietary requirements, their
agreement on and adherence to treatment prescriptions. In reality, many
applications and services have been developed to feel that need, but none of them is
actually adapted to our Moroccan diet. A starting point for this thesis was the
creation of a Moroccan version of such applications, within a professional
perspective of patient education, and an interest in self-management when living

with CKD.

3. Contributions

The major contribution of this paper is that we build a personal dietary guide
application, which is usable on Android system and integrates 3G mobile phones
and smart home technologies, in order to facilitate the dietary management in

Moroccan CKD patients. The application has a rich database containing all the

MISS.GHAZZALI SALMA 11
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current and personalized dietary guidelines in matters of CKD, for both adults and
children, and offers an option to maintain the daily nutritional intakes in the
tolerated borders, without, however, limiting the patient's personal choices, and
while leaving a free space for other specific recommendations, that could be
advisable by nephrologists. The data provided on the application is suited to
Moroccan special dishes and eating habits. The application, not only assists with the
tasks of diet management, but also improves the medical observance, gives an
educational support, and helps patients to deal with their chronic condition by
taking full advantage of features in existing subsystems in smart home and related

cutting edge technologies.

4. Aims of the thesis :

4.1 Overall objective:

The overall purpose of this dissertation is to design and develop a mobile
self-management application for nutrition management in chronic kidney disease,
to use on Android operating system, in smart home devices. Which goes with the
current worldwide trends, since more than one third of about 1.4 billion smart

phone users in the world, have at least one medical application on their devices®5),

4.2 Specific objectives:

Several sub-objectives have motivated the project:

4.2.1 For patients with CKD:

1. To assist both affected adults and children, to self-manage their nutritional
status, easily, and keep away the need for patients’ family members,

friends and communities to involvement in the care activities.

MISS.GHAZZALI SALMA 12
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2.

Helping them to control their daily nutrients input and avoid excessive
intakes.

Allowing them to monitor how their nutritional status evolves, over the
previous days.

Giving them the opportunity to make free food choices, while respecting
their nutritional requirements.

Optimizing their daily food targets and avoid malnutrition.

Enhancing their treatment adherence and medical compliance.

Improve their education level in matter of CKD.

Instructing them how to deal with their disease and ameliorating their life

quality.

4.2.2 For the healthcare providers:

9. To facilitate the provision of healthcare, for Doctors & dietitians; with less

effort and less time.

10.To improve the safety and maximize the quality of care giving by

providing timely health information to professional healthcare providers.

11. To reduce the increasing burdens, challenges and shrinking professional

care giving force.

MISS.GHAZZALI SALMA 13
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The kidneys

The urinary system of the human body consists of two kidneys, two ureters,
the bladder and a single urethra (figurel).The kidneys are located retroperitonieally
inside the abdomen, and serve several essential regulatory roles, the most important

is being; the waste filtering and disposal system of the body(6).

Esophagus (cut)

Hepatic veins (cut) 0 .-.'I',q_ ‘a .

Inferior vena cava .

st gm &]n A

Renal artery

Renal hilum

Aorta Renal vein
Kidney
liac crest
Ureter
Rectum (cut) ‘ g— \

Literus (part of female
reproductive system)

Urinary
/ bladder

Urethra

Figurel: The urinary system. Anterior view of the female urinary organs(”). (Most

unrelated abdominal organs have been omitted.)
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1. Anatomy of the Kidney

1.1 External Anatomy:

1.1.1 Location:

The kidneys are a pair of organs that lie in a retroperitoneal position (between
the posterior muscular wall of the abdominal cavity and the parietal peritoneum), in
the superior lumbar region (Figure 2a). they Extend approximately from Ti2 to Lz,
and receive some protection from the lower part of the rib cage (Figure 2b). The

right kidney is crowded by the liver and lies slightly lower than the left one@7).
=

| ‘;_ =
k?;ﬁfx!

&

5
t

Peritanaum

| Supportive

tissue layers

= Renal fascia
anteriar

e L ? r * Fibrous
Body of - 1 ’ /;’ capsula
vertebra L, - | y
Body wall 3 y
Posteriar

(a)

Figure 2: Position of the kidneys against the posterior body wall. (a)Cross-section
viewed from inferior direction. Note the retroperitoneal position and the supportive
tissue layers of the kidney. (b)Posterior in situ view showing relationship of the

kidneys to the 12th rib pair @7),
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1.1.2 Description:

Grossly, the kidneys are bean-shaped structures with a lateral convex surface
and a medial concave surface that has a vertical cleft called the renal hilum, which
leads into an internal space within the kidney called the renal sinus, where the
ureter, renal blood vessels, lymphatics, and nerves all join each others, in each
kidney.@” A thin layer of fibrous connective tissue forms the renal capsule
surrounding each kidney. This renal capsule provides a stiff outer shell to maintain
the shape of the soft inner tissues.(18The kidney weigh about 150 g in the male and
about 135 g in the female. They are typically 10-12 cm in length, 5-7 cm in width,

and 2-3 cm in thickness.(19)(Figure 3)

Superior extremity

Fibrous capsule fout
and peeled back)

Lateral margin

Hilus

Renal artery

Renal wein

Stellate weins visible
through capsule

Inferior extremity

Figure 3: Gross Anatomy of the kidney(29

MISS.GHAZZALI SALMA 17
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1.2 Internal Anatomy:

U macroscopic structure:

Viewed internally, The kidney is divided into the cortex and medulla. Seven
cone-shaped tissue masses, called renal pyramids, form the medullary area and are
separated by the cortical tissue called renal columns (of Bertin). The renal pyramids
are aligned with their bases facing outward toward the renal cortex and their apexes
point inward toward the center of the kidney. Each apex connects to a minor calyx, a
small hollow tube that collects urine. The minor calyces merge to form 3 larger
major calyces, which further merge to form the hollow renal pelvis at the center of
the kidney. The renal pelvis exits the kidney at the renal hilus, where urine drains

into the ureter8) (Figure 4)
|
|
|

Renal cortex

Renal medulla

(a) Photograph of right kidney, frontal section (b) Diagrammatic view

Figure4 : Internal anatomy of the kidney. Frontal sections (7).

MISS.GHAZZALI SALMA 18
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U microscopic structure:

The renal medullary pyramids contain microscopic coiled tubes -called
nephrons(figure 5); the kidneys’s microscopic functional units that filter blood to
produce urine. Each kidney contains around 1 million individual nephrons. Each
nephron is made of 3 main parts:

@ the renal corpuscle(Figures 5, 6);responsible for filtering the blood. It is
formed by the capillaries of the glomerulus surrounded by the glomerular
capsule (also known as Bowman’s capsule).The glomerulus is a bundled
network of capillaries that increases the surface area of blood in contact the
blood vessel walls, the vascular network is formed by an afferent arteriole and
an efferent. While the glomerular capsule, is a cup-shaped double layer of
simple squamous epithelium with a hollow space between the layers. It
presents special epithelium cells known as podocytes and which form a thin
filter to separate urine from blood passing through the glomerulus.

@ The renal tubule(Figures 5, 6);a series of tubes that concentrate urine, recover
non-waste solutes from it, and carry it from the glomerular capsule to the
renal pelvis. The renal tubule presents the following sections:

A curvy first section, known as the proximal convoluted tubule, whose cells

reabsorb much of the water and nutrients initially filtered into the urine.

The loop of Henle, a long straight tubule that carries urine into the renal

medulla before making a hairpin turn and returning to the renal cortex

Following the loop of Henle is the distal convoluted tubule.

The collecting duct, which carries the concentrated urine through the renal

medulla and into the renal pelvis(l8),

@ The juxtaglomerular apparatus; Located next to the glomerulus. It is found

between where blood enters a renal corpuscle and the distal convoluted tubule

MISS.GHAZZALI SALMA 19
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of the same nephron. This location is critical to its function in regulating renal

blood flow and glomerular filtration rate, The juxtaglomerular apparatus

consists of three cell types : the macula densa, a part of the distal convoluted

tubule of the same nephron, juxtaglomerular cells, which secrete renin, and

extraglomerular mesangial cells.@D(Figure 7)

Renal cortex

Renal pelvis

Proximal
convaluted
tubule

Thick segment

LY

Glomerular capsule: parietal layer

= Basemeant
\ membrana

e
e Podocyte

\1‘ G
Fenestrated andothelium
h"- of the glomenubis

Glomerular capsule: visceral layer

Mitochondria

{Micn:wlﬂl 2

rr* vf
m m;w@z

ngh!y infolded plasma meambransa
Proximal convoluted tubule cells

-ll":l:'ll'l 1]
A

Thin segment

Loop of Hanle L
= Descanding imb ——
= Ascanding Bmb -

W
Q'H" * hlﬂ"' ’ wﬂ& ﬂ-l.‘,jp

Distal convoluted tubule cells

Loop of Henle (thin-segment) cells

}Ir—l'—"fmlpal o:’II{/—-imsrcalateu cell
Pt Ty Vo o .

Collecting duct cells

Figure 5 : Location and structure of nephrons. Schematic view of a nephron

depicting®? and the structural characteristics of epithelial cells forming its various
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Cortical nephron
* Has short loop of Hende and glomarulus
further from the corticomedullary junction

+ Efferent arteriole supplies peritubular capillaries
|

Juxtamedull

ary nephron

|

* Has long loop of Henle and glomerules
closer to the corticomedullary junction

= Effierent arteriole supplies vasa recta

Renal Glomarular Efferant l'
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;=

—-

.

(a)Arrows indicate direction of blood flow. Capillary beds from J

Figure 6(7: Blood vessels of cortical and juxtamedullary nephrons.
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adjacent nephrons (not shown) overlap®”. (b)Scanning electron §

micrograph of a cast of blood vessels associated with nephrons

(60x). View looking down onto the cortex.
SOURCE: (b) Kessel and Kardon/Visuals Unlimited
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Figure 747 Juxtaglomerular apparatus (JGA) of a nephron. Mesangial cells that surround the

glomerular capillaries (glomerular mesangial cells) are not part of the JGA
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1.3 Blood supply :

The renal arteries branch directly from the abdominal aorta and enter the
kidneys through the renal hilus.

Inside our kidneys, the renal arteries diverge into the smaller afferent
arterioles of the kidneys.

Each afferent arteriole carries blood into the renal cortex, where it separates
into a bundle of capillaries known as a glomerulus.

From the glomerulus, the blood recollects into smaller efferent arterioles that
descend into the renal medulla.

The efferent arterioles separate into the peritubular capillaries that surround
the renal tubules.

Next, the peritubular capillaries merge to form veins that merge again to form
the large renal vein.

Finally, the renal vein exits the kidney and joins with the inferior vena cava,

which carries blood back to the heart(@8).(Figure 8)
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2.Physioloqgy of the Kidney:as)

The kidneys perform several functions, that can be classified into 2
distinguished types :

2.1 exocrine functions :

@ Excretion of Wastes:

The primary function of the kidneys is the excretion of waste products
resulting from protein metabolism and muscle contraction. Notably the toxic
ammonia, uric acid and urea, that come from the dietary proteins metoblized by the
liver. The same applies to creatinine, produced in the process of muscle-use of the
creatine as an energy. All these harmful substances accumulate in the body over
time and need to be removed from circulation to maintain homeostasis.

@ Filtration, Reabsorption, and Secretion :

The kidneys filter blood as it passes through the capillaries that form the
glomerulus. The crossing of blood cells and plasma through the lining of the
capillaries, is conditioned by the blood pressure which forces most of the
blood plasma through the lining, and the size of blood cells. The filtered
plasma, now known as tubular fluid, begins to flow out of the glomerular
capsule and into the proximal convoluted tubule.

At the same time, the concentrated blood that remains inside the capillaries of

the glomerulus moves into the efferent arterioles and on to the peritubular

capillaries surrounding the proximal convoluted tubule, where glucose, amino
acids ,ions and any remaining waste products, will reabsorbed back into the
blood.

From the proximal convoluted tubule, the tubular fluid next enters the loop of

Henle, where water and ions are reabsorbed. The exchanges at this level are

ensured by osmotic pressure between the hypotonic filtrate and hypertonic
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medullary cells, that pushes water out of the filtrate and into the cells, and

then into the blood.

Filtrate next passes through the ascending limb of the loop of Henle, where

tissues are not permeable to water but are permeable to ions. The filtrate is

very concentrated after passing through the descending limb, so ions easily
diffuse out of the filtrate and are returned to the blood flowing through
nearby capillaries.

Tubular fluid exiting the loop of Henle next passes through the distal

convoluted tubule and the collecting duct of the nephron. These tubules

continue to reabsorb small amounts of water and ions that are still left in the
filtrate. Meanwhile, They actively absorb excess potassium and hydrogen ions,
and secrete them into the filtrate.

When filtrate reaches the end of the collecting duct, almost all of the valuable

nutrients, ions, and water have been returned to the blood supply, while waste

products and a small amount of water are left to form urine. The urine exits
the collecting duct and joins with urine from other collecting ducts in the renal
pelvis.

@ Water homeostasis:

The kidneys are able to control the volume of water in the body by changing
the reabsorption of water by the tubules of the nephron. Under normal conditions,
the tubule cells of the nephron tubules reabsorb (via osmosis) nearly all of the water
that is filtered into urine by the glomerulus.

@ Acid/base homeostasis:

The kidneys regulate the pH level of the blood by controlling the excretion of

hydrogen ions (H+) and bicarbonate ions (HCO3-). Both ions are filtered out of the

blood in the glomerulus of the kidney, but the tubule cells lining the nephron
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selectively reabsorb bicarbonate ions while leaving hydrogen ions as a waste product
in urine. The tubule cells may also actively secrete additional hydrogen ions into the
urine when the blood becomes extremely acidic.
@ Electrolyte homeostasis :
The kidneys maintain the homeostasis of important electrolytes by controlling
their excretion into urine :

Sodium(Na+) :Over 99% of the sodium ions passing through the kidneys are

reabsorbed into the blood from tubular filtrate, especially in the proximal
convoluted tubule and ascending loop of Henle.

Potassium (K+) :Unlike sodium, only about 60 to 80% of the potassium ions

passing through the kidneys are reabsorbed. Most of the reabsorption of
potassium occurs in the proximal convoluted tubule and ascending loop of
Henle.

Chloride (Cl-) :The proximal convoluted tubule and ascending loop of Henle

reabsorb about 90% of the chloride ions filtered by the kidneys.

Calcium (Ca2+) :The proximal convoluted tubule and the ascending loop of

Henle reabsorb most of the calcium in tubular filtrate into the blood.
Parathyroid hormone increases the reabsorption of calcium in the kidneys
when blood calcium levels become too low.

Magnesium (Mg2+) :The proximal convoluted tubule and loop of Henle

reabsorb most of the magnesium that passes through the kidney.
@ Blood pressure homeostasis:
The kidneys help to control blood pressure in the body by regulating the
excretion of sodium ions and water and by producing the enzyme renin (endocrine

function). The kidneys are able to control blood pressure by either reabsorbing
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water to maintain blood pressure or by allowing more water than usual to be

excreted into urine and thus reduce blood volume and pressure.

2.2 Endocrine functions:

The kidneys maintain a small but important endocrine function by producing
the hormones calcitriol and erythropoietin:

@ Renin , a hormone that it exclusively synthesized by the kidney, it allows the
produce of angiotensin Il from angiotensinogen and aldosterone, hormones
that are involved in the regulation of the pressure blood.

@ Erythropoietin (EPO), a hormone produced by cells of the peritubular
capillaries in response to hypoxia. EPO stimulates the cells of red bone
marrow to increase their output of red blood cells, but Once oxygen levels
return to normal, the cells of the peritubular capillaries stop producing EPO.

@ Calcitriol , the active form of vitamin D in the body. Tubule cells of the
proximal convoluted tubule produce calcitriol from inactive vitamin D
molecules. At that point, calcitriol travels from the kidneys through the
bloodstream to the intestines, where it increases the absorption of calcium

from food in the intestinal lumen.
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Chronic kidney disease:

1. Definition & Staqing:

U In the United States, the national kidney foundation (NKF-KDOQI) guidelines,
defines CKD as<<either a state of kidney damage or a GFR
<60mL/min/1.73m2 for more than 3 months, and kidney damage is defined
as pathologic abnormalities or markers of damage, including abnormalities in
blood or urine tests or imaging studies22(@3>> Tables 1 summaries the
classification and treatment goals for the 5 stages of CKD according to
KDOQI guidelines. The higher CKD stage, the more severe the renal
insufficiency.

U While, in France, the National Agency for Accreditation and Health care
evaluation (ANAES), specifies 2 separated entities(24)(25) :

The chronic kidney failure, that indicates a permanent and progressive
reduction of the glomerular filtration rate (GFR)below 60mL/min/1.73mz2 for
over a period of 3 months, with or without kidney damage markers. In table 2
, the different stages of CKD and levels of kidney function are described.
The chronic kidney disease, in which GFR is greater than 60ml /min/1.73m2
while the markers of damage are present for more than 3 months..
U In both definitions, CKD has to be distinguished from acute renal failure (ARF),
where GFR decreases transitorily and is reversible at most of the time.
U In the course of CKD, the permanent, and slow deterioration of the kidneys
function, is actually related to an irreversible loss of significant number of

functional nephrons. In fact, chronic kidney failure signify that at least the half
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kidney’s nephrons are no longer functional, and by the end-stage-renal-
disease (ESRD),the kidney have only10% of functional nephrons(26),

U CKD still a long silent and crippling disease, characterized by a progressive
course of worsening renal function eventually leading to end-stage renal
disease (ESRD), which requires renal replacement therapy (RRT) by means of

dialysis or kidney transplantation.

Table 1 : CKD stages according to NKD-KDOQI guidelines.(22)(23)

Stage | GFR Description Treatment goal
(mL/min/1.73m?
1 290 Renal damage with | Diagnosis, treatment of co-
normal or T GFR morbid conditions, slowing
progression, cardiovascular
disease risk reduction
2 60-89 Renal damage with | Estimate progression
mild | GFR
3 30-59 Moderate L GFR Evaluate and treat
complications
4 1529 Severe 4 GFR Preparation for renal
replacement therapy
5 <15 (+ dialysis) Renal failure Renal replacement therapy
(dialysis) if uraemia present

Table 2 : CKD stages according to the national agency of accreditation and health care evaluation,

guidelines.(@5)

Stage GFR description

Chronic kidney disease with

1 DFG>60 ml/min

a GFR>60mI/min

2 30=DFG<59 ml/min Moderate CKD
3 15=DFG<29 ml/min Severe CKD
4 DFG<15 ml/min ESRD
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2. Epidemioloqgy :

2.1 Descriptive epidemiology:

a) World global facts :

U It is estimated that 10% of the population worldwide is affected by chronic
kidney disease, and In people aged 65 through 74 worldwide, one in five
men, and one in four women, have CKD. 27

U According the 2010 Global Burden of Disease study, chronic kidney disease
was ranked 18t in the list of causes of total number of deaths worldwide,
while it was ranked as the 27th in 1990 28),

U Chronic kidney disease is a worldwide health crisis. For example, in the year
2005, there were approximately 35 million deaths worldwide, attributed to
chronic disease, according to the World Health Organization. (29

U Over 2 million people worldwide currently receive treatment with dialysis or a
kidney transplant to stay alive, yet this number may only represent 10% of
people who actually need treatment to live.(0)

U Of the 2 million people who receive treatment for kidney failure, the majority
are treated in only five countries — the United States, Japan, Germany, Brazil,
and lItaly. These five countries represent only 12% of the world population.
Only 20% are treated in about 100 developing countries that make up over
50% of the world population.9)

U In middle-income countries, over 1 million people die annually from untreated
kidney failure(30),

b) Moroccan facts:

U According to 2012 KDIGO guidelines, prevalence of CKD in Morocco was

estimated to be 5.1%.The distribution over KDIGO stages was the following :
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CKD1: 17.8%; CKD2: 17.2%; CKD3: 52.5% (3A: 40.2%; 3B: 12.3%); CKD4: 4.4%;
CKD5: 7.2%.31)

U The same prevalence (5.1%) was brought out in MAREMAR cross-sectional
study, that was based on stratified random sample of the adult population of
two Moroccan towns (El jadida and Khemisset). 32)

U Only about 250 patients have a kidney transplant in Morocco ©33).

U According to Pr. Driss Zaid, previous president of the Moroccan Society of
Nephrology, the estimated cases of ESRD in Morocco are 100 to 120 people on
1 million. And about 3,000 reported cases of ESRD are still waiting for dialysis
each year.(33)

U Unlike the worldwide facts tendency, CKD in morocco is 2 to 3 times more
common in men than women. (33)

c) Other countries:

U The prevalence of CKD in general population in the US and in Europe is about
10% of adults (4G5, The prevalence of early stages of the CKD disease
(CKD1-4, 3.3%, 3.0%, 4.3% and 0.2% respectively) is 100 times higher than the
prevalence of end-stage kidney disease (G5 0.1%) (36).

U In the US, treatment of chronic kidney disease is likely to exceed $48 billion
per year. Treatment for kidney failure consumes 6.7% of the total Medicare
budget to care for less than 1% of the covered population (27),

U In China, the economy will lose US$558 billion over the next decade due to
effects on death and disability attributable to heart disease and kidney
disease.@?

U In England, according to a recent report published by NHS Kidney Care,
chronic kidney disease costs more than breast, lung, colon and skin cancer

combined.2?
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U In Australia, treatment for all current and new cases of kidney failure through

2020 will cost an estimated $12 billion. 27)

2.2 Analvytical epidemioloqgy:

@ CKD risk factors :(37)(38)(39)

CKD risk factors are incriminated not only in the development of the
disease its self, but also in the progression of renal impairment and the
development of complications, reason why they are the first target of CKD
treatment. Their prevalence and severity increase as long as kidney function
declines. CKD risk factors are considered as being also the causes of
chronic renal failure, they can be divided into traditional risk factors and
non-traditional risk factors.

Traditional risk factors (tables 3a-3b), are risk factors that have been
defined and validated in prospective studies in the general population, the
most incriminated ones are:

§ Diabetes : Considered as the most common risk factor of CKD, in fact,
the high blood sugar in patients with diabetes may damage the blood
vessels in kidney’s nephrons or glomerulus, then leads to renal
insufficiency.

8 High blood pressure (HBP) : there is a strong relationship between HBP
and CKD development, since it is responsible of kidney failure at 25% of
patients with HBP, In fact, hypertension may damages, the small blood
vessels of renal tubule, leading to a quick deterioration of nephrons
and hence to failure. Medical treatment, a proper diet, weight control
and physical exercise, still the best means for HBP prevention, in in

order to preserve kidneys in healthy status
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Non-traditional

consequence of

impaired renal

risk factors (Table 4),

are those that occur

function (e.g anemia,

cardiovascular

diseases..), or others, such as infection, inflammation, genetic factors...

the course of CKD.

Table 3 a : Traditional risk factors of CKD and cardiovascular disease in

Risk factors Chronic kidney disease Cardiovascular Mortality

development of | _progression fce

(development of)

Increased in age + unconfirmed + +
Ethnicity (Australian aboriginal/ + unconfirmed + +
African American)
Exposure to nephrotoxic drugs / + + Mot established Mot established
chemicals
Cardiovascular disease/ left + unconfirmed nfa +
ventricular hypertrophy
Diabetes mellitus (ghycaemic + + + +
control)
Dyslipidaemia — T LDL cholesteral unconfirmed unconfirmed + +
Dyslipidaemia — L HDL cholesterol unconfirmed unconfirmed + +
Dyslipidaemia — T triglycerides unconfirmed unconfirmed + +
Family history of heart disease Mot established | Mot established % unconfirmed
Family history of kidney disease + + Mot established unconfirmed
Gender (male) + + + unconfirmed
History of acute kidney injury {AKIl) + + Mot established Mot established
Hypertension + + + +
Kidney/urinary tract stones unconfirmed unconfirmed Mot established Mot established
Menopause Mot established | Mot established + Mot established
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table 3 b (continued) :Traditional risk factors of CKD and cardiovascular disease in

the course of CKD.(Following)

Metabalic syndrome (MetS) + unconfirmed + unconfirmed
Nephron mass (low), .g., low birth + + Mot established Mot established
weight, nephrectomy

Obesity + + + +
Physical inactivity + unconfirmed + Mot established
Proteinura/Albuminuria + + + +
Psychosocial stress/ disadvantages + unconfirmed + Not established
Smoking + + i +
Urinary tract infection + + Not established Mot established
Urinary tract obstruction + + Not established Mot established

Table 4 : Non-traditional risk factors of CKD and cardiovascular disease in the

course of CKD.

Risk factors CKD Cardiovascular Monrtality
progression disease
Risk factors
altered by CKD
- S-albumin unconfirmed unconfirmed +
Anaemia + + +
Bone mineral disorders/ T calcium x + + +
phosphate products
Cardiovascular disease + nia +
CHKD, 1 GFR/ stage CKD nla + +
Dyslipidaemia — T LDL cholesterol, 4 unconfirmed + 4
HDL cholesterol and T triglycarides
Electrolyte imbalance + + unconfirmed
Family history of CKD + Mot established unconfirmed
T Homocysteine unconfimed unconfirmed unconfirmed
Inflammation/ infection + + unconfimmed
Malnutrition/ protein and energy unconfimed + unconfirmed
wasting (PEW)
Oxidative stress unconfirmed + unconfirmed
Proteinurial albuminuria + + unconfirmed
T Renin-angiotensin system activity + + unconfirmed
Thrombogenic factors unconfirmed + unconfirmed
Uraemic toxicity + Mot established unconfirmed
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3. Assessment of Kidney Function :

Accurate estimation of kidney function is central to the detection,
evaluation, and treatment of chronic kidney disease (CKD). Glomerular filtration rate
(GFR) is widely accepted as the best overall measure of kidney function and as such
it forms the basis of definition and classification system for CKD. GFR cannot be
measured directly in clinical practice and multiple methods are used to estimate
GFR, all of which have their strengths and limitations. The current recommended
method is to use estimating equations based on serum creatinine and which

incorporate demographic and clinical variables“0),

3.1markers of renal function tests:

The markers of renal function test assess the normal functioning of kidneys.
These markers may be radioactive and non radioactive. They indicate the glomerular
filtration rate, concentrating and diluting capacity of kidneys (tubular function). If
there is an increase or decrease in the valves of these markers it indicates
dysfunction of kidney®“1).

Creatinine, urea, uric acid and electrolytes are makers for routine analysis
whereas several studies have confirmed and consolidated the usefulness of markers
such as cystatin C and B-Trace Protein®“d),

1. Creatinine:

A breakdown product of creatine phosphate in muscle“2. Commonly used as
measure of kidney function. The normal creatinine clearence test valve is 110-
150mI/min in male and in female it is 100-130mI/min“3), The National Kidney
Disease Education Program recommends calculating glomerular filtration rate from

serum creatinine concentration“4). The diagnosis of renal failure is usually suspected
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when serum creatinine is greater than the upper limit of the “normal” interval.
However, an increased tubular secretion of creatinine in some patients could give
false negative value, since creatinine may be influenced by muscles function,
muscles composition, activity, diet5“6), and many other illness such as, muscular
dystrophy paralysis, anemia, leukemia and hyperthyroidism.“7)

2. Urea:

Major nitrogenous end product of protein and amino acid catabolism.“3) It is
useful in differential diagnosis of acute renal failure and pre renal condition where
blood urea nitrogen-creatinine ratio is increased®8. Urea clearance is a poor
indicator of glomerular filtration rate as its overproduction rate depends on several
non renal factors, including diet and urea cycle enzymes.(49)

3. Cystatin C:

The protease inhibitor Cystatin C is a non-glycosylated low molecular weight
protein, that has been, recently, proposed asa marker of glomerular filtration rate,
that is superior to serum creatinine®9), it was also found to be an effective marker
for GFR in patients with cirrhosis following liver transplantation(®1)(52), Cystatin C has
been found more useful for detecting early renal impairment in both type 1 and type
2 diabetic patients.(53) . Moreover Cystatin C was also found to be associated with
mild kidney dysfunction with increased risk for cardiovascular events, peripheral
arterial disease and heart failure.(54)

4. B -Trace Protein (BTP) :

B-Trace Protein is a low-molecular weight glycoprotein, which has been
reported to be a better indicator of reduced glomerular filtration rate than serum
creatinine. 5)(56) Serum B -Trace Protein has been found to be elevated in patients
with renal diseases.5?) However, when compared, Cystatin C is still a better indicator

than Serum B-Trace Protein(8),
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5. Inulin :

Fructose polymer inulin (MW 5kDa) satisfies the criteria as an ideal marker of

glomerular filtration rate. Rapid measurement of glomerular filtration rate by an

inulin single-bolus technique would be practically useful. (59

3.2Glomerular filtration rate (GFR):

i

The GFR is the volume of fluid filtered from the renal glomerular capillaries
into the Bowman's capsule per unit time €9, namely, it is the product of the
filtration rate in single nephrons and the number of nephrons in both kidneys.
Thus, Reductions in GFR can be caused by either a decline in nephron number
(as in CKD) or by a decline in single nephron GFR, which is due to physiologic
or pharmacologic factors causing hemodynamic alterations in glomerular
filtration .

An increase in single nephron GFR caused by increased glomerular capillary
pressure or glomerular hypertrophy can compensate for a decrease in
nephron number, and the level of GFR may not reflect the loss of nephrons.
That is to say, that substantial kidney damage may be present before GFR
declines.“0)

In adults, the normal GFR number is more than 90. GFR declines with age,
even in people without kidney disease. (See the table 3 below for average
estimated GFR based on age).

Different formulas have been proposed for GFR estimation, the most useful

ones in practice, are the following :
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v Cockcroft and Gault Formula : (61)(62)

(140 - Age) x Mass (in kilograms) x Constant
8.8 x Serum Creatinine (in mg/dL)

eCey =

Constant = 1.04 if Female / 1.23 if Male

v Modification of diet in renal disease (MDRD) (63)

e(IFR = 186 x Serum Creatinine ™™ x Age™"™" x

1210 if Black] x [0.742 1 Female]

v Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) Formula64

¢GFR = 141 % min(SCr/k.1)° x max(SCr/k 1) ™" x 0993 x [1.018 if Female]  [1.159 if Black

Where SCr is serum creatinine (mg/dL), k is 0.7 for females and 0.9 for
males.

a is -0.329 for females and -0.411 for males.

min indicates the minimum of SCr/k or 1

max indicates the maximum of SCr/k or 1

v Schwartz formula for children: (65)(66)67)

k x Height

Serum Creatinine

eGFR =

The constant k vary according to the child’s mass :

K=26if Mass < 2 kg

k =29 if 2kg < Mass < 3kg

K=35if 5kg < Mass < 12kg

K =49 if girl with a body mass > 12kg or boy 12kg < Mass < 42kg

K =53 if boy with a body mass > 42kg
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Table 5 : Estimated GFR values based on age, according to national kidney foundation (68),

Age {(years) Average estimated GFR

20-29 116
20-29 107
40-49 99
20-529 93
a0-a9 85
F0+ 75

4.Causes of CKD :

U Many causes of CKD exist, but the most prevalent causes include
hypertension, diabetes, glomerulonephritis and urinary tract obstructions(69),
U Historically, kidney disease has been classified according to the part of the
kidney anatomy involved(0) :
Vascular disease includes large vessel disease such as bilateral renal artery
stenosis and small vessel disease such as ischemic nephropathy,
hemolytic-uremic syndrome, and vasculitis.
Glomerular disease comprises a diverse group and is classified into:
o Primary glomerular disease such as focal segmental glomerulosclerosis
and IgA nephropathy (or nephritis)
o Secondary glomerular disease such as diabetic nephropathy and lupus
nephritis

Congenital disease such as polycystic kidney disease.
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Tubulointerstitial disease includes drug- and toxin-induced chronic
tubulointerstitial nephritis, and reflux nephropathy.

Obstructive nephropathy is exemplified by bilateral kidney stones and
diseases of the prostate.

On rare cases, pinworms infecting the kidney can also cause nephropathy

5.pathogenisis of CKD :

U Once half of the total nephrons are lost, CKD progresses similarly regardless
of etiology. Indeed, initial hyperfiltration activates Renin angiotensin
aldosterona system (RAAS) and causes proteinuria. Angiotensine Il and protein
uptake at the tubules causes inflammation and fibrosis of the glomerulus and
tubules. Progressive decline in the GFR and systemic complications occurs(71 -

76), (Figure 9)
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Figure 9 :Pathogenisis of chronic kidney disease.

FSGS: Focal segmental glomerulosclerosis

SNGFR :Single nephron GFR
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5.1Hypertension:y

Glomerular and vascular changes:
o Elevated systemic blood pressures cause a hypertrophic response leading to
intimal thickening of the large and the small vasculature.
o The mechanisms are compensatory at first, but later lead to glomerular
damage
§ Global sclerosis — ischemic injury to the nephrons causes death
§ Focal segmental sclerosis — glomerular enlargement for compensation of
the loss of nephrons in other areas of the kidney.
Interstitialnephritis:
o The vascular and glomerular disease lead to tubular atrophy and an intense
chronic interstitial nephritis
§ The intense chronic interstitial nephritis is thought be secondary to
immunologic processes against ischemia-mediated antigen changes on
the tubular epithelial cell surface.
Chronically these changes lead to tubular and glomerular loss causing nephrons
loss.
o With the death of some nephrons, less are available to maintain the GFR.

o Gradual decline in the GFR is noticed as the nephrons continue to die.

5.2 Diabetes — diabetic nephropathy: (723

Chronic hyperglycemia is thought to be the primary cause of diabetic
nephropathy.
o Unlike other tissues of the body, transmembrane glucose transporters (GLUT)

receptors do not facilitate intracellular glucose transport in the kidneys.
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o This effect is mediated via a number of mechanisms including (i) glomerular
hyperfiltration, (ii) direct effects of hyperglycemia, and (iii) advanced
glycosylation end products (AGE), and (iv) cytokine secretion.

Glomerular hyperfiltration:

o Glomerular hyperfiltration is mediated mainly via dilatation the afferent
arteriole leading to a rise in the GFR and the renal blood flow.

o This dilatation of the afferent arteriole is mediated by a number of
mechanisms in diabetic nephropathy:

§ Hyperglycemia and high insulin-like growth factor-1 (IGF-1)
concentrations (observed in diabetic patients) — both are hypothesized to
cause a rise in the GFR increasing renal flow

§ Hyperfiltration of glucose leads to augmented sodium-glucose transport in
the proximal convoluted tubule causing enhanced sodium transport
§ Cause expansion of blood volume which leads to a rise in GFR
§ The rise in proximal reabsorption also leads to a reduced distal fluid

delivery which activates the tubuloglomerular feedback with the renin-
angiotensin system which works to raise the GFR as well.

Hyperglycemia and AGE:

o Hyperglycemia and AGE directly induce mesangial matrix production, cellular
expansion and apoptosis.

o The two have also been shown to increase basement membrane permeability
to albumin.

Cytokines:

o Elevations in vascular endothelial growth factor (VEGF), transforming growth
factor beta (TFG-B), and profibrotic proteins increase damage to the nephrons

at different levels; specific mechanisms are unclear. (figure 10)
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5.3Glomerulonephritis: (74)(75)(76)

Glomerular injury takes place via inflammatory as well as non-inflammatory

mechanisms in different types of glomerulonephritis.

Non-inflammatory in jury:

o Common examples of this include the podocytopathies; minimal change
nephrotic syndrome/focal segmental glomerulo sclerosis (MCNS/FSGS) and
membranous nephropathy(MN)

§ A dramatic rise in the glomerular permeability without any evidence of
inflammation on light microscopy.

§ Several cytokines such as IL-13 and members of the complement system
C3, C5b-9 lead to glomerular basement membrane thickening, as well as
podocyte damage, apoptosis, detachment and excretion in the urine. This
induces glomerularsclerosis.

Inflammatory injury:

o Common examples include post streptococcal glomerulonephritis (GN)
membrano proliferative GN, Henoch-Schénlein purpura (HSP), systemic lupus
erythematosus (SLE), some forms of rapidly progressive glomerulonephritis
(RPGN), IgA nephropathy, hemolytic uremic syndrome (HUS) and various
vasculitides.

o This inflammatory injury has been found to be mediated by a number of
mechanisms:

§ Some members of the complement system such as C5a have been
implicated in inflammatory injury via inducing antibody deposition and
activation and recruitment of polymorphonuclear cells (PMNSs); neutrophil,

macrophage/monocyte, platelets and T-cells.
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§ These cells produce oxidants and proteases that cause fibrin deposition,
capillary wall damage and produce proteinuria.

§ Unlike podocyte targeting in non-inflammatory injury, disorders in which
glomerular endothelial and mesangial cells are principally involved exhibit
a more dramatic response to immune injury. This response is usually
characterized by cell proliferation and phenotype change, as well as readily

visible structural changes in the renal biopsy.

6. CKD diagnhosis :

6.1 Clinical features:

Clinically, chronic kidney disease remains asymptomatic for a long time before
getting discovered. In fact, it may be discovered during a routine health checkup,
when a complication is developed, during the follow-up of a nephropathy or a
systemic disease such as diabetes, or when these CKD related symptoms are
present, they are actually multiple and variable from one individual to another :

- General signs: asthenia, anorexia..

- Renal signs: eodema, micturition disorder

- Central or peripheral neurologic symptoms

- Gastrointestinal manifestations: nausea, vomiting

- Cardiovascular events: hypertension, pericarditis

- Hematological manifestations: anemia, bleeding disorders

- Endocrine and systemic manifestations: hormonal disorders,
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The clinical triad
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Figure 11: Clinical features of CKD

6.2 Work-up:

@ To confirm diagnosis:(?)

In order to confirm the CKD diagnosis, we need to :

U Order a first Serum creatinine determination, which should be elevated.

U Estimate the creatinine clearance and calculating the GFR , often using the
Cockcroft-Gault formula. A lowered value of GFR less than 60mL/min should
be found out.

U Look for creatinine variation factors, since it may be influenced in
unpredictable ways by assay techniques, endogenous and exogenous
substances, renal tubular handling of creatinine, and other factors (age, sex,

body weight, muscle mass, diet, drugs).
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U A second serum creatinine determination is usually recommended (preferably

in the same Lab), and hence a second determination of GFR.

@ To confirm chronicity:(78

The chronicity of renal failure is defined by a decreased kidney function for
over 3 months; where many blood disorders and morphologic abnormalities are
already developed:

U Normochromic normocytic anemia with a hemoglobin < 12g/dL .

U Hypocalcemia, due to active vitamin D deficiency related to absence of renal
hydroxylation in alpha-1 position.

U Decrease in kidney size (largeaxis <10 cm on ultrasound or <3 vertebrae on
an abdominal X-ray, a CT scan or MRI. However, this criterion is not always
found out, since kidney size can be maintained or even increased in some
medical conditions : amyloidosis, diabetes, polycystic kidney disease...

@ To seek for an etioloqgy:

a. Diabetic nephropathy : (79)

U Diabetic nephropathy is a serious complication of diabetes mellitus.
It usually occurs after about 20 years of type 1 diabetes development, but only
20-30% of patients have nephropathy. This suggests that exposure to chronic
hyperglycemia is a necessary but not sufficient condition to develop this
complication, and so there’s likely a predisposing genetic factors (familial
history of hypertension..).
U The diagnosis of incipient nephropathy, is based on finding out an
abnormal albumin excretion, that is >30 but<300 mg / 24h in two

determination, on 3 samples. The clinical stage of nephropathy is
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defined by a proteinuria> 300 mg / 24h, which is associated with a
decreased glomerular filtration rate and high blood pressure.

b). Vascular nephropathies :

U Over the past 3 decades, the prevalence of vascular nephropathies, as
an underlying cause of CKD, has increased. Two major vascular damage
are distinguished: (80

o Atherosclerotic renal artery stenosis: they are frequent, often bilateral
and had a progressive course.81)They are also considered as a particular
risk group in atherosclerotic patients. On the other hand, It is brought
out that the atherosclerotic plaques sitting on the renal arteries are
almost always developed in patients with severe vascular disease.
Unfortunately, the damage of renal arteries, involves, in a significant
number of cases, deterioration of visceral arteries as well, whose
obstruction could be fatal.(®2)

o Nephroangiosclerosis:®3 is a nephropathy resulting from prolonged high
blood pressure, that was usually non treated or uncontrolled. It actually
results in a slowly progressive renal failure, which can progress to rend-
stage renal disease. The diagnosis of nephroangiosclerosis is often
taken for granted when histological evidences are not available. The
concept of this simple filiation is increasingly challenged. Two quite
different affection are listed under this term:

-The Most common, is the “benign” nphroangiosclerosis, a tardy
consequence of prolonged hypertension, which is usually not or poorly
treated. It gradually evolves into CKD.

- The “malignant” nephroangiosclerosis, completely different, It occurs

acutely, in the course of a "malignant” or “accelerated” hypertension.
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Kidney failure progresses very quickly in a few weeks to the end-stage,
and it is usually irreversible.

c). Glomerular nephritis: (84

U Glomerulonephritis are the best known kidney disease. Indeed, among the
treated kidney disease leading to ESRD, the proportion of
glomerulonephritis has declined steadily during the last 30 years, but this
reduction is relative seeing that the frequency of renal vascular and diabetes
has increased markedly. They affect mainly young adults.

U The most common chronic glomerulonephritis leading to ESDR is the igA
nephropathy. Moreover the rapidly progressive glomerulonephritis, also
called glomerulonephritis with extra capillary proliferation which is
characterized by its fast evolution and which may be primary or secondary.

d). Hereditary kidney disease:

U Approximately 5-8% of patients with ESRD have a form of hereditary kidney
disease.(®5)

U Polycystic kidney disease (PKD) is the most common hereditary disease.

U The Alport syndrome is characterized by the association of a gradual
haematuric nephropathy with ultra structural abnormalities and
immunohistochemical of glomerular basement membranes, also a gradual
change of sensorineural hearing loss and sometimes ocular

abnormalities.(86)
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7. Progression of CKD :

7.1 Risk factors of CKD progression:

Chronic Kidney Disease (CKD) may arise due to a multitude of different insults
to renal function. However despite the wide range of pathological processes that
may induce renal injury, substantial loss of nephrons provokes a common syndrome
characterized clinically by systemic hypertension, proteinuria and a progressive
decline in glomerular filtration rate (GFR) and patho-physiologically by progressive
interstitial fibrosis, peritubular capillary loss with hypoxia and destruction of
functioning nephrons because of tubular atrophy(®?). Extensive studies suggest that
the rate of loss of GFR, that is the rate of progression of CKD, may be largely due to
common secondary factors, often unrelated to the initial disease (898),

Some of these factors such as age and race are not open to intervention. The
majority, however, provide at least a potential for intervention in order to slow or
halt the progression of early CKD :

- High level proteinuria

- Severity of high blood pressure

- Poor glycemic control

- Type of nephropathy ( Glomerulonephropathy& vascular nephropathy have
more tendency to progress quickly ).

- Intensity of tubulointerstitial damage in glomerulonephropathy.

- Smoking

- Exposure to industrial, environmental or medical nephrotoxic substances.

- Ethnic factors ( A faster progression in blacks than in Caucasians).

- Genetic factors, such as: polymorphism of the different components

- The renin-angiotensin aldosterone system (controversial and marginal effect).

- Gender (controversial).
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7.2 Pathophysiology of CKD progression:®9)

The progression of early CKD is mediated by a common pathophysiology
resulting in glomerulosclerosis and tubulointerstitial injury. Many of the factors
associated with provoking this renal injury, and thus progression of CKD are
associated with, or caused by, chronic kidney disease itself. By targeting therapies to
try to break this vicious circle we can aim to slow or halt progression.

Reduction of intra-glomerular hypertension/hyperfiltration, systemic
hypertension and proteinuria, ideally by blocking the role of angiotensin Il and
attention to hyperlipidaemia, acidosis and phosphate balance with lifestyle
modification where appropriate can have a beneficial impact upon the progression

of CKD.

Figure 12 : Progression of Chronic Kidney Disease
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U Hypertension and progression of CKD:

U Systemic hypertension is common in CKD and incidence increases with
declining GFR (®0), Hypertension is due to a combination of sodium and water
excess, activation of the renin-angiotensin-aldosterone system and
sympathetic nervous system activation. Systemic hypertension is transmitted
causing glomerular capillary hypertension and a subsequent accelerated
decline in GFR as outlined above (intra-glomerular haemodynamic factors).

U The kidneys also generate angiotensin Il locally, independent of the systemic
system, and acting via the angiotensin Il type 1 receptor this has significant
non-haemodynamic effects contributing to the development of tubulo-
interstitial fibrosis by stimulating expression of cytokines and growth factors
favouring fibrosis and recruitment of macrophages.®l) Thus, the use of
angiotensin-converting enzyme (ACE) inhibitors performs a dual role, both
lowering the glomerular capillary pressure and preventing the increase in pro-
fibrotic cytokine expression.

U Proteinuria and progression of CKD:

U Proteinuria occurs as a result of glomerular capillary hypertension and varies
directly with the intraglomerular pressure. The resulting damage to the
permeability barrier in the glomerulus, a mechanism at least in part mediated
by angiotensin Il, leads to an excess of proteins reaching the lumen of the
proximal tubules. Filtered proteins are taken up by the tubular cells by
endocytosis and stimulate the abnormal production of cytokines which are
released into the interstitium leading to macrophage and T lymphocyte
migration, the proliferation of fibroblasts and increased ECM production: the
familiar mechanisms of glomerulosclerosis and interstitial fibrosis(®2. Some

specific proteins may play an enhanced role: transferrin is seen to accumulate
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in the proximal tubular cells in proteinuric patients with CKD(©3) and has been
implicated in toxicity via lipid peroxidation and complement activation.

U Consistent with this role in pathophysiology, proteinuria is a strong predictor
of clinical progression of CKD, the rapidity of progression is proportional to

the severity of proteinuria.(®4
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8. Complications of CKD :

Progression of CKD is associated with a number of serious complications,
including increased incidence of cardiovascular disease, hyperlipidemia, anemia and
metabolic bone disease. CKD patients should be assessed for the presence of these

complications and receive optimal treatment to reduce their morbidity and mortality.

(95)
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Figure 13 : Complications of CKD
8.1 Anemia:

A normochromic, normocytic anemia usually accompanies progressive CKD,
©6) and the overall prevalence of CKD-associated anemia is approximately 50% (7).
Although anemia may be diagnosed in patients at any stage of CKD, there is a
strong correlation between the prevalence of anemia and the severity of CKD. One
quarter of stage 1 CKD patients, half of those stratified to CKD stages 2, 3, and 4

and three quarters of CKD patients starting dialysis suffer from anemia(©8).
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Therefore, primary care providers play an important role in diagnosing and
managing anemia in CKD patients.

While anemia in CKD can result from multiple mechanisms (iron, folate, or
vitamin B12 deficiency; gastrointestinal bleeding; severe hyperparathyroidism,
systemic inflammation, and shortened red blood cell survival), decreased
erythropoietin synthesis is the most important and specific etiology causing CKD-
associated anemia. Erythropoietin is a glycoprotein secreted by the kidney interstitial
fibroblasts(®9 and is essential for the growth and differentiation of red blood cells in
the bone marrow. In CKD, tubular atrophy generates tubulointerstitial fibrosis, which

compromises renal erythropoietin synthetic capacity and results in anemia.

The pathogenesis of anemia of chronic kidney disease (CKD)
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Figure 14 : chronic kidney disease related Anemia
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8.2 Mineral and bone disorders: (95

Renal osteodystrophy is the spectrum of histological changes, which occur in
bone architecture of patients with CKD. The kidney is the primary site for phosphate
excretion and 1-x-hydroxylation of vitamin D. CKD patients develop
hyperphosphatemia as a result of inadequate 1, 25 dihydroxy-vitamin D levels that
reflect reduced synthesis from parenchymal scarring. In addition, renal phosphate
excretion is reduced. Together both processes cause, serum calcium levels to fall
resulting in increased secretion of parathyroid hormone (secondary
hyperparathyroidism). Parathyroid hormone has a phosphaturic effect. It also
increases the calcium levels by increasing bone resorption and promoting 1-x-
hydroxylation of 25-hydroxy vitamin D synthesized by the liver (limited effect
because of reduced kidney reserve from scarring).

Changes in bone architecture can be caused by either a high bone turnover
state or a low bone turnover state. Four types of bone phenotypes (renal
osteodystrophy) can be diagnosed in CKD patients: osteitis fibrosacystica (high bone
turnover with secondary hyperparathyroidism), osteomalacia (low bone turnover and
inadequate mineralization, primarily related to diminished vitamin D synthesis), a
dynamic bone disorder (low bone turnover from excessive suppression of the
parathyroid glands), and mixed osteodystrophy (with elements of both high and low

bone turnover). (Figure 14)
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8.3 Cardio vascular risk:

The increased cardiovascular risk associated with end stage renal disease has
been well established, and estimated cardiovascular mortality rates are ten to one
hundred fold higher among dialysis patients than age- and sex-matched individuals
in the general population.1%) Many traditional cardiovascular risk factors,
documented in the general population, contribute to cardiovascular risk in CKD
patients. In fact, many Framingham risk factors are more prevalent among
individuals with CKD than those with normal renal function. However, non-
traditional risk factors, specific to CKD patients, notably hypertension, diabetes,
anemia, proteinuria and inflammation are considered the most incriminated

underlying causes that contribute to the burden of cardiovascular disease(®5).
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8.4 Dyslipidemia:o

Dyslipidemia is a major risk factor for cardiovascular morbidity and mortality
and is common among patients with CKD. Lipid profiles vary widely in these
patients, reflecting the level of kidney function and the degree of proteinuria. In
general, the prevalence of hyperlipidemia increases as renal function declines, with
the degree of hypertriglyceridemia and elevation of LDL cholesterol being
proportional to the severity of renal impairment.

Several factors contribute to the development dyslipidemia associated with
chronic renal impairment. Patients with CKD have a reduction in the activity of
lipoprotein lipase and hepatic triglyceride lipase. This interferes with uptake of
triglyceride-rich, apolipoproteinB-containing lipoproteins by the liver and in
peripheral tissue, yielding increased circulation of these atherogenic lipoproteins.
Hypercholesterolemia in nephrotic syndrome is thought to be due to increased
production and decreased catabolism of lipoproteins. The degree of lipoprotein
abnormality is roughly proportional to the amount of proteinuria and inversely

proportional to serum albumin levels.

8.5 Nutritional issues:©5)

As patients progress through the stages of CKD, nutritional requirements are
altered and metabolism of protein, water, salt, potassium, and phosphorous are
affected (102), These changes lead to ineffective energy generation despite adequate
intake of protein and carbohydrate substrates. In more extreme manifestations,
these alterations in nutrient utilization cause “uremic malnutrition,” a syndrome that
is distinct from malnutrition caused by inadequate nutrient intake. Both inadequate
nutrient intake and ineffective nutrient utilization can contribute to nutritional
disorders in CKD patients and we will not distinguish between these etiologies in our

discussion. The association between uremic malnutrition and outcomes in the early
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stages of CKD has not been investigated. However, there is adequate evidence to
suggest that a poor predialysis, nutritional status increases patient morbidity and
mortality after initiation of renal replacement therapy (03, Maintenance of neutral
nitrogen balance is important for preservation of nutritional health in patients with
chronic renal impairment. Treatment goals in this setting should be to establish and
maintain optimal nutritional status, minimize uremic symptoms and signs as renal
impairment declines, and to establish a nutritional plan that is acceptable to the
patient. To accomplish these goals, involvement of a dietician in the care of these

patients is often necessary.

9. Management of CKD:

U The leading purpose of management in all stages is preventing progression
and complications of CKD . The individual’s ability to manage his/her health
situation and adherence to medication and diet prescriptions are crucial in the

efforts to slow down the disease progress and prevent complications.

9.1 Conservative management:(04-110)

In early CKD stages (1-3 stages), management is based on :

a. Control of CKD risk factors:

o Tight blood pressure control to target values per current guidelines:
Use of renin-angiotensin system (RAS) blockers among patients with
diabetic kidney disease (DKD) and proteinuria.
Use of angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin-
receptor blockers (ARBs) in patients with proteinuria.
Control of HBP Reduces damage due to the end organ effects of
hypertension on the kidney as well as the heart. In fact, Angiotensin-

converting enzyme inhibitors (ACEl) and angiotensin Il receptor
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blockers(ARBs), block the effects of angiotensin Il on (i) sodium and fluid
retention, (ii) vasoconstriction, (iii) stimulating ADH release, (iv)
stimulating aldosterone release, and (v) inducing a sympathetic response.
ACEls and ARBs also slow down progression of proteinuria in patients with
diabetic CKD.

o Reduction of proteinuria

o0 Aggressive glycemic control (target hemoglobin Alc [HbAL1C] < 7%):
Tight glucose management slows the progression of vascular and heart
disease.

o Treatment of hyperlipidemia to target levels per current guidelines.

o And other risk factors, such as life style issues like over/underweight,

physical inactivity and smoking.

b. Treatment of the underlying condition if possible

c. Dietetics:
0 Mixed evidence exists whether dietary protein restriction is beneficial in
slowing disease progression.
o0 Proteins affect the renal hemodynamics, raising the GFR, in hypothesized 2
ways.
Hormonal effects - proteins cause secretion of glucagon, IGF-1 and
kinins, all of which have been shown to raise the GFR.
Tubuloglomerular effects — high amino acid (AA) filtration leads to
increased AA and hence the sodium uptake in the proximal convoluted
tubule. A decreased sodium delivery to the distal convoluted tubule
leads to the rennin-angiotensin system activation via the macula densa

and these work to raise the GFR (mechanisms above)

MISS.GHAZZALI SALMA 64



% Design and development of a mobile self-management application for patients with (CKD) thesis N°: 224/16

o Controlling hyperphosphatemia: Protein restriction also limits phosphorus
consumption. Hyperphosphatemia plays a major role in the progression of
renal osteodystrophy. Phosphate binders are used to reduce phosphate
absorption through the Gl tract.

d. Avoidance of nephrotoxins, including intravenous (IV) radiocontrast media,

non-steroidal anti-inflammatory agents (NSAIDs), and aminoglycosides

e. Treating Pathologic Manifestations of Chronic Kidney Disease:

Anemia: When the hemoglobin level is below 10 g/dL, treat with an
erythropoiesis-stimulating agent (ESA) such as epoetinalfa or
darbepoetinalfa (previously, peginesatide was also considered an option
for anemia in CKD, but this agent was withdrawn from the market in
February 2013 due to serious hypersensitivity reactions [68] ); caution
should be exercised in patients with malignancy.

Hyperphosphatemia: Treat with dietary phosphate binders and dietary
phosphate restriction.

Hypocalcemia: Treat with calcium supplements with or without
calcitriol.

Hyperparathyroidism: Treat with calcitriol, vitamin D analogues, or
calcimimetics

Volume overload: Treat with loop diuretics or ultrafiltration.

Metabolic acidosis: Treat with oral alkali supplementation

Uremic manifestations: Treat with long-term renal replacement therapy
(hemodialysis, peritoneal dialysis, or renal transplantation)
Cardiovascular complications: Treat as appropriate

Growth failure in children: Treat with growth hormone
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9.2 Renal replacement therapy (RRT):

U In CKD 4-5, pharmacological treatment is usually intensified. Additionally this
treatment is supplemented with dietary changes and occasionally fluid
restrictions. Interventions to prepare for RRT (i.e. patient education and
decision of RRT alternative), access surgery and/or preparing for kidney
transplantation are commenced.

U Indications of RRT:

RRT is usually started when the patient reaches end-stage renal disease
(ESRD) at GFR approximately 5-10 ml/min/1.73/mZ2. Indications for renal
replacement therapy in patients with chronic kidney disease (CKD) include the

following:

Severe metabolic acidosis

Hyperkalemia

- Pericarditis

- Encephalopathy

- Intractable volume over load

- Failure to thrive and malnutrition

- Peripheral neuropathy

- Intractable gastrointestinal symptoms

- In asymptomatic adult patients, a glomerular filtration rate (GFR) of 5-9
mL/min/1.73 m?2, [2 irrespective of the cause of the CKD or the presence of
absence of other comorbidities.

U Preparation of patients for RRT :

Timely planning for long-term RRT consider the following :
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Q

Early patient education regarding natural disease progression, different
dialytic modalities, renal transplantation, and option to refuse or discontinue

chronic dialysis

Timely placement of permanent vascular access (arrange for surgical creation
of primary arteriovenous fistula, if possible, and preferably at least 6 mo in
advance of the anticipated date of dialysis for patients in whom
transplantation is not imminent)
Timely elective peritoneal dialysis catheter insertion
Timely referral for renal transplantation
RRT options are peritoneal dialysis (PD), haemodialysis (HD) or kidney
transplant, which all imply lifelong treatment. However, Some individuals -
often elderly patients with multiple comorbid conditions — opt for conservative
management, aiming at preservation, preventing and managing complications

and palliation.

a.Hemodialysis (HD):(111)(112)

i

Q

i

HD is the most used renal replacement therapy in Morocco. Its main
advantage in comparison with peritoneal dialysis is giving a better technical
survival and a reduced hospitalization rates.

HD usually involves treatment sessions at least thrice weekly, carried out
either at outpatient units or through self-care at home.

Contraindications of HD include:

1. Serious bleeding or anemia.
2. Severe hypotension or shock.
3. Serious heart or brain complications, i.e. obvious cardiomegaly with

insufficiency of heart function, serious arrhythmia, severe hypertension or

brain blood vessel disease.
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4. End-stage uremia with serious irreversible complications.

5. uncontrolled diabetes.

6. Serious infection.

7. Have malignant disease such as cancer at the same time.

8. Still within the 3 days after a big operation.

9. Old high-risk patients, non-cooperative mental disorder patients, infant
and children

U Hemodialysis principal:

The principle of hemodialysis is the same as other methods of dialysis; it
involves diffusion of solutes across a semipermeable membrane. Hemodialysis
utilizes counter current flow, where the dialysate is flowing in the opposite
direction to blood flow in the extracorporeal circuit. Counter-current flow
maintains the concentration gradient across the membrane at a maximum and
increases the efficiency of the dialysis.

Fluid removal (ultrafiltration) is achieved by altering the hydrostatic pressure
of the dialysate compartment, causing free water and some dissolved solutes
to move across the membrane along a created pressure gradient.

The dialysis solution that is used may be a sterilized solution of mineral ions
or comply with British Pharmacopoeia. Urea and other waste products,
potassium, and phosphate diffuse into the dialysis solution. However,
concentrations of sodium and chloride are similar to those of normal plasma
to prevent loss. Sodium bicarbonate is added in a higher concentration than
plasma to correct blood acidity. A small amount of glucose is also commonly

used.
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Figure 17: principal of hemodialysis@13),

b. Peritoneal dialysis (PD):(114)

U Peritoneal dialysis (PD) is an alternative treatment to haemodialysis that can be
carried out at home, at work, or on trips, but requires careful supervision. It
gives patients more control. However, they need to work closely with the
health care team including the nephrologist, dialysis nurse, dialysis technician,
dietitian and social worker.

U Inn Morocco, peritoneal dialysis is rarely practiced. Of the 2657 prevalent
cases who are on dialysis, only 7 cases (0.3%) are on peritoneal dialysis in the
4 regions where the register is located, means a prevalence of 0.7 pmp.(119)

U Principal of PD :

A special sterile fluid is introduced into the abdomen through a permanent
tube that is placed in the peritoneal cavity. The fluid circulates through
abdomen to draw impurities from surrounding blood vessels in the

peritoneum, which is then drained from the body.(figurel6)
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Figure 18: Peritoneal dialysis principal

A PD catheter is inserted permanently at the abdomen to allow filling and
draining of about two litres of PD solution into and out of the peritoneum or
abdominal cavity, which is surrounded by the peritoneal membrane. The peritoneal

membrane then filters waste and fluids from the blood into the solution.(figure 17)

Figure 19: PD catheter
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The PD solution is allowed to remain in the abdomen for four to six hours
before it is drained and replaced with fresh PD solution. The replacing of fresh PD
solution with the used PD solution is called an exchange. Each exchange takes about
30 minutes. PD patients perform an average of four exchanges per day. Different

types of PD have different schedules of daily exchanges.

Figure 20: PD solution

U Types of PD :

1) Continuous ambulatory peritoneal dialysis: Unlike Haemodialysis, patients do
not need a machine for CAPD. They need gravity to fill and empty their
abdomen. The doctor will prescribe the number of exchanges a patient needs,
typically three or four exchanges during the day and one evening exchange
with a long overnight dwell time while one sleeps. As the word “ambulatory”
suggests, the patient can walk around with the dialysis solution in the

abdomen.
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Figure 21: Continuous ambulatory peritoneal dialysis (CAPD)

2) Automated peritoneal dialysis: An alternative to CAPD is Automated Peritoneal
Dialysis (APD) where a machine called a cycler will change the dialysate solution
during the night, usually while patients are asleep. This means that patients have

to be attached to the machine for 8-10 hours.

Figure 22 : Automated peritoneal dialysis (CAPD)

MISS.GHAZZALI SALMA 72



% Design and development of a mobile self-management application for patients with (CKD) thesis N°: 224/16

U Benefits of PD :

Painless and No Needling
Unlike HD, no vascular access or needling is required for PD, hence PD is a
painless procedure.
Vascular access-related complications are one of the common causes of
hospitalisation in haemodialysis patients.
Home-based Therapy
Patients carry out treatment themselves in the comfort of their own homes.
No need to travel to the dialysis centre for treatment and not restricted to
dialysis centres’s schedule.
More flexibility to better fit dialysis into their lifestyle.
Patients take charge their own treatment plan and advice given by the PD care
team.
Gentler and works more like the natural kidney
PD mimics the function of real kidneys more as the constant presence of the
PD solution in the abdominal cavity allows waste products and excess water
from the blood to be removed continuously.
The non-intermittent nature of PD makes it a gentler treatment. Patients have

lesser food restrictions and experience lesser side effects

c.Renal transplant:(116)

U Kidney transplant or renal transplant is the process where a kidney is
surgically removed from a donor and implanted into the patient. The patient
may receive a kidney from a living-donor, or from a recently deceased person,

known as a cadaveric donor or deceased-donor.
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U It is estimated that 250 is the number of kidney transplanted patients in
Morocco so far. Moreover, only 1.2% of patients on dialysis are on the waiting
list of Kkidney transplant, having as reason of non registration, a
contraindication against the transplant in 14.2% of cases, or refusing the
transplant in 17.3% of cases, and in 65% of cases, for other non explicit
reasons.(115)

U Kidney transplant would be the best treatment for End-Stage Renal Disease
(ESRD). However, the waiting list for kidney transplant is long. According to
NKF, there are more than 400 individuals on the waiting list for cadaver renal
transplant, to date. And the average waiting time for renal transplant is 9

years.

MISS.GHAZZALI SALMA 74



% Design and development of a mobile self-management application for patients with (CKD) thesis N°: 224/16

9.3 Nutritional management in CKD:

9.3.1 Nutritional quidelines in hormal people:

@ Energy needs: (117)(118)(119)

Energy is not a nutrient but is required in the body for metabolic processes,
physiological functions, muscular activity, heat production, growth and
synthesis of new tissues. It is released from food components by oxidation.
Three macronutrients form the main source of energy;,

- Carbohydrates: which provide the major part of daily energy requirements
with 50%,0f which free sugars have to represent no more than 5%.

- Fats and oils: Constitute 35%of needs, where no more than 11% are provided
by saturated fat.

- Then proteins with only15% of daily needs.
In other words, the average amount of energy released ranges from
approximately 16.7 kJ/g for carbohydrates or protein and 37.7 kJ/g for fats.
Several factors define our energy needs, especially age, weight and physical
activity. But other influences are also concerned :

- Sex — males release energy from their food 5-7% faster than females.

- Size - the more surface area a person has, the greater is the energy needs.

- Body composition — the higher the ratio of lean tissue to fat tissue, the higher
is the need.

-  Thyroid hormone - this hormone stimulates resting metabolism, then more
enery is required

- Other factors - fever, certain drugs like caffeine, pregnancy, lactation and

emotions all increase our energy needs.
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The following tables show the estimated energy requirements in both children

and adults, according to the British Nutrition Foundation (BNF).

Table 6: Estimated average energy requirements for childeren

Males Females

| Age (yrs) mi/d kcal Mi/d kcal
4 5.8 1386 54 12491
5 6.2 1482 5.7 1362
1 6.6 1577 b.2 1482
Fi 8.9 1649 0.4 1530
8 1.3 1745 6.8 1625
9 r.d 1840 1.2 1721
10 8.5 2032 5.1 1936
11 5.9 2127 5.5 2032
12 94 2247 33 2103
13 10.1 2414 9.3 2223
14 11.0 2629 98 2342
15 11.5 2820 10.0 23590
16 12.4 2964 10.1 2414
17 12.9 3083 10.3 2462
18 13.2 3155 10.3 2462

Table 7: Estimated average energy requirements for adults

Males Females

Age (yrs) Mi/d keal Mi/d keal

19-24 116 2772 9.1 2175
25-34 115 2749 9.1 2175
35-44 11.0 2629 2.8 2103
45-54 10.8 2581 88 2103
55-64 10.8 2581 8.7 2079
B5-74 0.8 2342 1.7 1912
75+ 9.6 2294 8.7 1840
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@ Nutrients needs:

The World health organization (WHO) and Food & Agriculture organization
(FAO), arrange in this group over twenty essential nutrients, that comprise the
basis of all human nutrition. These nutrients include protein, vitamins ( A, B,
C, D, E, K, B12...) and ions ( Sodium, potassium, calcium...). As these
micronutrients are present in very different ways in different food categories,
covering their needs is a major reason for advocating a varied diet.(120)
Proteins: (118)
U In Adults:
- The Reference Nutrient Intake (RNI) is set at 0.75g of protein per kilogram
bodyweight per day in adults.
- Protein requirements increase in pregnancy (an additional 6g/d) and lactation
(an additional 11g/d 0-6m and 8g 6+ months).
U In children:

Table 8: Reference proteins intake in children

Age group RNI per day (g)

0-3m 125
4-6m 12.7
7-9m 13.7

10-12m 149
1-3y 145
4-6y 19.7
7-10y 28.3
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Sodium:(118)The target salt intakes set for adults and children do not represent

ideal or optimum consumption levels, but achievable population goals.

Table 9: Reference salt intake in children Table 10: Reference salt intake in adults

Age group Recommended intake per day (g) Age group Maximum salt intake per day (g)

0-6 months <lg / day

L3 years ISE”I dav 6-12 months 1g /day
511 years 20g / day 1-3 years 2g / day
11-16 years 25/ day i o 38/ day
7-10 years 5g [ day

17 years and over 30g / day TEP P 0/ day
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calcium:(121)(122)

- The UK reference nutrient intake (RNI) for calcium for adults aged over 19
years is 700mg/day; while according the American Scientific Committee for
Food, the average daily calcium requirement is 550mg/kg, with 400mg as a
lowest intake.

- Requirements are higher during childhood, adolescence and during lactation,
indeed Between the ages of 1 and 10, the average daily calcium retention
needed for skeletal growth has been estimated to rise from 70 to 150

mg/d.(123)

Table 11: Reference nutrient intakes for minerals (118)

S Calciurm phn,sphﬂm; MMagnesium Sodium Fotassium
2 3
mg/d meg/d mg/d mg/d mg/'d
0=-3 months 525 400 55 210 800
4-6 months 525 400 &0 280 aso
7=9 months 525 400 75 320 F00
10-12 moanths 525 400 20 350 F00
1-3 years is50 270 85 SO0 B00
4=-6 years 450 as0 120 A0 110
7=10 years 550 450 200 1200 2000
Males
11-14 years 1000 775 280 1E00 3100
15-18 years 1000 775 300 1600 ELT 1]
19-50 years F00 550 300 1500 3500
50+ years T0O 550 300 1E00 3500
Females
11-14 years 200 625 280 1600 3100
15-18 years 200 625 300 1500 3500
19-50 years F0O0 550 270 1600 3500
50+ years F00 550 270 L& 3500
Pregnancy e u g - i
Lactation:
0=4 months + 550 + 440 + 50
4+ months + 550 + 440 + 50
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9.3.2 Nutritional quidelines in patients with CKD:

@ Nutritional recommendations in Non-dialyzed patients:

U Before reaching the End Stage renal Disease (ESRD) and resorting to Renal
Replacement therapy (RRT), the nutritional management aims particularly to
reduce the daily intakes of proteins, phosphorus and potassium, in order to
decrease the risk of acidosis, hyperparathyroidism, insulin resistance and
cardiovascular disease.

Energy & proteins:(124)(125)

U The attempts to limit protein intake exposes to the risk of malnutrition,
comorbidity and mortality even. This makes dietary protein prescription in
chronic kidney disease, complicated by potential conflict between goals to
slow the progression of kidney disease and preserve protein nutritional status.

U  Thus, according to NKF, a recommended daily intake for proteins of 0.75 g/kg
appears reasonable in patients with GFR >30 mL/min/1.73 m2 (CKD Stages 1-
3).

U While in CKD Stages 4-5 patients who are not undergoing maintenance
dialysis, the institution of a planned low-protein diet providing 0.60 g
protein/kg/d should be considered.

U  For individuals who will not accept such a diet or who are unable to maintain
adequate dietary energy intake with such a diet, an intake of up to 0.75 g
protein/kg/d may be prescribed.

U The K/DOQI Nutrition Guidelines, recommends also for Non-dialyzed
individuals a Dietary Energy Intake (DEI) of 35 kcal/kg/d for those who are
younger than 60 years old and 30-35kcal/kg/d for individuals who are 60

years of age or older.
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i

The nutritional status of non dialyzed patients with chronic kidney disease
should be monitored at regular intervals: every 1 to 3 months for patients with
GFR <30 mL/min/1.73 m2 (CKD Stages 4 and 5) and every 6 to 12 months for
patients with GFR 30 to 59 mL/min/1.73 m2 (CKD Stage 3).

Table12 :Recommendations for protein supply in adult patients with CRF (g/ kgBWfda;rl.(m)

ESPEN NKF

GFR = 25-70 ml/min 0.55-0.60° {2/3 HBY) —

GFR <25 ml/min 0.55-0.60 (2/3 HEV) 0.60
or or 0.75 {intolerance or inadequate energy intake)
0.28+EAA or EAA+KA

ESPEN, European Soctety for Clinical Nutrition and Metabalism; NKF, National Kidney Foundation; EAA, essential aming acids;
GFR, glomerular filtration rate; HEV, high biological value; KA, ketoanalogues,

Micronutrients intakes:

Sodium: Clinical and experimental studies clearly show that sodium handling
by the kidney is altered in CKD, and that sodium retention has a major role in
hypertension in CKD. The primary mechanism appears to be expansion in
extracellular fluid (ECF) volume. Dietary sodium restriction is recommended to
reduce ECF volume expansion and lower blood pressure. The national kidney
Foundation recommended that most individuals with CKD should reduce
sodium intake to less than 2.5 g/d. Further reduction in sodium intake to <50
mmol/d (<1.2 g/d) might lower blood pressure further, but may be more
difficult to achieve.(125-128)

Potassium: As regarding potassium intakes, for CKD stages 4-5, the dietary
potassium intake recommended by the ESPEN guidelines is 1500-
2000mg/day. While in CKD stages 1-3, the daily requirements of potassium

must be matched to laboratory values.(126)

MISS.GHAZZALI SALMA 81



% Design and development of a mobile self-management application for patients with (CKD)

thesis N°: 224/16

U Calcium: The recommended calcium intakes in stages 3-5 (predialysis) is

<2000 mg/day(including calcium from phosphate binders).(126)(127)

U Phosphorus: In CKD stage 3-5: 600/800 - 1,000 mg/day of Phosphorus, is

the recommended daily intake, if levels of phosphate or parathyroid hormone

are elevated.(125-128)

Table 13 : Mineral reguirements in patients with
CRF.(125)

Phosphate 6001000 me/d*
Potassium 1500-2000mg / d'
Sodium 1.8-2.5g/d?
Fluid not limited?

*Depending on physical activity, lean body mass, age,
gender, degree of malnutrition, ete.

Tindividual requirements can differ considerably.

*Such a large span of protein requirement depends on
degree of renal insufficiency, dietary habits, energy
intake, rate of progression or renal failure, etc.

@ Nutritional recommendations in dialyzed patients:(129)

U The nutritional support of the dialysis patient aims to control the intake of

some nutrients (phosphorus and potassium) and reduce the accumulation of

metabolic wastes (urea) between dialysis sessions. This must be done by

taking into account the dietary guidelines for the general population for

aspects not directly related to renal disease and the preferences of the patient.

The specific aims of nutritional support are:

- To reduce the accumulation of metabolic wastes, fluids and electrolytes;

- To prevent metabolic complications of CKD;

- To replace nutrients lost with dialysis;

- To promote a satisfactory nutritional status
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Enerqy & proteins:

The dialysis modality affects the nutritional needs of CKD patients. For
instance, PD patients have to decrease their energy intake because of the absorption
of glucose from the dialysate. On the other hand, their protein requirements may be
higher because of protein losses through the peritoneal membrane. The dietary
demands of patients on HD are more complex than PD patients and this is
confirmed throughout this paper, which concentrates more on the needs of HD
patients.(129)

Table 14: Estimated energy requirements for

Table 15:Estimated protein requirements

dialysis patients in dialysis patients

mm M M Dogi 35 kealkg B‘.ﬂ;ﬂiay 35 kcahl'kg E:::;:r
Doqi 1.2 o/kq IBWiday 1.2-13 ghkg IBW/day 30-35 kealfkg BW/day 30-35 keal/kg BW/day
250% HBY 250% HBY o0 = S0yean ! e
BPEN 12gkgBWiday 1.2-1,5 glkg Wy e
5% HBY >50% HBY ESPEN 35 kealfkg 1BW/day 35 kealfkg 1BW/day
Greatr intake f peritnits Z&}:f%f:ﬁﬁ;j:w
EBPG At least 1.1 gl’kg 1BV ay Glucose absorption must be
Balanced intake ofhigh qualiy - e S0 s st
amm§I protein and vegetable Ackactec o oa, sl and
protein source physical activity level
EDTNAVERCA  1.1-1.2 glkg IBW/day 1.0-1.2 gfkg IBW/day EDTNA/ERCA 35 kealfkg 1BVil/day 35 kealfkg 1BW/day

=50% HEV

1.5 gfkq IBW/day if peritonitis
=50% HEY

30 kealfkg 1BW/day in the elderly
and patients with reduced activity

30 kealfkg 1BW/day in the elderly
and patients with reduced activity

Including calories from peritoneal
absorption of glucose
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Micronutrients intake:

i

Phosphorus: Hyperphosphataemia is common in stage advanced CKD patients.

A diet with the suggested quantity of protein for a CKD patient carries about
10-13 mg of phosphorus per gram of protein while a single dialysis session
can remove up to 800 mg of phosphorous. The ensuing hyperphosphataemia
is implicated in hyperparathyroidism, mineral bone disease and cardiovascular
disease (NKF 2003). It should be noted that, while increasing protein intake
will slightly increase serum phosphate. Table 13 gives the suggested dietary
intake of phosphorus for dialyzed CKD patients.(129)

Table 16: Suggested phosphorus intake for the dialysis(30) patient.(130)

Haemodialysis Peritoneal dialysis
00! Restricted to 300-1000 mg/day  Restricted to 800-1000 mg/day
(NKE 2003 if serum phosphorus level if serum phosphorus level
>5.5 mg/dl > 5.5 mg/dL
ESPEN 17 mg kg 1BW 17 mg kg 1B
E8PG 800-1000 muyday -
EDTNAERCA 1000-1400 moday 1000-1400 mo/day

Potassium: Control of dietary potassium is important to prevent
hyperkalaemia between dialysis sessions. The kidney excretes 90% of dietary
potassium and the intestinal excretion of potassium is increased during CKD,
as a compensatory mechanism. For this reason, constipation may
favourhyperkalaemia while diarrhea may be responsible for hypokalaemia
because of potassium loss. Dialytic efficiency is central to the maintenance of
an acceptable potassium level and the use of a potassium enriched dialysate
should be avoided, if not strictly necessary. Table 14 gives the suggested

dietary intake of potassium for CKD dialyzed patients.(129)
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Table 17: Suggested potassium intake for the dialysis(131) patient. (131)

Haemodialysis

pOQ! /A

ESPEN <1 mEq/kq /day

EBPG <1 mEqg/kg BW/day or
50-70 mmolfday

EDTNAERCA 2000-2500 moy/day

Peritoneal dialysis
/A
<1 mEg/kg /day

2000-2500 mo/day

U Sodium & Fluid: In stage 5 CKD there is a substantial decrease of sodium

excretion, which may be responsible for an increase in extracellular water.

Such expansion is responsible for hypertension while a too rapid removal of

sodium during dialysis is associated with hypotension and arrhythmias. As

noted above, CKD patients should not use a salt substitute as it may increase

the risk of hyperkalaemia.(29)

U The European Best Practice Guidelines (EBPG), recommends 500-1000mL/day

as a daily requirement of fluid, for hemodialyzed patients, while other

foundations recommend the following needs (Table 16).

Table 18: Suggested sodium intake for the

dialysis patient.(31)

Haemodidys Rrtonal il

oo NA WA
ESPEN 60-100 néay 60-100 mEg/dy
EB0G BUM100 gy dy

ITNARCA  1800-5Wmgdy  1800-2500 mte

Table 19: Suggested fluid intake for the

DOO

ESPEN

EBPG

EDTHAY
ERCA

dialysis patient.(31)

Haemodialysis
NiA

500-800 mi/day + daily urine out-
put {taking into account the fluid
content of foods)

Intradialytic weight gain < 4-4.5%
of dry body weight

500 ml + daily urine output -
includes only foods that are liquid
at room temperature and those
with high fluid content

Peritoneal dialysis
W/

500-800 ml/day + residual uri-
nary volume (taking into account
the fluid content of foods)

800 mL + daily urine output -
includes only foods that are liquid
at room temperature and those
with high fluid content
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i

Calcium: According to the European Best practice Guidelines (EBPG), the
dietary sodium intake in patients on maintenance dialysis must be less than

2000mg/day, including calcium from phosphate binders. (32

Nutritional recommendations in diabetic patients:(133)

Nutritional management for people with diabetes has traditionally focused on
blood glucose control. However, dietary protein intake at all stages of CKD
appears to have an important impact in this population.

If dietary protein is limited, adequate caloric intake must be maintained by
increasing calories from carbohydrates and/or fats. Competing needs for
nutritional management of hyperglycemia, hypertension, and dyslipidemia can
make determination of appropriate protein intake challenging.

Furthermore, the diet for diabetes and CKD should consider the qualitative, as
well as the quantitative, aspects of proteins, carbohydrates, and fats.

A dietary protein intake of 0.8 g/kg body weight per day, is the recommended
dietary allowance (RDA) for this macronutrient, it is a level that has been
achieved in studies of diabetes and CKD.

If dietary protein intake is limited, an increase in carbohydrates and/or fats is
required for adequate caloric intake. Increasing intake of omega-3 and
monounsaturated fats may confer benefits on CKD.

The following table show the varied RDA of protein and micronutrients in

diabetics patients according to CKD stages:
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Table 20:A Balanced Approach to Nutrition in CKD With Diabetes: Macronutrient

Composition and Mineral Content

Stage of CKD

Nutrient 12 14 34
Sodium (gid) 23

Total fat’ (% of celorie) 2l

Saturated fat (% of calories) <A

Cholesterol (mg/d) <20

Carbonydrate (% of caories| 50-60

Protein (g/kg/d, % of calories)

No diabetes 14(~18) 05-0.8(~8-10)
Diabetes 0.8 (~10) 0.5-0.8(~8-10)
Phosphorus (g/d) 17 081.0
Potassium (g/d) :-4 24

Note: Adapted from the CASH diet and NKF-KDOQI™ CPGs for Hypertension ard Antiypertensive Agents in CKD, modified for diabetes and stages of
CKD}JB@

"Adjust so total calories from protein, fat, and carbohydrate are 100%. Emphasize such whole-food sources as fiesh vegetables, wholg grains, nuts,
legumes, low-fat or nonfet dairy products, canola ol olive ofl cold-water fish, anc poulty,
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@ Nutritional recommendations patients with CKD + HBP:(134)

Dietary and other therapeutic lifestyle modifications are recommended as part
of a comprehensive strategy to lower blood pressure and reduce CVD risk in
CKD.

In fact, individuals with CKD have significant comorbid conditions in addition
to high blood pressure, for which dietary modifications are recommended,
including diabetes, CVD, obesity, and hyperlipidemia.

Therefore, NKF Guidelines, compiles dietary modifications recommended for
the general population as they apply to CKD Stages for management of high
blood pressure (table 18).

Dietary sodium restriction is recommended to reduce ECF volume expansion
and lower blood pressure. Based on the results of the studies DASH and
DASH-Sodium Trials, the Work Group recommended that most individuals
with CKD should reduce sodium intake to less than 100 mmol/d (2.4 g/d).
Further reduction in sodium intake to <50 mmol/d (<1.2 g/d) might lower

blood pressure further, but may be more difficult to achieve.

Table 21: Recommended mineral and micronutrient intakes in CKD patients with

hypertension

Nutrient Stage of CKD
Stages 14

Sodum (g'd)" <24
Total Fal (% of calories) <3
Saturated Fat (% of calories) <10
Cholesieral (mgd) <200
arbohydraie (% of calones)"™ 8060

Stages 12 Stages 34
Probén (g%g'd, % of calones) 14(-18) 06048 (=10
Phosphorus (gd) 17 0810
Polassium (g'd) 4 24

Nl Mol by palents el ekl
** At 40 10l calones b prolisn 18! and Carbohydeae 4 100%
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@ Nutritional recommendations in children :

U Regular evaluation of nutritional status and Provision of adequate nutrition are
key components in the overall management of children with CKD. Thus, the
focus of nutritional care for children across the spectrum of CKD must always
be centered on the achievement of the following goals:

Maintenance of an optimal nutritional status to achieve a normal pattern of
growth and body composition by intake of appropriate amounts and types of
nutrients.

Preventing the development of Poor-Energy malnutrition (PEM) and meet the
children’s vitamin and Mineral needs.

Avoidance of uremic toxicity and metabolic abnormalities.

Reduction of the risk of chronic morbidities and mortality, later in adulthood.

U In children with chronic kidney disease (CKD), there is no one-size-fits-all
diet that can be prescribed. Medical nutrition therapy needs to be
individualized and adjusted as the needs change in a growing child,
progression of CKD, and initiation and modality of dialysis. Considerations

include calories, protein, sodium, potassium, calcium, phosphorus, and iron:

U Energy needs: (139)

Poor energy intake is common in children With CKD stages 2 to 5, due to
reduced appetite and vomiting, in fact, Studies have shown that the caloric
intake of infants and young children with CKD is frequently less than 80% of
recommended intake.(136-138) This fact has been considered to be incriminated
in children’s growth retardation and development disorders.(139 |n addition,
these low intakes and Decreased rates of weight gain and growth, may Occur

early in those with CKD and worsen with Increasing severity of
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CKD.(136)140)141)Thus, the energy requirements for children with CKD stages 2
to 5, should be as high as possible and be adjusted individually according to
the height age, body mass and size and not only to the chronological age,
further the adjustment based upon the response in rate of weight gain or loss.
However, there’s no evidence that energy requirements of children with CKD
are higher than those of healthy children. Likewise, an increase of caloric
intake over 80% of recommendations led to no additional effect on CKD
children growth.(@42)

A balance of calories from carbohydrate (45 to 50%) and unsaturated fats (40
to 45%) within the physiological ranges, are the dietary recommended intakes
suggested when prescribing oral, enteral, or parenteral energy
supplementation to children with CKD stages 2 to 5

Supplemental nutritional support should be considered when the usual intake
of a Child with CKD stages 2 to 5 or 5D fails to meet his energy requirements
and/or the child is not achieving expected rates of weight gain and/or growth
for age.

A smaller percentage of children have Excessive energy intake, in that case,
dietary intervention and lifestyle changes are needed to control the overweight
or obesity and to address the short- and long-term of their complications.
The following tables show the estimated dietary energy intakes advisable by
The American National Kidney and Urologic Diseases Information

Clearinghouse (NKUDIC), and those recommended by NKF-K/DOQI Guidelines.
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Table 22: estimated energy intakes in CKD children Table 23: estimated energy intakes in CKD children

according to the (NKUDIC)143) according to the NKF-K/DOQI144)
Energy Needs for Children with Aga ty) —
Kidney Disease Infants 0-05 108
= 0.5-1 o3
Age Range Calories / Pound / Day
Children 1-3 102
Infant 0—6 months |49 46 80
7—12 months | 45 710 i
Toddler I-3 years 46 Males 11-14 55
r 15-18 45
Child 4-6 years 4l 18-21 a0"
7-10 years 32 Females 11-14 47
Adolescents Girls Boys 19-18 4
18-21 ag
ll-14 years 21 25
1518 years 3 20 . Basa:;;ﬁw Dletary Alowances and in-

U Protein needs: (139)

The recommendation for protein intake in children with CKD has to consider
maintenance of Growth and an adequate nutrition status, but it has also to
take in consideration the following risks :

- The intrinsic link of protein intake and phosphorus load. An excessive protein
intake is accompanied within an increase of the phosphorus load, resulting in
hyperparathyroidism and osteodystrophy.

- Increasing dietary protein intake, means a rise of acid load and then acidosis
development, real CKD threat, especially that it can worsen the CKD children’s
growth disorders.

- High protein intake induces also, an increase in glomerular filtration, which
can lead to renal sclerosis and thus worsening even more the kidney disease.
It is suggested to maintain dietary protein intake at 100% to 140% of the DRI
for ideal body weight in children with CKD stage 3 and at 100% to 120% of the

DRI in children with CKD stages 4 to 5.
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In children with CKD stage 5D, it is Suggested to maintain dietary protein
intake at 100% of the DRI for ideal body weight plus an allowance for dialytic
protein and amino acid losses.

The following table details the different estimated DPI for each age range in
children with CKD.

Table 24: estimated protein intakes in CKD children (145)

Protein Needs for Children

with Kidney Disease

Grams / Pound / Day
Pre- Hemo- Peritoneal
Age Range Dialysis | dialysis Dialysis
Infant 0—6 months | | 1.2 1.3-1.4
7—12 months | 0.73 L1 1.0-1.1
Toddler I3 years 0.5 0.7 0.9
Child 4—b years 0.5 0.7 0.9
7-10 years | 0.45 0.6 0.8
Adolescents | 11-14 years | 0.45 0.6 0.8
15218 years |0.4 Girls | Boys 0.6-0.7
' 05 |06

U Sodium, Fluid& potassium intakes:(135)(145)

Fluid and electrolyte requirements of individual children vary according
to their primary Kidney disease, degree of residual kidney function, and
method of kidney replacement therapy. Supplementation or restriction
of fluid, sodium, and potassium intake is individualized and influenced
by the volume of urine output and the ability to concentrate urine,
hydration status, and the presence or absence of hypertension or
hyperkalemia. Dietary and other therapeutic life style modifications are
recommended as part of a comprehensive strategy to lower blood

pressure and reduce CVD risk in those with CKD.(146)
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Since the most common causes of CKD in children are associated with
excessive loss of sodium and chloride, the restriction of sodium and/or
fluid seems to be not always appropriate. In fact some infants and
children with obstructive Uropathy or renal dysplasia have polyuria,
polydypsia, and difficulties to conserve sodium and chloride. These
children develop a salt-wasting state and require then salt
supplementation. Hence, supplemental free water and sodium
supplements should be considered for children with CKD stages 2 to 5
and polyuria to avoid chronic intravascular depletion and to promote
optimal growth.

Individualized therapy can be started by first prescribing at least the
age-related DRI of sodium and chloride (table 25), then restriction of
sodium intake will be considered for children with CKD stages 2 to 5
and 5D who have hypertension (systolic and/or diastolic blood pressure
> 95th percentile) or prehypertension (systolic and/or diastolic blood
pressure > 90th percentile and < 95th percentile). The restricted
sodium intakes value will be adjusted according to the blood
biochemistry tests results and blood pressure.

Fluid intake should be restricted in children with CKD stages 3 to 5 and
5D who are oligoanuric to prevent the complications of fluid overload.
Potassium intake should be limited for children with CKD stages 2 to 5

and 5D who have or are at risk of hyperkalemia.
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Table 25 DRI for Healthy Children for Water, Sodium, Chloride and Potassium®*®

Total Water® (L'd) Sodiumt (mg/d) Chleride (mg/d) Potassium (mg/d)
Age Al Upper Limit Al Upper Limit Al Upper Limit Al Upper Limit

0-6 mo 0.7 ND 120 ND 180 ND 400 ND
7-12mo 0.8 ND 370 ND 570 ND 700 ND
1-3y 1.3 ND 1,000 1,500 1,500 2,300 3,000 ND
4-8y 1.7 ND 1,200 1,900 1,900 2,900 3,800 ND
9-13y 2.4 ND 1,500 2,200 2,300 3,400 4,500 ND
14-18y 3.3 ND 1,500 2,300 2,300 3,600 4,700 ND

Abbreviation: ND, not determined.

Source: Health Canada: http://www.hc-sc.ge.ca/fn-an/alt_formats/hpfb-dgpsa/pdf/nutrition/dri_tables-eng.pdf. Repro-
duced with the permission of the Minister of Public Works and Government Services Canada, 2008.

*Total water includes drinking water, water in beverages, and water that is part of food.

tGrams of sodium x 2.53 = grams of salt; 1 teaspoon salt = 2,300 mg sodium.

U Iron intakes:

Dietary iron intake is almost always not fully-enough to meet children’s
needs, because of the occult blood loss in the gastrointestinal tract and
possibly the restriction of meat consumption. An oral and/or enteral iron
supplements is therefore necessary, particularly in combination with a
treatment by erythropoietin.

U Bone minerals and Vitamin D requirements: (35)

Calcium:

The management of oral and/or enteral calcium intake in children with CKD is
a challenging problem for physicians and dietitians, because both insufficient
and excessive calcium supply may occur, and lead either to deficient
mineralization of the skeleton in case of insufficient calcium supply, or to
severe vascular morbidity in case of calcium overload.

Therefore, In order to prevent osteodystrophy, the K/DOQI guidelines
recommend that In children with CKD stages 2 to 5, the total calcium intake

from nutritional sources and phosphate binders must be in the range of 100%
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to 200% of the DRI for Calcium for age. This DRI varies from 420 to 2500mg
per day, in accordance with the age.

The use of a calcium supplement of 0.5 to 1g/m2/24h to augment inadequate
oral and/or enteral calcium intake should be considered when children with
CKD stages 2 to 5 and are unable to meet their protein requirements through
food and fluids alone.(@47)

See Table 26 for dietary calcium intakes, estimated for CKD children.

Viatmin D:

Recent clinical evidence suggests a high prevalence of vitamin D insufficiency
in children and adults with CKD, thereby, it is recommended that
InchildrenwithCKDstages2to5, serum25-hydroxyvitaminDlevels be measured
Once per year. If the serum level of 25-hydroxy vitamin D is less than
30ng/mL (75 nmol/L), supplementation with vitamin D2 (ergo calciferol) or
vitamin D3 (cholecalciferol) is suggested.

In the repletion phase, it is suggested that serum levels of corrected total
calcium and phosphorus be measured at 1 month following initiation or
change in dose of vitamin D and at least every 3 months thereafter.

When patients are replete with vitamin D, it is suggested to supplement
vitamin D continuously and to monitor serum levels of 25-hydroxyvitamin D
yearly.

See Table 28 for recommended supplements for Vitamin D deficiency in

children with CKD.
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Phosphorus:

The NKF-K/DOQI guidelines concerning phosphorus intakes are as follows:

In children with CKD stages 3 to 5, reducing dietary phosphorus intake to
100% of the DRI for age is suggested when the serum PTH concentration is
above the target range for CKD stage and the serum phosphorus
concentration is within the normal Reference range for age.

In children with CKD stages 3 to 5 and, reducing dietary phosphorus intake to
80% of the DRI for age is suggested when the serum PTH concentration is
above the target range for CKD stage and the serum phosphorus
concentration exceeds the normal reference range for age.

After initiation of dietary phosphorus restriction, it is suggested that serum
phosphorus concentration be monitored at least every 3 months in children
with CKD stages 3 to 4 and monthly in Children with CKD stage 5, in all CKD
stages, it is suggested to avoid serum phosphorus concentrations both above

and below the normal reference range for age.

See Table 27 for estimated daily intakes of phosphorus, in children with CKD.

Table 26 Recommended Calcium Intake for Children
with CKD Stages 2 to 5 and 5D

Upper Limit  Upper Limit for CKD Stages
(for healthy 2-5, 50 (Dietary +
Age DRI children) Phosphate Binders*)

0-6 mo 210 ND =420

7-12 mo 270 ND =540

1-3y 500 2,500 =1,000

4-8y 800 2,500 =1,600

9-18y 1,300 2,500 =2.500

Abbreviation: ND, not determined.
*Determined as 200% of the DRI, to a maximum of 2,500
mg elemental calcium.

Table 27 Recommended Maximum Oral and/or
Enteral Phosphorus Intake for Children With CKD

Recommended Phosphorus

Intake (ma/d)
High PTH and High PTH and
MNormal High

Age DRI (mg/d) Phosphorus* Phosphorust
0-6 mo 100 =100 =80
7-12 mo 275 =275 =220
1-3y 460 =460 =370
4-8vy 500 =500 =400
9-18 y 1,250 =1.250 =1.000

Source: Health Canada: httpy//www . hc-sc.gec.ca/fn-an/
alt_formats/hpfb-dgpsa/pdf/nutrition/dri_tables-eng.pdf. Re-
produced with the permission of the Minister of Public
Works and Government Services Canada, 2008.

*= 100% of the DRI.

1= 80% of the DRI.

MISS.GHAZZALI SALMA

96



% Design and development of a mobile self-management application for patients with (CKD) thesis N°: 224/16

Table28 Recommended Supplementation for Vitamin D Deficiency/nsufficiency in Children with CKD

Serum 25(0H)D Ergocalciferol (Vitamin D) or Cholecalciterol Duration
(ng/mL) Definition {Vitamin D) Dosing (mo)
<5 Severe vitamin D deficiency 8,000 IU/d orally or enterally X 4 wk or 3

(50,000 IUwk x 4 wk); then 4,000 IU/d
or (50,000 [U twice per mao for 2 mo) X

2mo
515 Mild vitamin D deficiency 4,000 IU/d orally or enterally x 12 wk or 3
(50,000 U every other wk, for 12 wk)
16-30 Vitamin D insufficiency 2,000 IU daily or (50,000 IU every 4 wk) 3
Note: Conversion factor for Serum 25(0H)D: ng/mL x 2.496 = nmol/L.

Adapted with permission.'*'

@ Nutritional management of kidney transplant patients :(148)

After kidney transplant, patients should continue to require dietary
modifications, in order to address nutrition related issues, prevent post-
transplant complications and particularly to prevent the side effects of
immunosuppressive medications, that significantly impact on the long-term
morbidity and life quality of kidney transplant recipients.

In adult patients with renal transplant, dietary management has the same
objectives as in moderate chronic renal failure49, while transplant children
require a dietary management of protein and phosphorus in the same way as
children with similar GFR before transplantation.(35)

Dietary protein requirements: (148)

- Guideline objective: To ensure that appropriate nutrition interventions are

used to prevent the loss of lean body mass and achieve neutral or positive
nitrogen balance in kidney transplant recipients, and to reduce the risk of

chronic kidney failure in stable kidney transplant recipients.
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Practice recommendations:

. In the first four weeks after transplantation, kidney transplant recipients

should be advised to eat a diet providing 1.3g protein/kg body weight to

reverse negative nitrogen balance and maintain lean body mass.

. Kidney transplant recipients with chronic rejection should restrict dietary

protein to 0.73+/-0.11g/kg body weight.

. Stable kidney transplant recipients on a maintenance immunosuppression

regimen, irrespective of renal function, should not exceed the recommended
daily intake of protein for general population of 0.75g protein/kg body

weight for females and 0.84g protein/kg body weight for males.

. During periods when treatment with high dose prednisone is required, for

example during acute rejection, protein requirements may be elevated to a

level similar to that of the early post-transplant period.

. Reqgular review by a dietitian is desirable in the long term to ensure that

protein requirements are neither exceeded (particularly in the presence of
chronic nephropathy) nor inadequate (particularly in periods of acute

rejection when prednisone dose may be increased).

Evidences:

1. The study by Cogan et al150) which examinated nitrogen balance in kidney

transplant recipients requiring dialysis immediately after transplant, confirms
that prednisone increases protein requirements. To correct negative nitrogen
balance, patients required 1.3+/-0.069g protein/kg/day.

the recommendation that 1.4g protein/kg body weight be consumed in the
early post-translpant period is based on single study by Whittier et al@51), in
which patients achieved positive nitrogen balance, when they consumed at

least 1.4g protein/kg/day. However, it should be noted that patients in this

MISS.GHAZZALI SALMA 98



% Design and development of a mobile self-management application for patients with (CKD) thesis N°: 224/16

study received 1mg prednisone/kg/day for the first two weeks post-
transplant, followed by a progressive reduction of prednisone to 0.5 to
0.7mg/kg/day over the second two-weeks period.

Dietary Sodium requirements:(148)

- Guideline objective: To ensure prevent and manage hypertension in adult

kidney transplant recipients.

- Practice recommendations:

1. Hypertensive kidney transplant recipients should be advised to restrict sodium
intake to 80-100mmol/day.

2. Lowering sodium intake to 65-70mmol per day may cause a greater lowering
of blood pressure.

3. kidney transplant recipients should be encouraged to do at least 30 minutes

of moderate intensity physical activity on at least five days per week.

- Evidences:

1. The recommendation to limit sodium to 80-100mmol/day is in the line with
current guidelines for the general population.(152) However, clinicians should
emphasise adequate fluid intake over sodium restriction in the immediate
post-transplant period.

2. The recommendation to lower sodium intake further to 65-70mmol/day is in
the line with suggested dietary target for chronic disease prevention set by
the National Health and medical research Council and the New Zealand
Ministry for health, and recently adopted by the national Heart foundation of
Australia.(153)

3. the practice recommendations above are in the line with guidelines for
hypertension management in the general population. In the general

population, regular aerobic activity and weight reduction by as little as 5kg
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reduces blood pressure in most people who are greater than 10% above their
ideal body weight. (154

Dietary Calcium & Vitamin D requirements: (148)

- Guideline objective: To minimize bone mineral density loss and reduce the

risk of fractures among adult kidney transplant recipients.

- Practice recommendations:

1. Kidney transplant recipients should be advised to take a Vitamin D
supplement at a dose of at least 0.25ug daily.

2. A diet containing adequate calcium-rich foods to meet the recommended
dietary intake for calcium of 1000mg/day (1300mg/day post-menopause),
should be encouraged. If the diet does not provide adequate calcium, a

calcium supplement should be recommended.

- evidences:

1. The meta-analysis of the all available trials ( 24 trials, 1299 patients)
combined, shows that any intervention (Vitamin D sterol, or Bisphosphonates,
or...) for bone disease in kidney transplant recipients, does reduce the risk of
fracture and provide also a significant improvement in bone mineral density,
in this population.(@55

2. Two randomized controlled trials have shown that bisphosphonates combined
with a calcium intake of 1000mg/day, have greater efficacy to preserve bone
mineral density at the lumbar spine and femoral neck than Vitamin D sterols
associated with calcium.(®56)

Dietary Phosphorus requirements:(148)

- Guideline objective: To correct hypophosphataemia in adult kidney transplant

recipients.

- Practice recommendations:
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1. Supplementation should commence as soon as possible after
transplantation to correct hypophosphoataemia.

2. The treating physicians should determine the dose on the basis of serum
phosphate concentrations. Otherwise, If serum phosphate level is normal,
the recommended phosphorus intake should be no less than 1.2g per
day.(49)

3. Physicians should be aware that in the late post-transplant period
phosphate supplementation has the potential to worsen
hyperparathyroidism and may mask phosphorus deficiency.

- Evidences:
There have been no studies examining the effect of dietary phosphate intake on
hypophosphataemia in kidney transplant recipients. The general consensus among
experts, is that the intake of phosphate-rich foods should be encouraged as early as

possible.
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Dietary guidelines summary:(148)(149)

Nutrient daily intakes in kidney transplant recipients:

- First month after kidney transplantation :
Proteins: 1.3g/kg/day
Calories: 30-35 Kcal/day
- In chronic rejection:
Proteins: 0.73+/-0.11g/kg body weight.
- In stable kidney transplant:
Proteins: 0.75g/kg/day
Sodium: 80-100mmol/day
Calcium: 1000mg
Vitamin D: 0.25ug/day
Phosphorus: 1.2g/day
Iron: 300mg/day
Carbohydrates 50% of calories
Fat 30% of calories
300mg cholesterol /day

Report polyunsaturated fatty polyacids / saturated> 1g
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9.4

Malnutrition in CKD:

9.4.1 Definition:

Malnutrition in the context of CKD, is a condition that develops when the body
get an inappropriate dietary intake of one or more macro- or micro-nutrients
-necessary to maintain healthy tissues and organ function- and which results
in metabolic abnormalities that cannot be corrected solely by an improved
diet. @57

Thus, malnutrition may indicate both a state of under-nutrition or over-
nutrition. Under-nutrition is “a consequence of consuming too few essential
nutrients or using or excreting them more rapidly than they can be replaced” ;
whereas over-nutrition is usually a result of “eating too much, eating too
many of the wrong things, not exercising enough or taking too many vitamins
or other dietary replacements”.(157)

In patients with ESKD, uraemic malnutrition generally refers to patients with
kidney disease, who have suboptimal nutritional status characterized by
reduced body weight, depleted fat stores, loss of somatic protein (muscle
mass) and low levels of visceral proteins such as s-albumin, pre-albumin and
transferrin. (158)

9.4.2 Causes & mechanism of malnutrition in CKD:

@ Mechanism:

Nutritional and metabolic derangements are common in CKD and play a major
role in affecting clinical outcome in this patient population.(59 The
development of impaired nutritional status, in Stage 4 and 5 CKD, commonly
termed uraemic malnutrition, is multi-factorial. The term uraemic malnutrition
is used to encapsulate the dietary and metabolic changes which lead to a state

of protein catabolism and loss of lean body mass. Malnutrition is typically
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hallmarked by a progressive decline in body weight and body protein.(160) |t is

the loss of metabolically active component of body mass which creates the

negative effects seen with malnutrition.(161)(162)

U Figure 23163 provides a schematic diagram highlighting the complex

interrelationships of factors leading to uraemic malnutrition in CKD. Table

29164) provides an overview of the metabolic consequences of a number of

conditions which may contribute to the development of uraemic malnutrition

iINnCKD.

Table 2° Mechanisms for the progression of uraemic malnutrition in CKD

Cause Mechanism

Reduced dietary Poor appetite from uraemic toxicity, inflammation, reduction in anabolic

intake hormones'’. Spontaneous decline in energy and protein intake'

Restrictive Unmonitored restriction of protein and other nutrients

dietary intake

Inflammation From whole-body protein catabolism, suppressed albumin synthesis,
anorexia, disrupted growth hormone and IGF-1 (decreased anabulismf,
increased resting energy Expenditure”.

Gastrointestinal  Delayed gastric emptying, impaired motility, alterations in bacterial flora™

function

Metabolic From stimulation of ubiquitine-mediated proteolysis, resulting in a

acidosis negative nitrogen balance, catabolism of branched-chain amino-acids,
muscle protein and suppress albumin synthesis”’

Abnormal Altered carbohydrate and lipid metabolism, insulin resistance and

hormone metabolic acidosis®

response
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@ causes:

Renal causes of malnutrition:

The kidneys are central to various metabolic processes, including the
recycling of amino-acids from small circulating peptides, the re-uptake of
glucose and the metabolism of waste products from the urea cycle. As renal
function decreases, the accumulation of waste compounds occurs, resulting in a
toxic concentration of potentially harmful substances. This state of uremic
intoxication, also known as uremia, is both detrimental to systemic
homeostasis and has detrimental consequences for more complex metabolic
processes such as appetite regulation and food intake.(165)(166)

Chronic low-grade inflammation:

Much research demonstrate chronic low-grade inflammation as a causal factor
of malnutrition in CKD(67), |t has been reported that inflammation is present in 30
to 50% of ESRD patients;(168) furthermore, inflammation is an important cause of
hypoalbuminaemia,(169 which is a risk factor for mortality in these
patients.(170171) |nflammation has been shown to decrease protein production and
to increase protein breakdown, resulting in a highly negative protein balance.(172)
Indeed, Stenvinkel et al. found markedly higher prevalence of inflammation in
patients with cardiovascular disease (CVD) and malnutrition terming this
commonly observed triad of concurrent complications as malnutrition,
inflammation and arteriosclerosis (MIA) syndrome,(168)173) and others have made
similar observations.(174)

Metabolic acidosis:

Metabolic acidosis is a common metabolic disturbance in CKD patients
that predispose to bone disease, altered protein metabolism, skeletal muscle

wasting, and progressive glomerular filtration rate loss.79 In addition, acidosis
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induces increased protein catabolism with degradation of the essential, branched-
chain amino acids and muscle protein.176) Moreover, metabolic acidosis is also
known to suppress synthesis of proteins such as albumin,@76 and low levels of
albumin as well as catabolism are strong predictors of mortality. Indeed,
metabolic acidosis, generally manifested by reduced serum bicarbonate levels,
is also correlated with increased mortality.@77)(78) |nterestingly, Kovesdy et al.
found that not only low levels of bicarbonate (<22 mmol/L) are associated
with mortality, but also high levels (=29 mmol/L)279),

Dialysis treatment:

Dialysis treatment has undoubtedly prolonged CKD patients” lifespan and
improved uremic intoxication commonly found in pre-dialysis patients.
However, these benefits come with potential side-effects. A detailed review of
the literature(89 have shown that PD therapy induces a decreased turnover
rates and a reduced efficiency of protein turnover. This condition is especially
harmful under stress as nutrient intake may be insufficient especially during
superimposed catabolic illnesses.(180) In HD patients, many factors that influence
protein metabolism predispose these patients to increased catabolism and loss of
lean body mass. It has been shown that the HD procedure in itself can induce
protein catabolism, these adverse effects are likely the result of decreased protein
production and increased protein breakdown.(@81)(182) |ndeed, low plasma amino
acid levels during HD sessions are thought to be one of the possible

explanations for increased catabolism.(182)
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Figure 23: Mechanism for the development of uraemic malnutrition in chronic kidney
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9.4.3 Consequences of malnutrition in CKD:

Malnutrition in dialysis is associated with high mortality.183) Indeed, the
annual mortality of hemodialysis malnourished patients is around 30% while it is
generally 10%. Note that in this population, overweight and obesity paradoxically
appear as a good prognostic factor.(184)

Finally, malnutrition can also further exacerbate declining renal function.
Firstly, due to a reduction in the renal blood (plasma) flow, GFR and urine
concentrating capacity of the residual function is further reduced as a
consequence of malnutrition. In addition, acid/base regulation and sodium balance

may be further impaired.(185
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Tools & methodsto create the application

The design& development of a Moroccan self-management application, for

nutrition in chronic kidney failure, have required many primary measures before the

realization step, notably building a work team, dividing tasks and evaluating the

feasibility of the project.

1. The work team selection:

i

The work team was formed during the 1st International Workshop on
Engineering and Innovation in Healthcare (WEITH’15), that took place on 2d
December 2015, in the faculty of sciences & technologies of Fez (FST).

By the end of the forum, the team was thereby, made of the following
members:

Professor and headmaster of nephrology department in the university
hospital Hassan 2 of fez.

I.T engineer and professor in the faculty of sciences &technologies of Fez.

The dietitian affected in nephrology department of Hassan 2 hospital.

Two engineering students in the FST of Fez.

And a medical student in the graduation phase, from the faculty of medicine
and pharmacy of Fez.

Several concertation meetings of the team, have been organized at the
nephrology department of Hassan 2 hospital, in order to set up a demarche
for the realization of the project. In fact, it was decided that the Smartphone
application will be developed according to the engineering approach

described by Denning@86), which follows the processes mentioned below:
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Design process
- Development /Encoding process
- Implementation/experimentation process

- Evaluation/Validation process

U The headmaster of nephrology department with the dietitian and the medical
student, were responsible for the application content & design, while the
engineering professor within the engineering students, formed the subgroup

in charge of encoding part of the project.

2. Design process:

2.1 Tools & methods for database collection:

U After numerous reunions of the team in charge of the application design, and
which took place over a period of 3 months, the preliminary content of the
application was developed based on:

The National Kidney Foundation (NKF) latest recommendations about GFR
estimation formulas, in addition to the latest published articles regarding
renal function assessment (61, 62, 63,64,65,66,67,68,69, 187,188,189).

The latest nutritional guidelines advised by (122 -> 156) :

- National Kidney Foundation, Disease Outcomes Quality Initiative (DOQI).

- National Agency for accreditation and healthcare evaluation (ANAES).

- European Society for Parenteral and Enteral Nutrition (ESPEN).

- European Best Practice Guidelines (EBPG).

- European Dialysis and Transplant Nurses Association/European Renal Care

Association EDTNA/ERCA.

MISS.GHAZZALI SALMA 111



?é Design and development of a mobile self-management application for patients with (CKD) thesis N: 224/16
L

General Repertory of Food (Repertoire general des aliments) 2d edition (editors
INRA editions), CNVA-CIQUAL (Lavoisier TEC/DOC), Table CIQUAL 2008
Website AFSSA.

The international dietary guide book for patients with kidney failure ( For
recipes).

The Design & content of nutrition mobile applications, developed in France
(Nutridial application by Sanofi france), and United States (KidneyAppetite
application by Sanofi renal U.S). (190,191)

Interactive website for food survey. (192)

2.2 Tools & methods for the application design:

U To carry up the design of the application, below the specific design tools were

used in this thesis project:

ArgoUML: Design software to creat diagrams UML, that itemizes the user’s
path on the application.

Enterprise Architect : Modeling and design software, to create the varied
interfaces of the application.

Adobe Photoshop CC 2014, and Microsoft paint 2015 : To create all the

pictures and frames essential for the application interfaces.

3. Development process:

U The development of the application was insured by the two engineering

students and supervized by the I.T professor, from the faculty of sciences &

technologies of Fez.Many other gatherings have allowed to harmonize the
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language and especially to study the technical feasibility and define the rules

&criterias that should be respected all along the application encoding:

- Accessibility: The user access into the app, should be ensured by a simple

search and download from Play Store, without constraint of location.

- Usability: the application modeling, should provide clear interfaces with an

easy way to navigate on the app and move from a section or menu to an other.

- Security: Confidentiality is a crucial criteria; all the users profiles, accounts

and personal informations, must be protected from any external intrusion.

- Personalization: Security rules should not, nontheless, prevent the user’s
doctor to make any personalized modifications in the “Dietary guidelines”
section. Free open space should be left for that matter. Meanwhile, privacy
settlement must not deprive the user from sharing his/her confidential data
with other users, either on the app, or throw any other social network.

U The development material used in this thesis project, is Android Studio. Which
is considered the offcial integrated development environment for Android

platform development. (193)

4. Implementation process:

U As far as the implementation of the application is concerned; assistance,
support and accompaniment of all professors, are sought, in order to
introduce the application to the rest of the medical staff particularly residents
and dietitians, on a hand, and to integrate it among users (Patients) on the
other hand. Which will require many training & education sessions?

U A special program of therapeutic education, for patients with CKD (ETP), has

been elaborated in nephrology department of Hassan 2 hospital. The program
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was the result of two thesis projects realized on 2012. The workshops take
place weekly on Wednesday where patients are taught many themes about
renal function, renal diseases, CKD management and nutrition in renal failure
with the eventual presence of dietitians. The workshops would be a convenient
opportunity for the implementation of the App, to form patients about its
several aspects and the way to use it.

U So as to facilitate the implementation of the platform even more, a video
tutorial will be integrated In the app as a use menu detailing the course of the

user on the app.

5. Experimentation &Validation process:

U All over a period of 3 to 6 months after implementation; professors, residents
and dietitians will be prompted to note periodically, their own remarks and
comments regarding any technical problem, thereafter discuss it during staffs
or by emailing.

U The application developers will be afterwards contacted for eventual
modifications.

U By the end of validation period, a survey might be conducted among both
medical staff and patients, in order to check all the application aspects, either

the technical, the practical or the conceptional one.
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Tools & methodsto assessthe need

In order to adapt more, our application to the users’ requirements, we needed
to study the target population, to assess their needs regarding the application, to
figure out the challenges and constraints faced by CKD patients, and to bring out
their own suggestions in matter of nutritional self-management in CKD. To achieve
those objectives, we opted for a survey methodology, to conduct among CKD

patients.

1. Type of the study:

It is a survey that studies a randomized sample among the concerned
population, conducted by the mean of a questionnaire as a data collection
technique, so as to improve the number and the accuracy of the survey’s related

responses.

2. Period of the study:

The survey was maintained during 3 successive months; all along the period

extending from the 1stJjuly 2016 to the 30t of September 2016.

3. The target population:

The survey has, as a target sample, every patient, adult or children, diagnosed

with chronic kidney disease. All CKD stages are included.
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3.1 Inclusion criteria:

It is included in this survey, all the adult and children patients with a
GFR<60mML/min/1.73m2  for over three months. Either followed-up, treated,

dialyzed or not

3.2 Exclusion criteria:

The only exclusion criteria from the survey, is the disagreement of the patient

himself to participate and reply on the questioning.

4. The sample collection:

The sample was collected in a random way, from the following healthcare

establishments:
- Nephrology department of the university hospital of Rabat; Avicenne.
- Pediatric department of Rabat’s university hospital.
- Hemodialysis Center of Agdal, Rabat.
- Basic healthcare centers located in Meknes city.

- Basic healthcare center of Lmhaya.

5. Number:
We could collect a sample of 100 patients with chronic kidney disease, ranged
as follows:
Adults:
- 56 chronically hemodialyzed patients.

- 11 patients with CKD stage 1.

MISS.GHAZZALI SALMA 116



%é Design and development of a mobile self-management application for patients with (CKD) thesis N: 224/16
L

- 6 patients with CKD stage 3.
- 4 patients with CKD stage 2.

Children:

- 9 patients with CKD stage 2.

- 11 patients on maintenance hemodialysis.

6. Data collection:

Throughout a methodical questioning, several parameters were evaluated.
The questionnaire consisted of three parts; there are questions about (i)
general personal information, (ii) dietary targets controlling and how it alters their
life quality and (iii) adherence to medical prescriptions. Questions about basic
personal information such as age, gender, education level and CKD stage, were
asked in the general personal information part. The second part consisted of
questions regarding the control of nutrition intakes; how the subjects manage their
daily requirements, whether it is difficult for them or not. The underlying reasons,
were also investigated. In the last part, medical compliance and subjects’
awareness of its importance were asked. (The questionnaire is included in the
Appendix)

- Age:

The age is an important parameter to define, since the dietary guidelines vary
according to the chronological age. Some factors and conditions are also influenced
by the age, such as the patients ability to self-manage their nutritional status, to use
the Smartphone and/or to learn about the application, further the desire to

ameliorate their life quality, the medical compliance...
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- Level of education:

The educational stage reflects the patient’s ability to handle his nutritional
treatment and how far he/she can manipulate the application. Moreover the faculty
of using the English version of the platform.

- CKD stage:

Likewise, the nutrients intakes differ from a stage to an other, whence the

necessity of defining the patient’s stage of disease.
- The know & the know-how:

The primary information to bring out through the survey, is the patients
knowledge about their daily dietary guidelines and the way to reach them. Further
their nutritional behavior when they cannot get at their dietary targets (restrictive or
excessive behavior), and during the several Moroccan occasions. How all this is
affecting their life quality is an other important condition to precise in this
investigation.

- Medical compliance:

Examining the patients adherence to their treatment, allows to assess the

need for a reminder system for medications.
- Personal suggestions:

Free space was left for patients, to give any useful opinion that could help to

meet the need
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1. Design process:

(See the detailed application design in appendices)

U Since the overriding benefit that the platform offers to its users is the “Self”
management; the ability to control daily intakes and select food items by them
selves, we hence chose “iSelect” as a name for the application.

U  With the intention of facilitating the user’s navigation on iSelect app, we opted
to devide all the options and services provided on the platform, into 3 main
menus. Each menu contains many other sections or submenus. Users could
easily move from a menu to an other by a simple click on the “Back” or “Home”

icons.
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1.1Personalize my profile:

Personalizing each user’s account, was an essential need to meet, since all the
following options depend on personal data that differs from a patient to an other.
The user is supposed to fill in a kind of form, based on his/her medical history,
received treatment ( on maintenance dialysis or not), and the latest blood analysis

results.
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1.2 My GFR calculator:

U The first function that iSelect provides, is defining the patient’s CKD stage, by
calculating the Glomerular filtration rate (GFR). In adult patients, the eGFR will
be estimated usingthe three formulas, previously mentioned (Cockcroft-Gault,
MDRD and CKD-EPI). Thereafter, the average of the 3 calculated values, will be
retained as the real value of GFR. While in children, the estimation of GFR wiill
be based only on Schwartz formula.

U The application displays, afterward, the obtained results within the CKD

related stage and the varied actions that should be followed in that stage.
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1.3 My dietary guidelines:

This menu allows to every patient with CKD, to be aware of his daily
nutritional requirements. A table of dietary guidelines for calories and the six key
nutritional values that affect kidney health (Phosphorus — Sodium - Calcium - Protein
— Potassium and Fluids), will be displayed in accordance with his/her eGFR
previously calculated and his blood tests results, noted on “Personalize my profile”
menu.

All dietary guidelines are available, for all CKD stages, for both adults and

children, with or without comorbidities (Hypertension, Diabetes).
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1.4 Grocery items:

Grocery items is an important and rich enough menu, to be considered one of
the great services provided on iSelect app; it is actually a huge catalog that
integrates all food items classified into 13 principal menus, each menu contains an
exhaustive list of foods. A simple click allows to display the varied amounts of
nutrients contained in 100mg of each product.

The users could select freely the food items they are about to consume. The
entire content of the chosen meal will be calculated and compared with the patient’s
requirements, in case of it exceeds the recommended guidelines, a warning
message will be displayed, yet patients could, however, validate the meal if they
want to.

All selected and validated meals will be recorded, so that patients could
consult them subsequently, or share them with other patients as well. Patients will

have also the option to track and monitor their intakes gradually all along the day.
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1.5 Recipes :

Moroccan meals are so diversified and marked by a large range of fruits,
vegetables and spices. They contain high amounts of lipids, proteins and minerals,
whence the difficulty of limiting dietary intakes in CKD patients. For that matter,
iSelect app affords a special catalog of the most famous and frequently consumed,
Moroccan recipes. Those recipes come along with micronutrients and mineral

contents, and could likewise be added to the daily pannier.
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1.6 My reports :

Monitoring the nutritional status of patients with CKD, is evidently one of the
leading aims of the application, in fact “My reports” menu has been specifically
designed to achieve that objective. It provides special graphics that show how
dietary intakes evolve over the past weeks. Thereby, any abnormal facts of over or

undernutrition could be detected.

Last 7 days Last month Last 3 manths Gpedeall 3 W el i) tlalle. gt

- W Wil e | o i, Y &

My reports menu (E.V) My reports menu (A.V)
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1.7 MCIS:

On top of self-management services provided on the app, iSelect offers

further option in matter of medical observation, in order to enhance polypharmacy

related problems. Medical Compliance Improver System(MCIS) is in fact,

an

electronic sonorous alarm that reminds patients of their medication schedule, that

patient should previously fill up in MCIS menu.
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1.8 Education tips:

Education tips menu is a space where users could learn more about their
chronic disease, many questions that might interest CKD patients are answered over

there, in a simplified way that could easily be apprehended by all cultural levels.
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1.9 Other functions:

i1

iSelect gives patients the further possibility to share their personal content
with other users of the platform by means of mini messages, or with doctors
and dietitians by email, or with any other person through social networks.

During special occasions, patients may compose any particular meal then
record it in “Events” menu. All registered meals could be consulted

subsequently.

2. Development process:

The majority of English version of iSelect application, have been effectively

developed by the work team in charge of the encoding part of the project. The

operating system chosen for the platform is Android. All privacy settlements,

accessibility and security rules were respected.

The development process gave birth to an easily usable application, with clear

interfaces and harmonized content.

The development of the Arabic version of the application is still in progress.
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2.1 Authentication pages:
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2.3 My GFR calculator:
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2.5 Grocery items:
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2.6 MCIS:
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3.Survey’s results:

U According to the questionnaire results, 90.9% of the interrogated adult
patients with CKD, strongly agreed to use the application, either the Arabic or
the English version.

U The main influencing factor among adult CKD patients, was the education
level; in fact 41.1% of the illiterate adult patients refused the English version of
the application, arguing that it will require more incorporation of the family
members, which is in conflict with the main objective of the application (self-

management).

Table 30: Distribution of adult patients with CKD according their education level

Adult CKD patients

Educated illiterate

60 17

Agreed Disagreed  Agreed Disagreed
60 0 10 7

Percentage of agreed patients among the total

Percentage of agreed patients among the

adults with CKD

m Disagreed

m Agreed

illiterate adults with CKD

m Disagreed

m Agreed
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U As regarding the questioned CKD children; 100% of them were eager to have
the app on their Smartphones, claiming that they’re ready to try any tool that
could improve their life quality. The children parents were the key inciting
factor.

U 7.21% of the total participants can’t use a Smartphone (either they ignore how
to use it or they can’t afford it).

U 20.26% of participants had already experience with other self-management

applications for CKD, but only 25% of them were satisfied.
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Currently, the use of cutting edge technologies and particularly Smart home
systems, has widely spread and became known to all of the world. In our country,
likewise, the penetration rate of Smartphones’ use is getting higher and higher
yearly. In fact, the national agency of regulation of telecommunications (ANRT) has
conducted at the beginning of 2016, an investigation about information &
communication technologies which underscored that 94.4% of Moroccan people (12
to 65 years old) have a mobile phone, and that 54.7% of them are users of
Smartphone. What is definitely encouraging is that 77.2% of those smartphone
users, access into the internet in order to download applications.

Meanwhile, the faculty of medicine & pharmacy of Fez, follows the current
national trends in matter of technologies. Indeed, in the last few years; lot of thesis
projects of innovative technologies, have been realized. Notably; in neurology where
many electronic systems have been created for syndromic diagnosis in neurology
(2013), for the topographic diagnosis of peripheral neurogenic damage of the upper
limb (2016), in addition to many interactive devices (CD ROM) for learning, self-
education and assessment. Further to Serious Games’ project which still in progress.

In parallel, the nephrology department brought forth; a social network for
nephrology in Fez-Bouleman region (2011). Therapeutic education tools for patients
in nephrology (2012). In addition to the E-Log book; a computer system for
residents in nephrology (2014).

Likewise, our thesis comes to sit in the bottom of these evolutions. As a
matter of fact, the major findings of this project and the interpretation of those
findings are discussed in this chapter:

- Firstly the findings from the entire experience of designing iSelect application:

Strong points of the app and its advantages of the platform in comparison

with other nutrition applications for CKD, developed in other countries.
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- Secondly, the different difficulties and challenges faced all along the

development of the platform.

- thereafter, findings from the questionnaire, the several facts from verbal

questions and answers will be discussed

- Then, how this application will impact both CKD patients and healthcare

providers.

- Lastly this chapter will be concluded by discussing points to improve in the

application, and the future work.

1. Strong points & advantages:

U First Moroccan nutrition management application for patients with chronic
kidney disease: This project is the first attempt to create a nutrition
self-management mobile phone based application for Moroccan people with
CKD. The menus’ content, food items, recipes and all the database in the
applications, were selected and brought from credible sources. As being the
unique of its kind in morocco, iSelect will have a strong welcome from
Moroccan CKD patients, especially that :

U iSelect has special Moroccan particularities, since the nutritional content is
adapted to Moroccan diet and eating habits, which are quite different from the
other countries’. We can observe this through the varied meals integrated in
the menu *“recipes”, but also through “Grocery items” menu, where all the
usual Moroccan food items are present. This Moroccan touch makes useless,
the nutrition applications for CKD available from other countries. Notably

applications developed by National kidney Foundation (MY Food Coach App -
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care after kidney transplant App — eGFR calculator App...), which are effective
in some general options, but yet have specific food menu that could not be
applied for all countries.(194)

U iSelect is “All in One”, it provides many options just on one plateform: A lot of
systems have been developed in matter of CKD management, but each system
was specifically designed to assure one or two particular functions. In other
words- and as it is the case for NKF applications- calculating the eGFR
requires downloading an application, nutrition self-management necessitates
having another application, likewise, enhancing medical observance calls for a
third application.(94 This fact of needing multitude of applications to ensure
CKD nutrition management, make it non practical for patients, and is the
reason why they break away from any related medical application.

U Language is the key to manipulate any system. In that regard, iSelect will be
available in two versions. We opted for English since it is an international
language and the most usable worldwide. iSelect could therefore have users
from different regions in the world. However, an Arabic version is inevitably
required, so as to make it accessible for all Moroccan patients despite of their
educational level.

This is an other strong point that privileges our application, compared with
the other applications limited to French or English languages.

U Usability is what characterizes, iSelect, the most. As the design shows; There’s
no place for complexities. Users could easily navigate on the app from a menu
to an other by simple few clicks. Interfaces are clear enough and make

patients directly in the objective.
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2. Difficulties & challenges:

Even though, the overall design of iSelect application is positive, some difficulties

were found as well. It can be summarized like below:

- The major challenge was to collect the database necessary for the
applications. As Moroccan diet is so rich and diversified, it was difficult to
collect all the large varieties of food items. This formed also an obstacle for
iISelect encoding, since the more database is big, the more it requires free
space on the app.

- The other difficulty found, is minimizing the information that could be
displayed on each single interface. Some submenus on the application contain
numerous informations and require then creation of more interfaces. In

particular “Grocery items” menu.

- The application affords the micronutrients amounts contained in each 100mg
of food product, which force users to weight food items all the time. This
challenge seemed to be inevitable even with the auto recognition of photos,
since in our Moroccan context; large ranges of size and weight does exist in

food items notably in fruits and vegetables.

- The language that we should’ve build the application with, was an other
challenge of the design process. As being the first foreign language in
morocco; french was by far the suitable language for the application. However,
with the intention of following the current Moroccan trends regarding
language, and giving our application an international feature, we lastly opted
for English as the official language of the App. Meanwhile, an Arabic version

will be developed in order to make it more accessible for patients.
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3. Finding from the questionnaire:

U All the participants answered that they want to have ’iselect’ application, and
that they were looking for such a programm. Except illiterate people who
can’t use Smartphone and could not have help from their relatives in this
matter (7 patients), in fact they have suggested to make iSelect app usable on
a normal phone.

U participants expressed that they want to try ‘iSelect’ for a longer period of
time to observe how their body react on the food items they consume.
Arguing that it would be very helpful for them to decide by themselves what
they’re about to eat.

U All the participants had no problem to weight food items. Their main concern

were the accessibility ( free application), and usability (ease to use).

4. |(Select application impact:

the use of iSelect application will be of great help not only for patients with
chronic kidney failure, but also for nephrologists, residents and dietitians, seeing
that it provides the possibility to control , monitor and assess the nutritional
management of CKD on a hand, and to educate patients on the other hand.

As concerning healthcare providers; this application would be a pertinent tool
to enhance the daily problems faced in the course of chronic kidney disease,
particularly those related to nutritional management. Indeed, during medical
consultations, doctors are supposed to educate CKD patients, convince them to
change their eating habits, and teach them how to control their daily dietary intakes.
Doctors have also the duty to inform patients about their CKD stage, their nutritional

guidelines and make them aware about the potential complications they may have
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later. And on top of all this, the doctors find it inescapable to propose a menu of
some recipes and meals, for their patients. Unfortunately all these constraints
require big efforts and take time, whence efficacy and outcomes are usually
compromised. While within iSelect application, it will be easier to deal with nutrition
management in CKD patients. Less effort and less time will be needed and better
outcomes will be obtained, since medical consultations will focus on one single
objective, is that of forming patients how to use the application, thereafter the

application will take over the rest.

As chronic kidney disease is a chronic condition that requires chronic nutrition
management and chronic follow-up, patients find it difficult to limit their food
choices every day in order to reduce the nutrients intakes. Moreover, Moroccan diet
make it even more hard for them to control protein and minerals inputs. iSelect
application could be then considered as a virtual electronic doctor or dietitian who
guides them all along the day in their diet. They will be able to make better food
choices while keeping their intakes in the recommended interval. In addition, iSelect
will be not only a self-management tool, but also a self-education mean, since it
gives access to a simplified support where patients could learn more about their
disease. Therefore, this application could significantly enhance outcomes in CKD
management, especially that it helps further patients to ameliorate medical
observation. And it is inescapable to note that the services offered by the platform
will evidently impact positively, patients’ quality of life, general health behavior and
patient’s beliefs about their illness.

iSelect does not uniquely impact doctors and patients, but either patient’s

family and relatives, who won’t be forced anymore to incorporate in each step of
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CKD management, since patients will self-manage their nutritional status by

themselves.

5. Points to improve & future work:

More food items
More food items are encouraged to be included. This thesis project focused on
the educational purpose of helping people with CKD to check by themselves
and encourage them to change their food habits, besides the database is
significantly huge. Therefore limited food items were included. However for the
practical use, it would be much better if more items can be included.

History function

This system can save up unlimited items but does not provide a
history function yet. The menu “My reports” that provide a history function to
compare a person’s diet on 1 week or more is going to be included in ‘iSelect’
application.

Include activity measure function

There are other factors which can influence CKD. Physical activity is one of
them. The function of tracing activities is also encouraged to incorporate.

Better way to measure food weight

Due to many constraints, the user of this system should weigh food items. If
there is a way to estimate the eight of the food item without scale, notably auto

photo recognition, it is recommended to be integrated into the application.
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One of the most redoubtable medical issues, that have been widely spread and
became known to all of the world, is that of Chronic kidney disease (CKD); this long-
term condition where kidneys do not work normally any more, effects a large
number of people whose diet should be adapted to their renal function, in order to
prevent the renal disease worsening, on a hand, and avoid undernourishment on the
other hand.

Throw “iSelect” application, we came to offer several services and options, to
allow this category of patients, a free food items selection, on their own. While being
reassured that it does correspond to their nutritional needs.

Using iSelect application in nephrology and particularly in nutritional
management of chronic kidney disease, means that we opt for an important and
practical system of monitoring, evaluation and education, but specially a system of
self-management in one of the greatest challenges in CKD treatment that is control
of nutrition status.

This platform which could be used in short or long term, privileges progress
rather than the final result. It allows self-disease control and authentic assessment.,
improves patients beliefs and health behavior, and evidently contributes in

enhancing patients’ education while living with CKD.
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[0

Abstract

Background

Chronic kidney disease (CKD) is a worldwide health problem, affecting millions
of people. It is defined as the presence of kidney damage with or without reduced
kidney function.

The pathophysiology of chronic renal failure has helped to highlight the
importance of dietary management of this disease, the fundamental role of
monitoring by a dietician has now been clearly established. Efforts have been made
to fully incorporate dietary intervention in the care of patients. It is no more about
protein restriction only, but a full nutritional support must be offered. If it is not the
case, patients with renal failure will be exposed to different nutritional risks. In fact,
the protein and energy malnutrition is common in patients with CKD, and it
increases with the function decline kidney. From where, development of new helpful
tools is formally recommended.

Material and methods:

After several concertation meetings of the work team, have been organized at
the nephrology department of Hassan 2 hospital, in order to set up a demarche for
the realization of the project. In fact, it was decided that the Smartphone application
will be developed according to the engineering approach described by Denning,
which follows the processes: Design process, development process, implementation
process and validation process.

In order to adapt more, our application to the users’ requirements, we needed
to study the target population, to assess their needs regarding the application, to
figure out the challenges and constraints faced by CKD patients, and to bring out

their own suggestions in matter of nutritional self-management in CKD. To achieve
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those objectives, we opted for a survey methodology, to conduct among CKD
patients.

Results:

The design of the platform iSelect, has led to 3 main menus. The first menu
contains 6 other submenus that allow to personalize the patient’s profile, to
estimate his/her GFR ,to afford daily dietary guidelines within nutrition reports, in
addition to a further option of improving medical compliance. The second main
menu gives access into inbox, share option, and education tips submenu where
patients could learn about CKD.

As for the third menu, it allows to track nutrient intakes all along the day, but
also to record any favorite recipe or meal that have been composed before.

Discussion:

iSelect application is the first nutrition self-management application for CKD
patients that is made in Morocco. It has a lot of advantages compared to other
similar platforms. In fact, it has many Moroccan particularities, it integrates several
options and services on one single platform and it will be available in to languages.

The main challenges faced during the realization of the project, were the huge
database that required more free interfaces and free space on the app, in addition to
minimizing the information displayed and the way to measure food weight.

However, iSelect app still a beneficial tool that impact positively, not only
patients and healthcare providers, but also patient’s family and relatives. It allows
enhancing life quality of patients and CKD management outcomes, with less efforts

and less time.
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RESUME

Introduction:

L’insuffisance rénale chronique (IRC) est un probléme de santé publique,
affectant des millions de personnes dans le monde entier. Il se définit comme étant
la dégradation progressive et irréversible de la fonction rénale. La physiopathologie
de l'insuffisance rénale chronique a permis de mettre en évidence l'importance de la
prise en charge diététique dans cette maladie, le réle fondamental de la surveillance
par un diététicien a été clairement établi. Des efforts ont été faits pour intégrer
pleinement l'intervention diététique dans la prise en charge des patients, en effet il
ne s’agit plus d’une simple restriction protéique seulement, mais tout un soutien
nutritionnel complet doit étre offert. Dans le cas contraire, les patients souffrant
d'insuffisance rénale chronique seront exposés a différents risques nutritionnels
dont la malnutrition proteino-énergetique qui est assez fréquente chez les patients
atteints d’IRC, et dont le risque augmente avec la dégradation de la fonction rénale.
Le développement de nouveaux outils et systemes pour améliorer la PEC
nutritionnelles est donc fortement recommandé.

Matériels et méthodes :

Apres plusieurs réunions de concertation de I'équipe de travail, qui ont été
organisé au service de néphrologie de I'hnépital Hassan 2, afin de mettre en place
une démarche pour la réalisation du projet, il a été décidé que Il'application
Smartphone sera développée selon I'approche d'ingénierie décrite par Denning, qui
suit 4 processus: processus de conception, processus de développement, le
processus d’implantation et le processus de validation.

Afin d'adapter encore plus, notre application aux besoins des utilisateurs,

nous avions besoin d'étudier la population cible, afin d'évaluer leurs besoins en ce
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qui concerne l'application, de comprendre les défis et les contraintes rencontrées
par cette catégorie de patients, et de faire ressortir leurs propres suggestions en ce
qui concerne I'autogestion du statut nutritionnel au cours de I’'IRC. Afin d’atteindre
ces objectifs, nous avons opté pour la réalisation d’un sondage chez les patients
atteints d'IRC.

Résultats :

La conception de la plate-forme iSelect, a mener a la création de 3 menus
principaux. Le premier menu contient 6 autres sous-menus qui permettent, de
personnaliser le profil du patient, d’estimer son débit de filtration glomérulaire,
d’informer le patient sur ses besoins nutritionnels quotidiens, de fournir des
rapports sur les repas choisis dans les jours précédents, mais également d’améliorer
I’observance médicale. Le second menu principal donne acces a la boite de
réception, a une option de partage des informations personnelles, et aussi a un
support éducatif ou les patients pourraient apprendre davantage sur leur maladie.

En ce qui concerne le troisieme menu, il permet de surveiller les apports
nutritionnels tout au long de la journée, mais aussi d'enregistrer toute recette ou
repas préféré qui ont déja été composées et validés avant.

Discussion :

I'applicationiSelect est la premiéere application d'autogestion de la nutrition
pour les patients atteints d'IRC, développée au Maroc. Elle présente beaucoup
d'avantages par rapport a d'autres plates-formes similaires. En fait, elle offres
plusieurs particularités marocaines, il intégre plusieurs options et services sur une
seule plate-forme et il sera disponible en 2 versions, anglaise et arabe.

Le principal défi rencontré au cours de la réalisation du projet, était I’énorme
base de données qui exigeait plus d’espace libre et la création de plus d’interfaces

sur l'application. Ajoutant a ceci le challenge de minimiser les informations qui
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peuvent étre affichées sur un seul interface, et la difficulté de faire un choix
d’alimentes , qui n’est pas basé sur la mesure de leur poids.

Mais tout de méme, iSelect reste un outil fiable qui a un impact positif, non
seulement sur les patients et les médecins, mais aussi sur la famille et les proches
du patient. Il permet d'améliorer le pronostic et la qualité de vie des patients avec

IRC, avec un minimum d'effort et un gain de temps.
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Design of iSelect application
(English version)




Application icon/logo
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Personalize my profile
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My eGFR calculator
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Result
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Result Result
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15 < eGFR <29 eGFR< 15

My eGFR Calculator

Result Result
eGFR equals to 12.38ml/min/1.73m?

eGFR equals to 25.18ml/min/1.73m?

Conclusion Conclusion
CKD Stage 4 CKD Stage 5
Action Action
Planning for endstage renal failure Replacement therapy with dialysis or
transplant
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My dietary guidelines

Adults = 18 years ; non diabetics, without HBP, kaliemie>5.5 mmol/l , phosphoremie>70mg/I

CKD Stage 1 (<60years) CKD Stage 1 (age = 60 years)

I‘\I Foo [ X
el o

My dietary guidelines

Proteins

0.7 - 0.8 gldoay

Sodium
Potassium

Calcium

Phosphorus
Fluids

Calories

= 2500 mafdone
1500-1600 mag/dony

1200 rmgfdony
600-1000 maldons

1500 mlfdony

=35 koal/dony

Ca

= P
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Proteins

0.7 - 0.8 gldoy

Sodium
Potassiurm

Calciurm

Phosphorus
Fluids

Calories

= 2500 mgfcony
1500-1600 ma/dony

1200 rmafdony
EOO-1000 mafdoney

1500 ooy

20-35 krcalfdony

T
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CKD Stage 2 (<60years) CKD Stage 2 (age = 60 years)

I D’ My dietary guidelines

'\/ My CKD stage guidelines

Proteins Q.7 - 0.8 gfdony Proteins Q.7 - 0.8 gfdony

Sodium = 2500 mg/dony Sodium < 2500 mgfdaons
Potassium 1500-1600 rmg/dony Potassiunm 1900-1600 ma/fdony
Calcium 1200 maldoney Calcivim 1200 maldony
Phosphorus GO0-1000 mgfdon Phosphorus GO0-1000 rmmafdon
Fluids 1500 milfdoney Fluids 1500 milicione
Calories =35 koalfdony Calories Z0-35 kroal/cony

= w [T v Ta w [T v

CKD Stage 3 (<60years) CKD Stage 3 (age = 60 years)

Proteins Q.7 - 0.8 aglfday Proteins o7 - 0.8 gfdony

Sodium = 2500 mafdongy Sodium < 2500 mualclony
Potassiurm 15C00-1600 ma/don Potossium 1500-1600 mafdons
Calciunmm 1200 mafdongsy Calcivim 1200 mafdong
Phosphorus GO0-1000 mmgfdon Phosphorus GOO-1000 mag/dony
Fluids 1500 mil/done Fluids 1500 mlfcione
Calories =35 koalfdony Calories 230-35 kroal/done
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Adults = 18 years ; non diabetics, without HBP, kaliemie>5.5 mmol/l, phosphoremie < 70mg/I|

CKD Stage 1 (<60years) CKD Stage 1 (age = 60 years)

Proteins O F — 0.8 aldoy Proteins Q.7 — 0.8 gfdony
Sodium < 2500 mafclony Sodium = 2500 madons
Potassium Potoassium

Calcium 1200 magldony Calcium 1200 maldons
Phosphorus Phosphorus

Fluicts 1500 milfdony Fluidls 1500 milfcicny
Calories =35 koal/dow Calories 20-35 koal/don

L) w [ [ vy far w [ v

CKD Stage 2 (<60years) CKD Stage 2 (age = 60 years)

Proteins Q.7 - 0.8 gidon Proteins Q.7 - 0.8 glfdons
Sodium = 2500 mafdaw Sodiurm <2500 maSdony
Potoassivmm Potassium

Calciurm 1200 rmgfdongy Calcium 1200 ma/dony
Phosphorus Phosphorus

Fluids 1500 mlfciony Fluicis 1500 ol fclony
Calories =35 kcalfdony Calories 30-35 koal/dony

i w [/ Vi = w [/ Vi



CKD Stage 3 (<60years) CKD Stage 3 (age = 60 years)

0.7 - 0.8 afdow

Proteins Proteins 0.7 - 0.8 glfdony

Sodium < 2500 mg/daw Sodiurm < 2500 mgfdony

Potassium

Calciurm 1200 rmgfdony Calcivmmm 1200 mafdony
Phosphorus GOO-10:00 ma/dony Phosphorus SO0 -1000 mgfdonsy
Fluids 1500 rml/dony Fluidls 1500 rrlfolony
Calories =35 kcalfdon Calories 30-35 koal/done
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CKD Stage 4 (<60years)

My dietary guidelines

25 <eGFR <29

CKD Stage 4 (age = 60 years)

‘/ My CKD stage guidelines

Proteins

0.7 - 0.8 aldoy

Proteins

Sodium
Potassium

Calcium

Phosphorus
Fluids

Calories

=< 2500 ma/dony
1500-1600 mag/dony

1200 mgfcony
EOO-1000 mafdon

1500 milfdons

=35 koal/donsy

o7 - 0.8 afdon

Sodiurm
Potassivim

Calciurm

Phosphorus

Fluids

Calorias

< 2900 mafdone
1500-1600 maldon

1200 maldony
GOO-1000 g clone

1500 oy

30-35 kcalldony
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15<eGFR <25

CKD Stage 4 (<60years) CKD Stage 4 (age = 60 years)

Proteins

Q.6 afdony

Proteins

.6 afdony

Sodiurm
Potassium

Calcivmm

Phosphorus
Fluids

Calories

= 2500 rmafcony
1500-1600 maldons

1200 g fclony
GOO-10:00 mafdony

1500 mlfdons

= 35 koal/doy

Sodium
Potassium

Calciurm

Phosphorus
Fluidls

Calories

< 2500 mag/dony
1500-1600 maldone

1200 g clony
GOO-1000 mafdony

1500 mmlfclony

30-35 koal/dony

wr

.
“ﬂ’ IIII- More

=

.
"ﬂ' IIII- More



CKD stage 5 (Non dialyzed)

CKD Stage 5 (<60years)

Rx2amE*
M s 5

My dietary guidelines

CKD Stage 5 (age = 60 years)

\/ My CKD stage guidelines

Proteins

06 gfclony

Proteins

b
.6 gfdony

Sodiurm
Potassium

Calcium

Phosphorus
Fluids

Calories

= 2500 rmmadcony
1500-1600 ma/don

1200 mafdony
EO0O-1000 maldone

1500 mil/done

= 35 bkoalidon

Sodiurm
Potassium

Calcivrm

Phosphorus
Fluids

Calories

< 2500 ma/dongy
1500-1600 ma/don

1200 mafdony
GOO-1000 g fcloney

1500 milfdony

30-35 kool fdony
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: .
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CKD stage 5 (dialyzed)

Hemodialysis

My dietary guidelines

Peritoneal dialysis

V/ My CKD stage guidelines

Proteins

1.2-1.4 afdony

Sodium
Potassium

Calciurm

Phosphorus
Fluidks

Calories

= 2500 mgldony
2O00-2500 maldongy

< 2000 mafdony
BOO0-1000 rmgfdonge

SO00-1000 mlfdony

35-40 kool dony

“a

- 80
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Proteins

1.2-1.5 a/dcny

Sodium
Potassium

Calciurm

Phosphorus
Fluids

Calories

= 2500 mag/dony
2000-2500 mgfdon
= 2000 rmgldong
BOO-1000 rmg/don
1500 -2000 m ooy

35-40 kool fdony
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Adults > 18 years ; diabetics, without HBP

Diabeties CKD Stage 1- 2 Diabeties CKD Stage 3- 4

Ry2a®*
ki @ s '

My dietary guidelines

My CKD stage guidelines

Proteins O0.6-0.8 glfdony

Proteins

Sodium <2300 mag/doy Sodium <2300 mg/dony

Potassium >4000 magfdoy Potassium <2400 mog/fdony

Calciurm 1200 ma/day Calcium 1200 ma/day

Phosphorus 1700 ma/doy Phosphorus 500-1000 ma/day

Fluids 1500 mil/dony Fluids 1500 mil/dow

Calories 30-35 kcal/dony Calories 30-35 koal/dony
86 = sae

" W {11 S _ W i %

Diabeties CKD Stage 5(non dialyzed) Diabeties Stage 5 (Hemodialysis)

Proteins 1.2-1.5 aldony Proteins 1.2-1.4 gfdony

sodium 400-1000 mg/don Sodium <2500 ma/daw
Potassium 2000-3000 ma/doy Potassium 2000-2500 mag/doy
Calcium <1500 ma/day Calcium <2000 mag/daoy
Phosphorus 800-1000 ma/day Phosphorus 800-1000 ma/daw
Fluids 1500 il clony Fluids S00-1000 milidon
Calories 35-40 kcal/day Calories 35-40 kcal/day

far w [T Ve Ca w ([ Vi



Diabeties Stage 5 (Peritoneal dialysis)

Proteins 1.2-1.5 g/doay

Sodium <2500 ma/day
Potassium 2000-2500 mg/doy
Calcium <2000 mag/lday

Phosphorus 800-1000 mg//doy
Fluids 1500 -2000 mil/don

Calories 35-40 koal/donw

= w [ [ vy

Adults > 18 years ; non diabetics, with HBP, kaliemie >5.5 mmol/Il, phosphoremie > 70 mg/|

HBP CKD Stage 1 (<60years) HBP CKD Stage 1 (age = 60 years)
I:I:?':“ I':l:»"f‘\.:u

My dietary guidelines My dietary guidelines

Proteins O.7-0.8 gfdony Proteins Q. 7-0.8 gfdony
Sodium 400-1000 mag/doy Sodium 400-1000 ma/day
Potassium 1500-1600 ma/day Potassium 1500-1600 mag/dony
Calcium 1200 mg/day Calcium 1200 mg/day
Phosphorus 600-1000 mag/fdoy Phosphorus GOO0-1000 ma/doy
Fluids 1500 ml/day Fluids 1500 mliday
Calories = 35kcal/dony Calories 30-35 koal/day

L ) w [T v L w [T v



HBP CKD Stage 2 (<60years)

PI."'*‘.‘-:‘:-i X
&

My dietary guidelines

HBP CKD Stage 2 (age = 60 years)

I'\I e W X
k& §F

My dietary guidelines

Proteins

0. 7-0.8 g/dony

Sodium

Potassiurm

A400-1000 mgldony

1500-1600 mg/dony

Calcium 1200 ma/dony

Phosphorus G600-1000 mgldoy

Fluids 1500 mlfdony

Calories = 35kcoalfdoyw

‘ b I-I s - . -
h_¢ I I More

HBP CKD Stage 3 (<60years)

IQ

Proteins

0. 7-0.8 afdony

Sodium
Potassium

Calciurm

Phosphorus
Fluids

Calories

A0O0-1000 mag/dony
1500-1600 mg/dony

1200 mag/donsy
GOO-1000 mg/dony

1500 milfdony

= 35kcal fdony

o

: .
‘*’ IIII- More

/ My CKD stage guidelines

Proteins

0. 7-0.8 g/doy

Sodium

Potassium

Calciurm

Phosphorus

Fluidls

Calories

4001000 maldony
1500-1600 ma/dony

1200 mgfdongy
GOO-1000 maldony

1500 milidony

30-35 kcoal/day

i

. .
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HBP CKD Stage 3 (age = 60

Proteins

0. 7-0.8 afdon

Sodium
Potassium

Calcium
Phosphorus

Fluidls

Calories

4001000 ma/dony
1500-1600 ma/don

1200 ma/dony
600-1000 maldony

1500 milfdone

30-35 koal/dony
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Adults > 18 years ; non diabetics, with HBP, kaliemie < 5.5 mmol/l, phosphoremie <70 mg/I|

HBP CKD Stage 1 (<60years) HBP CKD Stage 1 (age = 60 years)

PI F e X
el e N W

My dietary guidelines

/ My CKD stage guidelines

Proteins O.7-0.8 gfdony Proteins Q. 7-0.8 gfdony
Sodium 400-1000 mg/day Sodium 400-1000 mg/dony
Potossium Potassium

Calcium 1200 mg/day Calcium 1200 mg/day
Phosphorus Phosphorus

Fluids 1500 ml/doy Fluids 1500 ml/dony
Calories = 35kcal/doy Calories 30-35 koal/day

Ta w [T v = w [T Vi

HBP CKD Stage 2 (<60years) HBP CKD Stage 2 (age = 60 years)

Proteins O.7-0.8 gfdony Proteins Q. 7-0.8 gfdony
Sodium 400-1000 mg/day Sodium 400-1000 mg/dony
Potossium Potassium

Calcium 1200 ma/dony Calciurm 1200 mg/dony
Phosphorus Phosphorus

Fluids 1500 ml/day Fluids 1500 mliday
Calories = 35kcal/doy Calories 30-35 koal/day

o w [P Vit wr w [T v



HBP CKD Stage 3 (<60years) HBP CKD Stage 3 (age = 60

Rya@x 91 ou Riam:x
kil & " 1.d Kl & "

My dietary guidelines My dietary guidelines

/ My CKD stage guidelines

Proteins Q. 7-0.8 gl/dony Proteins Q. 7-0.8 gfdony
Sodium 400-1000 ma/day Sodium 400-1000 ma/dony
Potoassium Potassium

Calcium 1200 mag/dony Calciuim 1200 mg/day
Phosphorus 600-1000 ma/day Phosphorus GOO-1000 ma/doy
Fluids 1500 ml/day Fluids 1500 mliday
Calories = 35kcal/dony Calories 30-35 koal/day

= w [T v Ta w [T Vi



25<eGFR <29

HBP CKD Stage 4 (<60years)

Proteins

0.7-0.8 g/dany

Sodium

Potassium

A400-1000 mg/dany

1500-1600 mg/dony

Calcium 1200 mafdony

Phosphorus SO0-1000 mg/dony

Fluids 1500 mil/dony

Calories = 35koalfdony

* I.l AW - . -
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HBP CKD Stage 4 (age = 60

Proteins

0.7-0.8 g/dony

Sodium
Potossium

Calcium

Phosphorus
Fluids

Calories

A00-1000 ma/don
1500-1600 ma/don

1200 mig/dony
GOO-1000 mig/dony

1500 mlfcony

30-35 koalfdony

)

15<eGFR <25

HBP CKD Stage 4 (<60years)

: sae
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HBP CKD Stage 4 (age = 60 years)

Proteins

0.6 gfdcny

Proteins

Sodium
Potossium

Calciurm

Phosphorus
Fluids

Calories

A400-1000 mg/dony
1500-1600 maldow

1200 magfdony
GOO-1000 magfdony

1500 milfdowy

= 35 koal/dony

Sodium
Potossium

Calcium

Phosphorus
Fluids

Calories

A00-1000 ma/don
1500-1600 ma/don

1200 mig/dony
GOO-1000 mig/dony

1500 mlfcony

30-35 koalfdony
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CKD stage 5 (Non dialyzed)

HBP CKD Stage 5 (<60years) HBP CKD Stage 5 (age = 60

PI T3 AT o l'\l = [l X
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My dietary guidelines My dietary guidelines

\/ My CKD stage guidelines / My CKD stage guidelines

Proteins 0.6 gfdaoy Proteins

Sodium 400-1000 mg/day Sodium 400-1000 mg/dony
Potassium 1500-1600 ma/dony Potassium 1500-1600 mag/don
Calcium 1200 mag/day Calcium 1200 mg/day
Phosphorus 600-1000 ma/dony Phosphorus 600-1000 ma/dony
Fluids 1500 milfdony Fluids 1500 mlidan
Calories = 35 koal/dony Calories 30-35 koal/day

® W [T iy ® W [T iy

CKD stage 5 (dialyzed)
HBP Hemodialysis HBP Peritoneal dialysis

Proteins 1.2-1.4 g/fdcny Proteins 1.2-1.5 a/dony

Sodium 400-1000 mg/doy Sodium 400-1000 mag/day
Potassium 2000-2500 mg/don Potassium 2000-2500 mg/doy
Calcium < 2000 ma/day Calcium <2000 ma/day
Phosphorus 800-1000 mg/doy Phosphorus 800-1000 ma/doy
Fluids 500-1000 mil/doy Fluids 1500-2000 milfdon
Calories 35-40 kcal/day Calories 35-40 koal/dony

® W [T ® W [T



Adults > 18 years ; diabetics, with HBP

Diab+HBP CKD Stage 1- 2

Proteins

Sodium
Potassium

Calcium

Phosphorus
Fluids

Calories

4001000 ma/dong
=4 000 migclongy

1200 maldony
1700 maldony

1500 mlfdone

30-35 koal/dony

-

Diab+HBP CKD Stage 5(non dialyzed)

Proteins

1.3-1.5 g/dony

. Aidd P
* Illll More

Diab+HBP CKD Stage 3- 4

Proteins

0.6-0.8 g/doy

Sodium

Potassium

4001000 mgldony

2400 mmugfdongy

Calcium 1200 mag/doy
Phosphorus BO0O-1000 ma/doy
Fluids 1500 milfdony
Calories 30-35 kcal/doy

wr

.
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Diab+HBP Stage 5 (Hemodialysis)

Sodium
Potoassium

Calcium

Phosphorus
Fluids

Calories

4001000 mg/don
2000-3000 mag/doy

= 1500 mg/dony
SO00-1000 maldony

1500 mil/dony

235-40 koal/dony

Proteins

1.2-1.4 gidcny

Sodium
Potassium

Calcium

Phosphorus
Fluids

Colories

400-1000 madaw
Z2000-2500 ma/dony

= 2000 rmgldony
S00-1000 ma/dony

S00-1000 mil/dow

35-40 koal/don

£
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Diab+HBP Stage 5 (Peritoneal dialysis)

Proteins 1.3-1.5 g/dony
Sodium 400-1000 mg/doy
Potossium 2000-2500 malday
Calcium <2000 mg/day
Phosphorus BOO0-1000 mg/day
Fluids 1530:0-2000 milidony
Calories 35-40 kool /doy
SE
* '*' Illl. More
Children (< 18 years)
0-6months (pre-dialysis normal 0-6months (pre-dialysis
phosphorus) high phosphorus)

Pl."*::b'-'! Pl-a:::u. X
i & 7 W |4 e 5 e

My dietary guidelines My dietary guidelines

Proteins Proteins

Sodium 120 mag/fdony Sodium 120 ma/dan
Potassium 400 mgidony Potassium 400 mag/don
Calcium <4220 mgfdony Calcium <4220 mag/fdony
Phosphorus =100 mgfdlongy Phosphorus £ 80 magfdon
Fluids TOO milfdony Fluids TOO ml/day
Calories 49 koal/don Calories 49 kcal/day

wr w [P Vit Tan w [ Vi



0-6months (hemodialysis, high
phosphorus)

0-6months (hemodialysis, normal

phosphorus)

Proteins Proteins 1.2 gfdcny
Sodium 120 mag/daoy Sodium 120 ma/day
Potassium 400 ma/ldon Potassium 400 magfdon
Calciumm =420 mg/dony Calcium =420 mgldony
Phosphorus = 100 mgldony Phosphorus = 80 mgdony
Fluids TOO mlidon Fluids 700 ml/day
Calories 49 koalf/doy Calories 49 kool /dony

Ca w [T = w i e

0-6months (peritoneal dialysis, normal 0-6months (peritoneal dialysis, high
phosphorus) phosphorus)

I'.\lﬂf.‘.:‘:-. ¥
Kl ¥

My dietary guidelines

Proteins 1.3-1.4 g/doy Proteins 1.3-1.4 g/dony
Sodium 120 mg/dony Sodium 120 mg/dony
Potassium 400 mg/day Potassium 400 mg/day
Calcium =420 mag/dony Calciurm =420 mgfdony
Phosphorus £ 100 g /fclongy Phosphorus = 80 mgfdon
Fluids 700 milfdon Fluids TOO mil/do
Calories 49 koalldony Calories 49 kcal/dony

= w [/ Vi & w [T Ve



7-12 months (pre-dialysis, normal 7-12 months (pre-dialysis, high
phosphorus) phosphorus)

I'\I M
Kl v W

My dietary guidelines

Proteins

Proteins 0. 73 gfdony

Sodium 370 ma/ldony Sodium 370 maldony
Potassium TOO ma/dony Potassium FOOo maldoy
Calciurm <540 ma/dony Calcium <540 mglday
Phosphorus £ 275 magldoy Phosphorus = 220 mag/doy
Fluids 800 milfdon Fluids 800 mlfdony
Calories 45 koalidoy Calories 45 kcal/daoy

=_ W i %es _ W [T Vo

More

7-12 months (hemodialysis, high
phosphorus)

7-12 months (hemodialysis, normal
phosphorus)

Proteins

Proteins

Sodium 370 mgfdone Sodium 370 magidone
Potossium TOO maldony Potassium FOO ma/dony
Calcium =540 magldony Calcium =540 ma/don
Phosphorus < 275 mag/lfdony Phosphorus = 220 ma/dony
Fluids 800 milidony Fluids 800 milfdony
Calories 45 kool fdony Calories 45 kool fdony

=" W [ [P vy - w [T, Ve



7-12 months (peritoneal dialysis, high
phosphorus)

7-12 months (peritoneal dialysis, normal
phosphorus)

Proteins

1.0-1.1 g/dony

Proteins

1.0-1.1 gfdony

Sodium 370 ma/dony Sodium 370 ma/doy

Potassium FOO maiday Potassium 700 ma/dony

Calcivrm =540 mgfdone Calciurm £540 mag/dony
Phosphorus £ 275 mag/dony Phosphorus = 220 mg/dony
Fluids 800 ml/don Fluids 500 milfdony
Calorias 45 koal/dony Calories 45 koal/day
L P c I 588
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1 to 3 years : Girls ( see boys in the other document)

1-3 years (pre-dialysis; high
phosphorus)

1-3 years (pre-dialysis; normal
phosphorus)

My dietary guidelines L) e 5 e

\/ My CKD st ideli
\/ My CKD stage guidelines Y stage guidetines

;%\ 7\

: y
et e g

0.5 aldony

Proteins

Proteins

Sodium 10001500 magfdony

Sodium 10001500 mg/don

Potassium

Calcium

Phosphorus
Fluids

Caolories

3000 mg/don

21000 mg/dony
£ 460 mg/dony

1200 mil/dony

46 koal/dony

@

P
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Potassium

Calcium

Phosphorus
Fluids

Calories

3000 mafdone

21000 rmugfdongy
= 370 maldony

1200 milidony

46 kool /dony

=

.
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1-3 years (hemodialysis; normal 1-3 years (hemodialysis; high
phosphorus) phosphorus)

Proteins 0.7 aldony Proteins 0.7 gldony

Sodium 1000-1500 ma/doy Sodium 1000-1500 mg/dony
Potossium 3000 mag/don Potossium 3000 ma/dow
Calciurm =10:00 mgfcone Calciurm 21000 rvgfdony
Phosphorus = 460 mgfdony Phosphorus = 370 maldon
Fluids 1300 ml/day Fluids 1300 mil/day
Calories 46 hoal/doy Calorias 46 koal/doy

L ) w ([ Vi - w ([ vy

1-3 years (peritoneal dialysis; high
phosphorus)

1-3 years (peritoneal dialysis; normal
phosbhorus)

My dietary guidelines

V/ My CKD stage guidelines

, by /|
B LT e L

Proteins 0.9 gidony Proteins 0.9 gfdoy

Sodium 1000-1500 ma/day Sodium 1000-1500 ma/day
Potassium 3000 mag/doy Potassium 2000 mgldoy
Calcium 1000 mglday Calcium <1000 ma/don
Phosphorus = 460 ma/don Phosphorus £ 370 maldon
Fluids 1300 milfdony Fluids 1200 mil/dony
Calories 46 koal/dony Calories 46 koal/dony

=® W [P Vi ® W [T vy
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4 to 6 years : Girls ( see boys in the other document)




4-6 years (pre-dialysis, normal 4-6 years (pre-dialysis, high
phosphorus) phospbhorus)

My dietary guidelines

V/ My CKD stage guidelines
’I%\ / 2\
et e g

Proteins 0.5 gfdony Proteins 0.5 afdonsy

Sodium 1200-1900 ma/fdoy Sodium 1200-1900 ma/fdoy
Potassium 3800 mg/dony Potassium 3800 mag/dony
Calciurm 1600 mag/dony Calcium 1600 mgfciony
Phosphorus £ SO0 maldony Phosphorus = 400 magidon
Fluids 1700 milfdony Fluids 1700 ml/don
Calories 41 koal/dony Calories A1 kcalfdony

= w [T vy L w [T Vit

4-6 years (hemodialysis, normal 4-6 years (hemodialysis, high

IQ

phosphorus) phosphorus)

Proteins Q.7 aldony Proteins 0.7 alfdoy

Sodium 1200-1900 mag/fday Sodium 1200-1900 ma/dony
Potassium 3800 mag/ldony Potassium 3800 mg/dony
Calcium 21600 ma/dony Calcium 21600 mgfdony
Phosphorus = 500 mag/dony Phosphorus = 400 mag/dony
Fluids 1700 milfdony Fluids 1700 ml/day
Calories 41 koal/dony Calories 41 keal/doy

= w ([T vy - w [T Vi



4-6 years (peritoneal dialysis, normal 4-6 years (peritoneal dialysis, high
phosphorus) phosphorus)

PI I 1491 PI JF L= X
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My dietary guidelines My dietary guidelines

/ My CKD stage guidelines / My CKD stage guidelines
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Proteins 0.9 g/don Proteins 0.9 a/dcony

Sodium 1200-1900 mag/dony Sodium 1200-1200 ma/fdoy
Potassium 3800 mag/daoy Potassium 3800 mg/fdony

Calcium 21600 ma/don Calcium 21600 ma/don

Phosphorus = 500 ma/don Phosphorus = 400 ma/don

Fluids 1700 miliday Fluids 1700 milidany

Calories 41 kcalidon Calories 41 kcaliday

= w Ilh. :4:: = w Ilh. :r":i.-

7 to 10 years : Girls ( see boys in the other document)

7-10 years (predialysis, normal 7-10 years (predialysis, high
phosphorus) phosphorus)

Proteins .45 gfdony Proteins 0.45 gfdony

Sodium 1500-2200 mg/dony Sodium 15300-2200 mg/do
Potassium 4500 mag/doy Potassium 4500 ma/dony
Calciurm £2500 rmugfdony Calciurm =£2500 mafdony
Phosphorus £ 1250 mafdony Phosphorus = 1000 mug/dony
Fluids 2400 ml/dow Fluids 2400 milidony
Calories 32 kcal/day Calories 32 keoal/dow

® W ([T Vi ®_ W ([T Vi



7-10 years (hemodialysis, normal

phosphorus)

Proteins

Sodium
Potassium

Calcium

Phosphorus
Fluidks

Calories

1500-2200 maldon
4500 mag/day
=2500 magldony

£ 1250 mag/dony
2400 ml/dony

32 kcal/dony

=

7-10 years (peritoneal dialysis, normal

-
w IIII- More

phosphorus)

I'.\I.--'::b- x
Kl v

7-10 years (hemodialysis, high

phosphorus)

Proteins

0.6 g/doy

Sodium
Potossium

Calcium
Phosphorus

Fluids

Calories

150:0-2200 mugfdong
4500 mgfdony

=£2500 maldony
= 1000 maldongy

2400 milidony

32 koalfdoy

=

-
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7-10 years (peritoneal dialysis, high

phosphorus)

RZF0>

My dietary guidelines

My dietary guidelines

/ My CKD stage guidelines V/ My CKD stage guidelines

P\ | -’%\‘
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0.8 g/fdony

Proteins Proteins

0.8 gldony

Sodium 1500-2200 mag/don Sodium 15300-2200 mag/dony

Potassium 4500 ma/ldoy Potassium 4500 mag/dony

Calcium <2500 mgfdon Calciurm =£2500 mgfdone
Phosphorus £ 1250 mg/don Phosphorus = 1000 ma/dony
Fluids 2400 milfdony Fluids 2400 milidony
Calories 32 koal/doy Calories 32 keal/doy

= w [T vhs Tan w [ Vi



11-14 years (predialysis, normal 11-14 years (predialysis, high
phosphorus) GIRLS phosphorus)

Proteins 0.45 g/dony Proteins 0.45 gfdony

Sodium 1500-2200 mg/doy Sodium 1500-2200 ma/doy
Potassium 4500 mag/doy Potassium 4500 mag/doy
Calciurm <2500 mg/fdone Calciurm =£2500 mgfdone
Phosphorus = 1250 ma/doy Phosphorus = 1000 ma/dony
Fluids 2400 mlidony Fluids 2400 mlidony
Calories 21 kcal/dony Calorias 21 real/dony

far w [T Vi L w [T Vi

11-14 years (hemodialysis, normal 11-14 years (hemodialysis, high
phosphorus) phosphorus)

My dietary guidelines

J My CKD stage guidelines / My CKD stage guidelines

N\ N\
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Proteins 0.6 gldony Proteins 0.6 gfdony
Sodium 1500-2200 ma/day Sodium 1500-2200 mag/day
Potassium 4500 ma/dony Potassium 4500 ma/dony
Calciurm =2500 mgfdon Calciurm £2500 mg/don
Phosphorus = 1250 maldon Phosphorus = 1000 mg/dony
Fluids 2400 milidoy Fluids 2400 ml/doy
Calories 21 koal/don Calories 21 kcalidony

= w ([T v o w [T vhe



11-14 years (peritoneal dialysis, normal 11-14 years (peritoneal dialysis, high
phosphorus) phosphorus)

My dietary guidelines My dietary guidelines

V/ My CKD stage guidelines V/ My CKD stage guidelines
‘t!‘ h‘ ‘ =W i'\
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Proteins 0.8 gfdoy Proteins 0.8 g/dcay
Sodium 1500-2200 ma/doy Sodium 1500-2200 ma/day
Potassium 4500 madoy Potassium 4500 ma/doy
Calciurm =2500 mgfdone Calcium 22500 maldony
Phosphorus £ 1250 mag/don Phosphorus = 1000 mg/dony
Fluids 2400 ml/dony Fluids 2400 miidoy
Calories 21 kcal/dany Calories 21 kcal/dony

® W ([T vty ® W ([T vty

Boys
11-14 years (predialysis, normal 11-14 years (predialysis, high
phosphorus) phosphorus)

Proteins Proteins

Sodium 1500-2200 mg/doy Sodium 1500-2200 mag/don
Potassium 4500 mag/dony Potassium 4500 ma/doy
Calciurm £2500 mgfdone Calcium =2500 magldony
Phosphorus £ 1250 ma/dony Phosphorus £ 1000 mg/dony
Fluids 2400 mi/day Fluids 2400 ml/dony
Calories 25 kcal/dow Calories 25 kcal/donw
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11-14 years (hemodialysis, normal 11-14 years (hemodialysis, high
phosphorus) phosphorus)

Proteins L6 gldony Proteins 0.6 gldony

Sodium 1500-2200 mg/doy Sodium 1500-2200 ma/dony
Potassium 4500 mag/don Potassium 4500 ma/dony
Calcium £2500 mg/done Calcium 2500 mgfdon
Phosphorus = 1250 ma/dony Phosphorus £ 1000 maldony
Fluids 2400 ml/dony Fluids 2400 mil/dow
Calories 25 kcaliday Calories 25 kcal/dony

® W [T v ® W [T v

11-14 years (peritoneal dialysis, normal 11-14 years (peritoneal dialysis, high
phosphorus) phosphorus)

Proteins Proteins 0.8 g/dony

Sodium 1500-2200 ma/doy Sodium 1500-2200 ma/don
Potassium 4500 mgldony Potassium 4500 mgfdon
Calcium 2500 ma/dony Calcium <2500 mag/dany
Phosphorus = 1250 maldon Phosphorus = 1000 mgfdony
Fluids 2400 ml/dony Fluids 2400 milidan
Calories 25 kcal/doy Calories 25 kcal/dony
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15-18 years (predialysis, normal
phosphorus)

Proteins

.4 gfdony

Sodium

Potassium

1500-2300 mag/fdony

ATO0 mgdony

Calciurm 22500 mgldony
Phosphorus = 1250 mgfdony
Fluids 32300 mil/donsy
Calories 18 kool fidony
. I P .Ee
ﬁ - I I More

15-18 years (hemodialysis, normal

Proteins

phosphorus)

0.5 gfdoay

Sodium
Potassium

Calcium

Phosphorus
Fluids

Calories

1500-2300 ma/dony
AT 00 mg/fdony

£2500 mg/dony
= 1250 mg/dony

3300 mlfdony

18 kcal/dony

wr
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Girls

15-18 years (predialysis, high

phosphorus)

Proteins

0.4 gldony

Sodium

Potassium

1500-2300 mug/dony

A7 00 rmgfdony

Calciurm £2500 mg/dong
Phosphorus = 1000 mgidony
Fluids 3300 mil/dony
Calories 18 koal/dony
. I hhh 88
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15-18 years (hemodialysis, high

phosphorus)

Proteins

0.5 gfday

Sodium
Potassium

Calcium

Phosphorus
Fluids

Calories

1500-2300 magfdony
AT OO0 mgfdony

22500 mg/dony
= 1000 maldoney

22300 milSdony

18 kcal/dony

=

w Iiis.
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15-18 years (peritoneal dialysis, normal
phosphorus)

Proteins

0.6-0.7 gldony

Sodiurm
Potassium

Calciurm

Phosphorus
Fluids

Calories

150:0-2300 mafdony
ATO00 maldony
=2500 mag/don

£ 1250 mag/dony

32300 milSdony

18 kool /dony

=
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15-18 years (predialysis, normal
phosphorus)

15-18 years (peritoneal dialysis, high

phosphorus)

Proteins

0.6-0.7 al/dow

Sodium
Potassium

Calciurm

Phosphorus
Fluids

Calories

1500-2300 maldony
4700 mag/don
22500 mg/dong

= 1000 mg/dony
3300 mil/dony

18 krcal/dony

o

Boys

w
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15-18 years (predialysis, high

phosphorus)

My dietary guidelines

Proteins

Sodium
Potassium

Calcium

Phosphorus
Fluids

Calories

1500-2300 mg/dony
4700 ma/dony

22500 mg/fdony
£ 1250 mg/dony

3300 milfdony

20 kool fdony

=
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/ My CKD stage guidelines
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Proteins

Sodium
Potassium

Calcium

Phosphorus
Fluids

Calories

1500-2300 mg/dony
AT 00 mgfdon

£2500 mg/dony
= 1000 mgfdony

2300 mil/dony

20 kool fdony
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15-18 years (hemodialysis, normal 15-18 years (hemodialysis, high
phosphorus) phosphorus)

My dietary guidelines My dietary guidelines
/ My CKD stage guidelines V/ My CKD stage guidelines
e -
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Proteins 0.6 gldony Proteins 0.6 gfdony

Sodium 1500-2300 mag/day Sodium 1500-2300 mag/day
Potassium 4700 mgfdony Potassium AT 00 mgfdony
Calcium 2500 mgldony Calcium =2500 mg/dony
Phosphorus £ 1250 mgfdon Phosphorus = 1000 maldony
Fluids 3300 ml/don Fluids 3300 mlfdoy
Calorias 20 koalfdony Calorias 20 koalfdoy

£ w i e Ta w [T

15-18 years (peritoneal dialysis, normal 15-18 years (peritoneal dialysis, high
phosphorus) phosphorus)

Proteins 0.6-0.7 gldoy Proteins 0.6-0.7 alday
Sodium 1500-2300 mg/day Sodium 1500-2300 mag/day
Potassium 4700 mg/doy Potassium 4700 magiday
Calcium =2500 mug/dony Calciurm =2500 mag/dony
Phosphorus £ 1250 ma/doy Phosphorus = 1000 mg/dony
Fluids 3300 mlfday Fluids 3300 mlfdoy
Calories 20 kcal/day Calories 20 kcalf/day
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Left for the Doctor recommendations

T
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Proteins

Sodium
Potassium

Calcium

Phosphorus
Fluids

Calories

® W liii!

L N N
More

Proteins

Sodium
Potassiurm

Calciurm

Phosphorus
Fluidls

Calories
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\/ My CKD stage guidelines

o

Proteins

Sodium
Potossivum

Calciurm

Phosphorus
Fluics

Calories

Proteins

Sodium
Potassium

Calcium

Phosphorus
Fluids

Calories

_ W [

2 8 8
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Proteins

Sodium
Potassivmm

Calciurm

Phosphorus
Fluids

Calories
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Grocery items
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Grocery Iltems = Grocery Items

Giblets & ;
X =
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Grocery Iltems

Apples @ Pears
@ Apricots @ Pomelo
1 Close & cancel
Avocado o Strawberies ““ How many 7
@ Bananas
@ Grapes :

i

@ Oranges
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RXZE

Grocery Items

RXZE

Grocery Items

D)

Close & cancel

How many 7

Y ou have exceeded your

o5 =

daily Calcium intake!
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Recipes

Recipes

B WA
Couscous with veal * O

T e |

Lentils + ©
[ R ol i el el W |
Rfissa with chicken 4 O

T |

Pastilla with chicken + 0O
A I |
Chicken baldi 4+ O

Recipe l Composition

® W liii!
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L
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Recipes

Hargma [calf’s foot with chick-peas)

Ingredient: 6 to 8 persons

1 calf's foot cut into pieces

250¢g chick-peas (scaked overnight)
1 big onion

10garlic cloves

Salt

¥: teaspoon pepper

¥z teaspoon ginger

some saffron

¥: teaspoon cinpamon,

¥ teaspoon papfika

1 bunch parsleyand coriander
Water

Awhite and clean cloth

250g wheat seeds
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My reports

I il My reports

Last 7 days Last month Last 3 months




MCIS

(ﬁﬁ. Nutrientintake is controlled —— rﬁﬁl Mutrient intake is controled —
I I
Medication compliance improver system Medication compliance improver system
v Add a medicine v Add a medicine
Name Name
Cotegory v Cotegory v
§ 1 £ Oral antidiabetic
G G I Antihypertensive
Other

+ |+ + o+ + |+
Schedule 00:00 Schedule 00:00 00:00

Time1 Time1 Time 2
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f@\% Nutrient intele is controlled

fﬁﬁc Mutrient intoke s contrelled |

Medication compliance improver system

v Add a medicine

Nan Add a Dietary supplement

Cotegory -
frequency 1

+ o+
Schedule 00:00

Time1

Yoy w liil! il

Medication compliance improver system

v Add a medicine

Name
Cotegory v
Potassium
frequency 1 Sodium
dose Mg/Day
LT X K
- w [T iy
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15 <eGFR<29 eGFR< 15
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Adults = 18 years ; non diabetics, without HBP, kaliemie>5.5 mmol/l , phosphoremie>70mg/I

CKD Stage 1 (<60years) CKD Stage 1 (age= 60 years)

-.’_ 3

sl B £0.8-0.7 gl psdl A E0.8-07 gl
asdll G &a <2500 ps gl a5l & &a <2500 89l

a5l b 441600 — 1500 psaualli sl a5l 8 &a 1600 — 1500 pssmalisd)
poll 8 £ 1200 pssaalsl) ol B & 1200 pssalsl)
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CKD Stage 2 (<60years) CKD Stage 2 (age= 60 years)

asd A€ 0.8-0.7 i g pal) asdl A€ 0.8-0.7 iyl

asll B e <2500 g2 gl a5l 8 &a <2500 g gl

psl & & 1600 — 1500 ol gl psd) 4 £41600 - 1500 popmisl
poll (A &a 1200 popads) ol (A e 1200 poslll

sl b &e 1000 - 600 sk gl asdl b &a 1000 - 600 sk gl
psdl) 8 Ja 1500 il geall sl 8 Ja 1500 i gl
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CKD Stage 3 (<60years) CKD Stage 3 (age= 60 years)

psll b £0.8-0.7 gyl ps A E0.8-07 ]

podll A &a <2500 pomagall podl A fa <2500 poaigall

psall 8 e 1600 — 1500 popmlisd) psdll 8 ke 1600 — 1500 pgeli gl
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asdl) 3 £41000 - 600 s gdl) asdl 3 341000 - 600 Bl
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Adults = 18 years ; non diabetics, without HBP, kaliemie<5.5 mmol/l, phosphoremie< 70mg/I

CKD Stage 1 (<60years) CKD Stage 1 (age= 60 years)
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CKD Stage 2 (<60years) CKD Stage 2 (age= 60 years)
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CKD Stage 3 (<60years)
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CKD Stage 4 (<60years)

CKD Stage 4 (age= 60 years)
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CKD stage 5 (Non dialyzed)

CKD Stage 5 (<60years)
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Adults > 18 years ; diabetics, without HBP

DiabetiesCKD Stage 1- 2 Diabeties CKD Stage 3- 4
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Diabeties Stage 5 (Peritonealdialysis)
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Adults > 18 years ; non diabetics, with HBP, kaliemie>5.5 mmol/l, phosphoremie> 70 mg/I

HBPCKD Stage 1 (<60years) HBP CKD Stage 1 (age = 60 years)
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HBP CKD Stage 2 (<60years) HBP CKD Stage 2 (age = 60 years)
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HBP CKD Stage 3 (<60years) HBP CKD Stage 3 (age = 60
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Adults > 18 years ; non diabetics, with HBP, kaliemie< 5.5 mmol/|l, phosphoremie<70 mg/I

HBPCKD Stage 1 (<60years)
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HBP CKD Stage 2 (<60years)

HBP CKD Stage 1 (age = 60 years)
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HBP CKD Stage 2 (age = 60 years)
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HBP CKD Stage 3 (<60years) HBP CKD Stage 3 (age = 60
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25 <eGFR< 29

HBP CKD Stage 4 (<60years) HBP CKD Stage 4 (age > 60
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CKD stage 5 (Non dialyzed)

HBP CKD Stage 5 (<60years) HBP CKD Stage 5 (age = 60
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CKD stage 5 (dialyzed)
HBPHemodialysis HBP Peritonealdialysis
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Adults > 18 years ; diabetics, with HBP

Diab+HBPCKD Stage 1- 2 Diab+HBP CKD Stage 3- 4
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Diab+HBP CKD Stage 5(non dialyzed) Diab+HBPStage 5 (Hemodialysis)
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Diab+HBP Stage 5 (Peritoneal dialysis)
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Children (< 18 years)

0-6months (pre-dialysis normal 0-6months (pre-dialysis
phosphorus) high phosphorus)
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0-6months (hemodialysis, normal 0-6months (hemodialysis, high
phosphorus) phosphorus)
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0-6months (peritoneal dialysis, normal 0-6months (peritoneal dialysis, high
phosphorus) phosphorus)
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7-12 months (pre-dialysis, normal

phosphorus)
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7-12 months (hemodialysis, normal

phosphorus)

7-12 months (pre-dialysis, high

phosphorus)
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7-12 months (hemodialysis, high

phosphorus)
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7-12 months (peritoneal dialysis, normal

phosphorus)

7-12 months (peritoneal dialysis, high
phosphorus)
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1 to 3 years : Girls ( see boys in the other document)
1-3 years (pre-dialysis; high
phosphorus)

1-3 years (pre-dialysis; normal
phosphorus)
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1-3 years (hemodialysis; normal 1-3 years (hemodialysis; high
phosphorus) phosphorus)
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1-3 years (peritoneal dialysis; high

1-3 years (peritoneal dialysis; normal
phosphorus)

nhosnhorus)

sl 4 £0.9 i gl oo 4 £0.9 cliip )

asll & 41500 - 1000 Al asll 8 241500 - 1000 pssagall
psll o 43000 pssalisll psll 4 £3000 pomalisall

psll o £451000 pgalsl) psll o8 45 1000 o

psl b a< 460 ghansil) poall o <370 ST

poll 42 J21300 gl pol 2 J41300 il gl

asll 3 IS dg6 LAl il ) sl Bl dag LAl clrad)

ees il Y - A ([

550

4 to 6 years : Girls ( see boys in the other document)




4-6 years (pre-dialysis, normal
phosphorus)
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4-6 years (hemodialysis, normal
phosphorus)
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4-6 years (hemodialysis, high
phosphorus)
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4-6 years (peritoneal dialysis, normal 4-6 years (peritoneal dialysis, high
phosphorus) phosphorus)
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7 to 10 years : Girls ( see boys in the other document)

7-10 years (predialysis, normal 7-10 years (predialysis, high
phosphorus) phosphorus)
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7-10 years (hemodialysis, normal 7-10 years (hemodialysis, high
phosphorus) phosphorus)
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Survey for a better nutritional management
in chronic kidney failure

Are you :

Male
Female

Adult (>15 years)
Child

Educated
Illiterate

Your CKD stage is :

Stage 1
Stage 2
Stage 3
Stage 4
Stage 5

o O O O O

Hemodialysis
Peritoneal dialysis

Do you find it difficult to follow the diet prescribed by your Nephrologist ?

o Alot
o Alittle bit
o Not really

At the end of the day, do you come to reach your nutritional goals ?

o Often
o Rarely, | get lost

What is your nutritional behavior, on Moroccan special occasions ( Ramadan, Adha feast, marriage
ceremonies...)?

o | keep following my diet
o llose control

Does those difficulties affect your life quality and well-being ?

o Yes
o No



What do you do when you can’t manage your intakes according to your Doctor’s recommendations ?

o |let down the diet
o | keep trying
o |see my Doctor/Dietitian

Do you take any pharmaceuticals ?

o Yes (>2 drugs)
o Less

Do you often forget your drugs schedule?

o Yes
o Some times
o Never

Do you see that the creation of a self-nutritional-manage tool would be very helpful ?

o Absolutely
o | can manage on my own

If this tool could help you further, to remember taking your medicines, would you be ready to apply it ?

o YesI’min
o |lwould try to
o No

Leave here please your own comments or propositions:
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COMPOSITION DE CERTAINS PRODUITS EN COMPLEMENT A LA TABLE DE COMPOSITION DES ALIMENTS

PRODUITS

PROTIDES| LIPIDES |GLUCIDES

Na | K | Ca

en g/100g ou g/100 mL suivant état

en mg pour 100 g

OBSERVATIONS
COMPLEMENTAIRES

Lait sec écrémé non sucré (Régilait) 35,5 0,8 51,7 1200 2 000 1500 Sans saccharose
Lait croissance nature (Candia) 2,7 2,7 6,8 39 138 115 Fer=1,4mg
Lait Matin léger 1/2 écrémé (Lactel) 32 1,5 4.8 40 120 Lactose<0,5g
Lait sec DIARGAL (Gallia) 108 20,3 58.6 300 600 450 Sans lac“)ls: e
3. 0
s 1 s ichi en fer 4,4
Lait sec AL 110 (Nestlé) 14 25 55.5 170 600 450 | Sanslactose enrichi en fer 4.
mg/100 g
Lait sec O-LAC (Mead-Johnson) 11 28 56 160 570 430 Sans lactose reconstitué & 13%
Nesvital poudre (Nestl€) 87,2 1,8 <0,3 60 NC 1400 Protéines de lait
Protifar plus (Nutricia) 89 2 <1,5 NC NC NC Gofit neutre
Liprocil (Nestlé) - 100 - - - - 80 % T.CM. + A.G.E.
Caloreen (Nestlé) 0 0 95 40 NC NC Dextrine-Maltose
Pré o ins P
Céréal Instant (Fresenius) 88 12 813 0 150 500 reparation instantance pour
petit déjeuner
Clinutren poudre (Nestlé) 0 0 100 <200 NC Ne  |Bpaississant instantané & froid et
a chaud
Fleur de Mais (Maizena) 04 0,6 87 4 4 NC
Préparation de type farine pour pain et patisserie (Rite Diet) 03 03 90 8 26 NC Hypoprotidique sans gluten
Préparation de type Biscotte (Aproten) <1 6 86 <40 60 0 Hypoprotidique sans gluten
Pites a potage - spaghetti (Rite Diet) 0,5 1,5 85,5 < 100 <20 40 Hypoprotidique sans gluten
Préparation de type pain de mie tranché (Valpiform) 4,5 39 48,1 NC NC NC Sans gluten salé
Coquillettes (Schir) 9 2,5 73,6 100 _ _ Sans gluten
Légumes homogénéisés
Haricots verts (Guigoz) 1,8 0,8 93 56 123 50
Jardiniere de 1égumes (Guigoz) 1 0,5 9,8 130 113 19 Sans sel ajouté
Carottes (Guigoz) 0,6 0,2 6 35 214 27
Fruits homogénéisés
Compote homogénéisée pomme-coing(Blédina) 0,3 0,2 12,2 10 NC NC 10
Compote homogénéisée pommes-Bananes (Blédina) 0,3 0,3 14,3 10 NC NC 10
Compléments oraux
Parfum:vanille, chocolat,
Fortimel Extra (Nutricia) Contenance:200mL 10 53 15,6 50 200 270 moka, fraise, abricots, fruits de
la forét, neutre
arfum: ille, chocolat,
Fortimel sans lactose (Nutricia) Contenance:200mL 10 3,5 14,7 50 200 270 Parfum: vanille, chocola
moka,caramel
fum: vanille, chocolat,
Clinutren 1.5 (Nestlé) Contenance:200mL 55 10 21 80 170 80 Parfum: vanille, chocola
fraise, café, banane, abricot
vani colat, café,
Ressource 2.0 fibres (Fresenius) Contenance:200mL 4,5 43 10,7 45 90 80 Parfum vanAﬂle, Cho"fﬂm cate
fruits des bois
Clinutren Fruit (Nestlé) Contenance:200mL 8 0 54 30 90a 120 110 Parfum:Orange,pamplemousse,
poire-cerise,framboise-cassis
i colat, moka,
Fortimel créme (Nutricia) Contenance: 125 ou 200g 10 5 19 NC NC NC Vanille, Ch.o cotal, mo Aa
banane, fruits de la forét
) ille-citron,
Forti Yog (Nutricia) Contenance:200mL 6 58 187 NC NC Nc | Textwre yaourt vanille-citron
framboise, péche-orange
Carottes-tomates,
Delical Potage HP (Lactalys NS) Contenance:200mL 7 4 9 NC NC NC poireaux-pommes de terre,
légumes variés
Porc-jardiniere,
Delical Mixé HP/HC (Lactalys NS) Contenance:300g 9 8.8 13,5 NC NC NC poulet-celeri, thon-|
courgettes

* NC = non connu
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Composition des recettes en micronutriments

Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Hargma ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Accompagnement De Harguma A La Marocaine 0.39] 1392 ol 4071 42.4| 0.178
468 99.3 192 543 505| 3.67

304kcal P:2.38 L:13.3 G:33.3 AO 2 48| 0565 278 0518 6.19
Veau, Escalope, Cuite 0 0 ol o011 0 0.2

29.5 10.8 236 460 128 1

149kcal P:31 L:2.75 G:0 AO 2 ol 02771 0.194] 0.13 0
0.39] 1392 0 4.18] 42.4] 0.378

76.3 110 428 1003 633| 4.67

453kcal P:40.4 L:16.1 G:33.3 A0 0 48] 0.842] 297] 0.647] 6.19
Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Bakkoula ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Bakkoulal  0.81| 10078 o 4.43] 106[ 0.208

109 325 110[ 1084 369 6.25

90.3kcal P:7.12 L:1.01 G:7.86 A0 2 2721 0.049] 0.074] 0.115] 7.95
0.81| 10078 0] 443 106] 0.208

109 325 1101 1084 369 6.25

90.3kcal P:7.12 L:1.01 G:7.86 A0 0 2721 0.049] 0.074] 0.115] 7.95
Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Bissara Féve ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Bissara Feve o] 346 0 11| 38.9| 0.084

42.2 44 215 473 729 2.2

13%kcal P:10.8 L:1.75 G:15.4 AOQ 2 3571 0.072] 0056 0.152] 9.29
0 346 0 1.1 38.9| 0.084

422 44 215 473 729 2.2

13%cal P:10.8 L:1.75 G:154 A0 0 3.57| 0.072| 0.056] 0.152| 9.29
Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Bissara pois cassé ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Bissara Pois Cassé of 866 of 0.544|  3.5| 0.282

47.5 63.8 277 686 934 4.9

247kcal P:16.9 L:2.41 G:29.6 AOQ 2 1.781 0.089] 02351 03471 198
o] 86.6 0] 0.544 3.5] 0.282




47.5 63.8 277 686 934 4.9

247kcal P:16.9 L:2.41 G:29.6 AO 0 1.78] 0.089| 0.235| 0.347| 19.8
Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Coquelet au couscous ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Coquelet Au Couscous| 7221 272| 0.268| 3.14| 10.4| 0.233

69.1 90.8 323 559 492] 3.81

623kcal P:34.5 L:40.3 G:28.2 AOQ 2 10.1 28 532 232 385
72.2 272 0.268] 3.14] 10.4] 0.233

69.1 90.8 323 559 492| 3.81

623kcal P:34.5 L:40.3 G:28.2 A0 0 10.1 28| 532 232 385
Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Couscous au veau ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Couscous Semoule Cuite A La Marocaine 28 177 0035 294 ol 0.338
73.6 35.2 264 313 1196] 1.82

520kcal P:8.86 L:15.8 G:83.2 AO 2l 0253 1.05 2711 0304] 3.26
Légumes De Couscous A La Marocaine| 0,041 12 ol 0.0171 0.318] 0.001
0.169] 0.604| 0.298 2.9 1.85] 0.009

0.7kcal P:0.012 L:0.054 G:0.041 A0 2l 0.022] 0.003] 00111 0.001| 0.021
Veau, Escalope, Cuite 0 0 ol o011 0 0.2

29.5 10.8 236 460 128 1

149kcal P:31 L:2.75 G:0 AO 2 ol 02771 0.194] 0.13 0
28| 29.7] 0.035( 3.07] 0.318] 0.538

103] 46.6 500 776] 1326] 2.83

670kcal P:39.9 L:18.6 G:83.3 A0 0] 0.274 1.33] 2.91] 0.435] 3.28
Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Lentille a la marocaine ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Lentille A La Marocaine 0.1 822 ol 3.64] 22.4] 0.164

48.5 67 .4 137 597 603 2.69

195kcal P:7.47 L:8.8 G:18.4 A0 2 5921 0.352 1.79]1 0253] 558
0.1 822 0 3.64] 22.4] 0.164

48.5 67 .4 137 597 603 2.69

195kcal P:7.47 L:8.8 G:18.4 AO 0 5.92| 0352 1.79] 0.253| 5.58
Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Rfissa au poulet ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Mssamman A La Marocaine 0 0 0 699 0.292]| 0.374




7971 498 313 423 468| 2.67

806kcal P:20.6 L:25.2 G:117 AOQ 2 3.16 1.071 5311 0.808 11
Sauce De Rfissal 0.402[ 4.92| 0.002[ 0.032| 0.152[ 0.002

0.594] 0.73 2.58] 4.08] 2.31| 0.024

4.5kcal P:0.303 L:0.345 G:0.035 A0 2l 0.023 0.02| 0.048] 0.023] 0.028
Poulet, Cuisse, Viande, Bouilli 5 2 0.25] 0.15 1.11 0.03

13.1 2.9 82 131 45 0.6

95.5kcal P:0 L0 GO ADO 2 ol 03371 0451] 0.223 0

54| 492 0252 7.18] 1.54] 0.405

93.4] 534 397 558 515 3.29

906kcal P:20.9 L:25.5 G:117 AO ol 3.19 1.43] 5.81 1.05 11
Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Pastilla au poulet ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Passtila ALaMarocaine| 124  211] 0506 5.16] 6.59] 0.168

77.1 118 290 426 472 2.49

631kcal P:28.5 L:42.4 G:30.3 AOQ 2 14.7 3.03] 589 245] 421
124 2111 0.506] 5.16] 6.59] 0.168

77.1 118 290 426 472 2.49

631kcal P:28.5 L:i42.4 G:30.3 AOQ 0 14.7 3.03 5.89 2.45] 4.21
Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Poulet beldi ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Poulet Beldi|l 235 234 0.236] 1.94] 10.3| 0.168

33.8 40 257 360 268 2.8

502kcal P:33.2 L:34.2 G:14.6 AO 2 241 2922 4.53 206 1.38
235 236 0236 1.94] 10.3] 0.168

33.8 40 257 360 268 2.8

502kcal P:33.2 L:34.2 G:14.6 AO ol 241 222 4.53] 2.06] 1.38
Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Saffa aux cheveux d'anges ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Saffa De Pates Aimentaires| 17,51 122 0.022| 1.26] 0298 0.19
61.6 42 128 365 155 2.6
346kcal P:8.94 L:7.83 G:56.5 A0 2 7.79 0.61 1151 0287 4.78
Accompagnement Saffa De Pates Alimentaires 0 1.27 ol ¢211 0.464] 0.079
99.7 128 178 293 1.13] 1.66
296kcal P:10.8 L:22.7 G:6.9 AO 2 6.52] 0.513 4.09 1871 ¢.26
17.5 13.5| 0.022| 7.47] 0.762| 0.269
161 170 305 659 156] 4.26




642kcal P:19.8 1305 G634 A0l o| 143 12| s24 21| 1
Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Saffa au riz ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
SaffaDe Riz|  57.2] 36.1] 0072 0.108 0] 0.096
22 16.8 74.2 58.6 224] 0.734

31%cal P:4.8 L:7.65 G:56.9 A0 2 226 1.311 0.431] 0.099 21
Accompagnement Saffa De Riz 0 1.27 0 6211 0.464| 0.079

99.7 128 178 293 1.13] 1.66

296kcal P:10.8 L:22.7 G:6.9 A0 2 6.52] 0.513 4.09 1871 ¢.26

57.2 37.4] 0.072 6.32] 0.464| 0.175

122 145 252 352 225 2.4

615kcal P:15.6 L:30.3 G:63.8 A0 0 8.78 1.83 4.52 1.97] 8.36
Retol | CarBe D-s E C Thia

Mg Ca P K Na Fe

Tajine viande au cardon ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Accompagnement Tajine De Viande Au Cardon 0 6.1 0 1.42 6.85| 0.052
37.9 97.3 52.1 644 280 0.79

85.1kcal P:1.67 L:4.23 G:8.44 AOQ 2 3.761 0.179] 0.891 0.113] 3.26
Veau, Escalope, Cuite 0 0 ol 0.055 0 0.1

14.8 5.4 118 230 64 0.5

74.5kcal P:0 LO GO0 AO 2 ol 0.139] 0.097] 0.065 0

0 6.1 0 1.48 6.85( 0.152

52.7 103 170 874 344| 1.29

160kcal P:1.67 L:4.23 G:8.44 AO 0 3.76] 0.317] 0.988] 0.178| 3.26
Retol | CarBe D-s E C Thia

Mg Ca P K Na Fe

Tajine viande au coing ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Veau, Escalope, Cuite 0 0 ol 0.055 0 0.1

14.8 54 118 230 64 0.5

74.5kcal P:0 LO GO0 AO 2 ol 0.139] 0.097] 0.065 0
Accompagnement Tajine De Viande Au Coing 0 238 0 1.64 12.6] 0.06
21.9 493 56.6 358 2701 1.09

125kcal P:1.61 L:4.57 G:17 AQ 2 1121 0.1911 09371 0.14¢| 4.21

0 23.8 0 1.7 12.6] 0.16

36.7 54.7 175 588 334| 1.59

199kcal P:1.61 L:4.57 G:17 AQ 0 11.2] 0.329 1.03] 0211 4.21

Retol | CarBe| D-s C Thia

Mg Ca P K Na Fe




Tajine viande au courgette ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Veau, Escalope, Cuite 0 0 ol 0.055 0 0.1
14.8 54 118 230 64 0.5
74.5kcal P:0 LO GO AO 2 ol 0.139] 0.097] 0.065 0
Accompagnement Tajine De Viande Au Courgette| 0.034 526 0 1.96 255 0.122
33.3 42.4 54.4 365 185 1.17
60.9kcal P:1.99 L:3.13 G:5.1 A0 2 3261 0.135] 0.6151 0.094] 2.13
0.036 526 0l 2.02| 255] 0.222
48.1 47.8 172 595 2491 1.67
135kcal P:1.99 L:3.13 G:5.1 A0 0 3.26] 0.274] 0.712] 0.158| 2.13
Retol | CarBe D-s E C Thia
Mg Ca P K Na Fe
Tajine viande au haricot vert et au courgette ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Veau, Escalope, Cuite 0 0 ol 0.055 0 0.1
14.8 5.4 118 230 64 0.5
74.5kcal P:0 LO GO0 AO 2 0|l 0.139| 0.097] 0.065 0
Accompagnement Tajine De Viande Au Haricat Vert Ef
Au Courge| 005 678 o 199 2440116
37.7 71.2 69.3 416 348 1.33
91.2kcal P:2.52 L:i431 G:8.39 A0 2 4.46 0.191 0.874] 0.132] 3.98
0.05 678 O 2.04] 24.4] 0.216
52.4 76.6 187 646 412 1.83
1éékcal P:2.52 L:4.31 G:8.39 A0 0 446 0.329] 0.971] 0.197] 3.98
Retol | CarBe| D-s E C Thia
Mg Ca P K Na Fe
Tajine viande au petit pois et artichaut ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Veau, Escalope, Cuite 0 0 ol 0.055 0 0.1
14.8 54 118 230 64 0.5
74.5kcal PO LO GO AO 2 ol 0.139] 0.097] 0.065 0
Accompagnement Tajine De Viande Au Petits Pois Et
Artichaut] 0.038] 421 o] 1.35] 15.7| 0.068
58.9 722 87.9 598 296 1.44
108kcal P:4.97 L:3.51 G:10 AOQ 2 3721 0.1591 0.672| 0.128 7.6
0.038 421 0 1.41 15.7] 0.168
73.6 77.6 206 828 360| 1.94
182kcal P:4.97 L:3.51 G:10 AOQ 0 3.72] 0.298 0.77] 0.193 7.6
Retol | CarBe D-s E C Thia
Mg Ca P K Na Fe
Tajine viande au pruneau ProAn| Sucr | AGsat | AGmi | AGpi | Fib-
Veau, Escalope, Cuite 0 ol 0.055 0 0.1
14.8 54 118 230 64 0.5




74.5kcal P:0 L0 GO AO 2 ol 0.139] 0.097] 0.065 0
Accompagnement Tajine De Viande Au Pruneau A La

Marocaine 137 210 0.018] 4.991 3.93] 0.12

71.2 110 149 614 346 2.27

327kcal P:6.77 L:16.3 G:33.2 AO 2 24.11 0.728 2921 0921 6.84

13.7 210] 0.018| 5.05] 3.93] 0.22

86 115 267 844 4101 2.77

402kcal P:6.77 L:16.3 G:33.2 AO 0l 24.11 0.867] 3.02] 0.986| 6.84

Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Harrira ProAn| Sucr | AGsat | AGmi | AGpi | Fib-

Harira Marocaine 17| 1247| 0.023| 1.81| 33.6| 0.278

60 88 255 788 468| 3.13

317kcal P:21.8 L:3.93 G:44.7 AO 2 5121 0.514] 02951 0.303| 6.63

17] 1247 0.023( 1.81 33.6] 0.278

60 88 255 788 468| 3.13

317kcal P:21.8 L:3.93 G:44.7 AOQ ol 5.121 0.514] 0.295] 0.303| 6.63

Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Salade marocaine ProAn| Sucr | AGsat | AGmi | AGpi | Fib-

Salade Marocaine o] 607 o 3.5 554 0.092

254 321 39.9 364 239 0.648

135kcal P:1.6 L:10.9 G:5.53 A:0.002 2 4221 0437 228 0272 3.33

0 607 0] 3.65] 55.4| 0.092

254 321 39.9 364 239] 0.648

135kcal P:1.6 L:10.9 G:5.53 A:0.002 0l 4.22| 0.437] 228] 0.272| 3.33

Retol | CarBe| D-s E C Thia

Mg Ca P K Na Fe

Maadakouda ProAn| Sucr | AGsat | AGmi | AGpi | Fib-

Madkouda ALla Marocaine| 407  499| 0316] 478 253 02

39.9 66 121 545 1611 2.58

335kcal P:7.31 L:19.9 G:30.3 A0 2 1.68 0.89 4111 0516 3.96

40.7 499] 0.316] 4.78] 25.3 0.2

39.9 66 121 545 1611 2.58

335kcal P:7.31 L:19.9 G:30.3 A0 0 1.68 0.89 411] 0514 3.9¢6
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