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TABLE 1 MNutrient-based dietary restrictions in hemodialysis patients by food group

Food group (servings)

Fruit and vegetables (2-3 servings each/day)
Grains (6-11 servings/day)

Dairy (0.5 servings/day)

Protein foods (8-10 servings/day)

Dietary restrictions

Avoid high-potassium fruit and vegetables
Avoid whole grain and high-fiber grain products
Limit dairy products

Avoid nuts, seeds, and legumes

Adapted from the National Kidney Foundation dietary guidelines for adults starting on hemodialysis.!

Rationale

Restrict potassium intake

Restrict phosphorus intake

Restrict potassium and phosphorus intake

Restrict potassium and phosphorus intake
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' Phosphate (<1000 mg/day)
Potassium (<2730 mg/day)
DIET-HD
E 30 keal/kg/d
N~7000 nergy (2 [/kg/day)

Calcium (<800 mg/day)

o e 30 Kcal/kg/day Protein (21.1 g/kg)
>1,1g/kg

00 kf A Sodium (<2300 mg/day)
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~400 acBeveic

P

centres

o* '
"~ |Table 2. Blood pressure characteristics of the patients treated in two

Use of antihypertensive
medication (n = %)
ACE-/T or ARB
Calcium channel blocker
Beta blocker
Furosemide
Combination of two
medications

Interdialytic weight gain (kg

Interdialytic weight gain (kg
70 kg man)

Systolic BP (mmHg)

Diastolic BP (mmHg)

Pulse pressure (mmHg)

Systolic BP =140 (%)

Diastolic BP =90 (%)

Patients with systolic BP =140
and/or diastolic BP =90 (%)
At the time of starting the
HD programme
Current situation

Intradialytic hypotension
(number of episode per
100 HD sessions)

Centre A

(n = 190)

13 (7%)

8
1
2
1
1

126 £ 15
75+ 12
51+£9
18

12

78

19
11

229+ 0.83
2.61 =098

Centre B

(n = 204)

86 (42%)

27
43
3
1
12

126 £ 21
76 =11
50+ 12
37
8

83

37
27

331112
4.05 £ 1.52

P-value

.001

ns

0.001
0.009

L . = |

Table 3. Echocardiographical data of the centres

Centre-A
(n = 190)

Centre-B
(n =204)

P-value

LA indices

LA index (cm/m?)

LA volume index (mL/m?)
LV measurements and indices

240 £ 0.34
29.5 £ 10.0

LV diastolic index (cm/m?) 2.61 £0.33
LV end-systolic index (cm/m?)  1.60 £ 0.29
Interventricular septalindex 0.79 £ 0.13
(cm/m?)

Posterior wall index (cm/m?) 0.76 = 0.11
LV ejection fraction (%) 68 = 10

LV fractional shortening (%) 39+ 8

LV mass indexed to 0

height?7 (g/m?7)

LV hypertrophy (%)* 124 (74%)

Pulsed Doppler parameters

Mitral-inflow E (cm/s) 73+ 2

Mitral-inflow A (cm/s) 83 + 18
Deceleration time (min/s) 0.23 £ 0.06
Isovolumic relaxation time 0.08 £ 0.01
(min/s)

Mitral-inflow 4-wave 0.14 = 0.02
duration (min/s)

E/A ratio 0.90 £ 0.31
Mitral valve lateral annulus 0.99 + 0.43
Ee/Ae (min/s)

274 £053
36.7 £21.7

297 £0.64
1.96 = 0.47
0.83 £0.14

083 £0.11
63 £ 09
356

171 (88%)

27
82 £ 125
0.28 = 0.07
0.12 £ 0.02

0.16 = 0.03

0.96 £0.33
0.89 =041

NEPHROLOGY
DIALYSIS
TRANSPLANTATION
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Table 3 Serum biochemical, inflammatory, and hematological markers in group A (n = 21)
Baseline Week 8 Week 16 p
Albumin (g/dl) 3.79 £ 0.26 3.85 £ 0.22 3.92 + 0.36 0.14
Creatinine (mg/dl) 10.40 (9.20; 12.30) 10.70 (9.30; 12.10) 10.90 (9.20; 12.00) 0.85
Urea (mg/dl) 109 (93; 126) 99 (92; 119) 116 (91; 132) 0.41
Glucose (mg/dl) 90 (84; 140) 103 (83; 131) 97 (82; 141) 0.26
Cholesterol (mg/dl) 13494 + 21.67 135.86 + 26.96 132.24 + 25.17 0.65
HDL cholesterol (mg/dl) 38.76 + 8.89 39.30 4+ 10.84 37.43 + 8.87 0.09
Triglycerides (mg/dl) 155.33 + 82.91 153.09 + 67.75 139.05 + 54.02 0.29
Bicarbonate (mEqg/1) 21.53 + 3.11 23.08 + 2.72 22.59 + 2.58 0.09
/ International Hemoglobin (g/dl) 11.40 (10.70; 12.50) 11.80 (10.70; 12.60) 11.90 (11.10; 13.00) 0.31
/ Urology Hematocrit (%) i S 6 4 0.31

/' and Nephrology

/

éfs J

: S (cells/mm?) 1,795.0 (1,386; 2,036) 1,507.0 (1,345; 1,856) 1,531.0 (1,267, 1,777)
C-reactive protein (mg/dl) l‘.l (0.90; 1.40) 0.7 (0.30; 1.10)* 0.6 (0.30; 1.30)*
TNF-o (pg/ml) 691 (633; 760) 542 (476; 628)* 443 (386; 530)*, **
5.47 (4.96; 5.86) 3.87 (3.33; 4.92)* 307 (2.42; 3.90)*, **

* p < 0.05 versUS Uik (.05 versus week 8
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Potassium (mg/serving)

8

8

8

® Kiwi Fruit

® Honeydew Melon
® Cantaloupe

L]
og‘:":v = Tangerine
Peach @ ® Nectarine ~ ® B Grape
8 Plum

8 Strawberry ® Pear

Watermelon 8 8 Pineapple

B Apple

T T T

60 90
Energy (kcal/serving)

700
_ ~ Potato ®
600 | ® Beet Greens 1250 mg/ 35 kealj
Winter Squash

'E 500 _ [ ® Parsnip
; ® Tomato ® Beet
E‘m 1 ® Pumpkin B carrot
E Spinach  celery o
E B Cauliflower
3300 | Zucchini @ ® Broceoli
2 Radish B @ penarocte
g Pepper . ® Onion

200 - Watercress - E.ubla'ntGrun Beans .

3 @
Cucumber Eabbegs
100 B Lettuce
0 T T T 1
0 30 60 90 120

Energy (kcal/serving)
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Oxidative stress
Atherosclerosis
CcVvD
CKD
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Healthy
kidney

stage 1

GFR>90%

t stage2

Endotoxins & GFR: 60-89% stage 2:Mildly reduced

kidney function

Uremic toxins
translocation stage 3A
GFR:45-59%

u stage 3:
Epithelial stage 3 B Moderate loss of
tight- Vicious GFR:30-44% kidney function
junction circuit
breakdown

t

& stage 4
INHdQH ) GFR:15-29%
Uremic toxins
Alterld stage 5
gut GFR:<15%

microbiome
|

Urea +———
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Plant based food is good for your heart.
Potassium is dangerous for your heart...

PROS: plant based food in dialysis
patients:

The relationship between regular
consumption of fruit and vegetablesand
cardiovascular health is of potential
importance in subjects at risk for
cardiovasculardiseases, such as dialysis
patients.

Regular consumption of plant derived
food may have a protective effect on the
development of neoplasia, whose risk is
increased in dialysis patients.

Plant derived, fiber rich food helps prevent
constipation and diverticulosis.

ONS: plant based food in dialysis patients:

Since fruits and vegetables are
relativelyrich in potassium and poor in
calorie, the balance may be unfavorable for

caloric intake and risk of hyperkalemia.

Pre dialysis hyperkalemia, and rapid decrease
of potassium during dialysis may induce
arrhythmia in dialysis patients, which is
associated with a higher risk of death.

Potassium binding resins are associated with
risk of intestinalischemia, especially if
assumed with sorbitol or laxatives, and may
chelate important nutrients.
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Kalantar-Zedeh K, et al. Understanding sources of dietary phosphorus in the treatment of patients with chronic kidney disease. CJASN, 2010; 5(3):519-30.

Organic Phosphorus Inorganic Phosphate Salts
Example: Phytate Example: Food Additives
* Absorbed at slow rate - High digestibility (> 90%)
* 40-60% animal source abs . Absorbed rapidly
* 10-30% veg source abs « Not bound to fats/CHO
« Generally low bioavailability N e o asdad |
* Bioavailability can increase |
if degraded by enzyme
action/processing
Noori N, et al. Organic and Inorganic Dietary Phosphorus and Its Management in CKD. Iranian Journal of Kidney Diseases, 2010; 4(2):89-100. - N /
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Hi&ien Phosphate

Phos/Protein (mg/gm)

20.00
18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

Pork Chops Pork Loin Ribs

(1,17) (5,18) (6,20) (8,21) (14,13) (3,16,25)
Strip Steak Sirloin Bacon Chicken
Drumsticks
Meat Product

B Enhanced

8 Non-Enhanced O Non-Enhanced

~— —
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'Phosphorus: Organic and Inorganic
N N S S T S

Milk , skim 8 oz 29:1 40-60%
Yogurt, plain nonfat 8 oz 385 27:1 40-60%
Cheese, Mozzarella 1oz 131 20:1 40-60%
Egg 1 large 86 14:1 40-60%
Beef, cooked 3 oz 173 7:1 40-60%
Chicken 30z 155 8:1 40-60%
Fish 30z 250 11:1 40-60

| Almonds 1 oz 134 23:1 10-30%

.!D(MD.SEQOUQ! gi —— Peanuts 1oz 107 15:1 10-30% !

b L ' Lentils % cup 178 20:1 10-30%

| ooar cuneas pRAcrcE auibeAE FOR RN ¥ Chocolate 1.4 0z 142-216 27:1 10-30%

| S Cola 12 oz 40 NA 80-100%

S— Y\ J



White Bread

w/w Bread

Enriched Pasta

Whole Grain Pasta

White Rice

Brown Rice

Wild Rice

A A

_d
i |3Emu
84 mg
37 mg
86 mg
33 mg
84 mg
81 mg
0 10 20 30 40 50 60 70 80 90 100

Phosphorus Density (mg per 100 kcal)

100%

75% ¢

50%

25%

0%

\.\..' ............................... g M“k Pl‘Oducts
y o * — Shellfish
s ¥ Finfish
" _-eLegumes
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" u Greek Yogurt

_.--» Seeds

________________ Meat
. .-—":‘:—' -« Nuts
- - L : ’’’’’ Ew
[ St b
Lo .
® Cheese
Protein (25 g) Phosphorus (250 mg) Potassium (400 mg)
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e “*“““Other sources of phosphate

oc?

* Phosphate-containing excipients, largely inert salts used in the
formulation of drugs found in ~11% of frequently used medications
without any indication of the concentration (buffers, dilutants, density for
the preparation)

* Example: phosphate content of a single 20-mg tablet of paroxetine may
be as high as 296 mg, while 10 mg of amlodipine may have up to 165 mg.
Many other commonly prescribed CKD medications contain at least some
phosphorus.

* Even tap water may need to be scrutinized because phosphate salts are
often added to soften hard water in the United States and Europe.

Calvo M, Sherman RA, Uribarri J. AJKD, 2019; 73(4)542-551

Seana ML, et al. JREN, 2017, 27(2):9196
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Hyperphosphatemia: what do we want to find?
Three cases where nutritional approaches aimed at reducing
phosphate content in food may fail

Low-efficiency dialysis, due to erroneous prescription,
recirculation, competition between weight loss and depuration

Consider increasing dialysis frequency, duration or convection

Severe hyperparathyroidism or adynamic bone disease;

Consider increasing dialysis frequency, duration or convection

A diet rich in processed or preserved food;

Consider quality versus quantity of processed or natural food

—_— /"
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‘ Salb, Scr/ BSA, BMI, nPCR
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‘ Alb<3,8, BMI<23, IB>5%/ 3 unveg

|
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SGA Score
MIS Score

Table 1: Recommended nutritional parameters in
hemodialysis patients

Nutritional Recommendations
parameters
Protein 1.2 g/kg/d (at least 50% should be of high biological value)
Calories 35 kecal/’kg/d (<60 years)

30-35 kcal/kg/d (60 years or older)
Total fat 25%-35% of total energy intake
Saturated fat <7%
Sodium 80-100 mmol
Potassium <1 mmol/kg if elevated
Cholesterol <200 mg
Total fiber  20-30 g/d

Metabolic

disturbances:
Resistance to insulin,
growth hormone, and

Comorbid
conditions:

Decrease intake:

*  Anorexia Insulin-like growth

*  Dietary restrictions factor-1, Diabetes Mellitus,
*  Nausea Hyperglucagonemia, Cardiovascular
*  Depression Hyperparathyroidism disease, infection,
*  Low socioeconomic Acidemia and aging

status

Nutrients loss
in dialysis,
Catabolic

state

Uremic
toxins,
inflammato
ry cytokines

1 PROTEIN -ENERGY MALNUTRITION [ 4

Increased hospitalization, poor quality of life, infections and mortality

Atherosclerotic cardiovascular disease

| Figure 1: Pathogenesis of protein—energy wasting in dialysis patients |

—
g
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chronic kidney disease patients on hemodialysis

' v v v ' ' v

[Iuss nfnutrienls] [ poor appetite ] [realriulivadim] [ inflammation ] [ dysbiosis ] increased less time fo prepare ]

catabalic state and eal a meal due lo dialysis

| | | | | : .
'

reduced energy
and nutrients intake

v

poor ’
nutritional status
v v v
1 mortaiity Jquality of life | treatment outcomes
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Dialysis efficiency and serum albumin levels: chicken or egg?
But how many chickens, how many eggs in HDF?

Nutritional advantages of high flux

HDF : vr—::ﬂ &‘Jl\"‘_/gﬁ
— ,
< i
High dialysis efficiency is correlated & \‘rr' \IGL'{J
with improved nutritional status; o ’,;f"\ o=
improved nutritional status is 5 ‘(’_rj ‘ q
correlated with better survival; \‘\

HDF should correlate with improved & D {lan )

nutritional status and better survival. 5 ,C"\\ )
& —31 v P WY
Patients with high comorbidity, B~ xr;/{/
including long dialysisvintage, should  § \ ") 1 @, )
be treated with biocompatible ; ‘I,_\‘ i 2
membranes and efficient modalities. /7 1/, (%
G \ /'\r/
ey . e~ D
HDF is a high efficiency, high tolerance &'\ﬁ W

dialysis modality, that should be used
in fragile patients and in patients with " / \T«»,/'?
7 736

long-term exposure to uremia. b L -:'\I‘/[ﬁ

Nutritional disadvantages of high flux
HDF :

Albumin level is the most robust
measure of nutritional status;
Impaired nutritional status heralds
poor survival;

Albumin level decreases in HDF.

Patients with high comorbidity,
includinglong dialysis vintage, are
more prone to develop malnutrition
and inflammation, with consequent
reduction of albumin synthesis.

The albumin losses that are not
compensated in fragile patients with
chronic inflammation.
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Intervention

Pros

Cons

Physical exercise is theoretically a
powerful means of improving clinical
conditions and nutritional status in
patients with a chronic

disease [243-252]

The best results have been reported in
observational studies; biases linked to
self-selection limit the generalization
of results.

Barriers are evident in the
elderly population, in which
inactivity is often the result of
the same comprehensive
physical failure that

causes malnutrition

o3t
Vs
oW A
?@G\O ‘\»1\\0" Qy
o \
| The Field of
QD‘){ Qaﬁ\o Intervention
a0 P
W ‘e(eé
e
\" 2 .
e G@(\Q\‘O\‘ " Physical
\(\\%‘5/ exercise
Metabolic

interventions *

Anemia correction [253,254]

ESA improved quality of life, fertility
and sex life, issues associated with
nutritional status

The association between lack of

response to ESAs, inflammation,
malnutrition and atherosclerosis
is part of the MIA syndrome

Thyroid hormones [255]

The euthyroid sick syndrome or “low
T3 syndrome” is typical of
malnutrition /starvation

Correction of the metabolic
deficit can worsen the
clinical picture

Androgen steroids [256-259]

Recently reconsidered therapeutic
options include nandrolone decanoate
and oxymetholone, which display
good effects on sarcopenia

Side effects may be relevant; this
treatment could be considered
in males with testicular failure
and severe sarcopenia

Recombinant growth
hormone [260-267]

Recombinant growth hormone is

routinely used in children on dialysis.

In adults, growth hormone is often
low, and the effect on severe
malnutrition has been favorable

High costs and side effects limit
its use

Nutritional
interventions

Increasing the quantity /quality of
food [268-278]

The best tool for improving
nutritional status, eating during
dialysis may be an important way to
improve the nutritional status of
dialysis patients

If malnutrition is linked to
inflammation and
atherosclerosis, it is difficult to
increase the quantity or quality

of food

Nutritional supplements
(oral) [279-292]

Can be of use especially for limited
periods of time; specific supplements
for dialysis patients (poor in
phosphate) are also available

Can decrease appetite for
“normal” food; may be less tasty
after a longer period

Intravenous or enteral
supplements [293-295]

Can help reverse acute malnutrition,
especially in the case of failure of the
two previous interventions

May further reduce food intake;
and create a need for a high
quantity of fluids; metabolic
derangements are frequent in
the long term

T P e
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The paradox of being obese across CKD phases

Pre dialysis Dialysis Transplantation

Weight loss is advised, under Weight loss may be required for ~ Weight loss is usually required;
strict control to avoid being waitlisted for strict control is needed to avoid
malnutrition; bariatric surgery is  transplantation; strict control is ~ malnutrition; bariatric surgery
associated with improved needed to avoid malnutrition; has high morbidity but overall )
clinical parameters, but is not bariatric surgery has high favorable results
devoid of side effects. morbidity and conflicting

results




JOURNAL ARTICLE
Examining the robustness of the obesity paradox in
maintenance hemodialysis patients: a marginal
structural model analysis @

Megha Doshi &, Elani Streja, Connie M. Rhee, Jongha Park, Vanessa A. Ravel,

Melissa Soohoo, Hamid Moradi, Wei Ling Lau, Rajnish Mehrotra, Sooraj Kuttykrishnan ...
Show more

Nephrology Dialysis Transplantation, Volume 31, Issue 8, August 2016, Pages 1310-1319,
https://doi.org/10.1093/ndt/gfv379
Published: 19 November 2015  Article history v

) — 4

-/

AvoS poLKR}, TTOAUKEVTPLKN
2001-2006
123.624 aoBeveig

[
> Baseline .-o.. O Baseline
o 31 ® Time Dependent & 31 . @ Time Dependent
5 . ® MSM - e ® MSM
24 4 24 4
v
: g,
g 21 2 = = 1T 2 5
T Y <
E 16 4 - . = 16 4 ‘5 P9
= 14 R | IR R S -
£ 12 4 ol 5 £ 12 4 Sl
2 F z
g 11 a 11 B — =
3 i I T &y g ® F 5 1 ]
Q 08 ’i!g# 3 08 - e e e
2 : t %
] ) -
06 4 O 06
B a8 \® A AD D b ® A % P a® >
N of 10}1\1\"‘ '1’5’ 30_4 ’5‘)_4 o 2 P \Q" 10"1\1\ o 1}‘1‘) 11 1" ’94 ‘p L‘b L‘-’
- BMI (kg/m?) BMI (kg/m’)
v u
Bl (kdw,) B (@w)) \J/

- e
B " Yo, oA




— ‘
- ZUMREpacparta

OL mpoodatec katevBuvtiplec odnyieg Tpoteivouv

Ql N "
AS ou'r MES Academyof Nutrition
LIT IN I'Ig @ andDietetics

National Kidney Foun dation

KDOQI CLINICAL PRACTICE GUIDELINE FOR NUTRITION IN
CKD: 2020 UPDATE
CKD 3030 NbDVLE |
001 CTIMICYT bEVC £ CAIDETIME EOK MNIEL OM 1M -
Q3 \'\ /







e @
-

—NE®POAOTIAXT

/ _—
:

« O R

s 2 9 P SN

W w

' 19-211
O]

EAAMNEIOH NESPOAOT M ETAIPELIA

O NMNaveAAnvio
SUVESpPLO

AIEONEX
EYNEAPIAKO
~ KENTPO

OYNIOY 2024
H N

OOV AN £V amana V-

€V 2a et et il b A

Bae Logiad 9L B 1 A v

ToA . 1% 30aat il | Fau 1O JI%0es0
-l b e

- Cmat




