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Refeedingyndrome

X Metabolic and clinical changes that occur
when an aggressive nutritional rehabilitation
IS provided to treat a malnourished patient.

X Severeelectrolyte and fluid shifts
associated with metabolic abnormalities in
malnourished patients undergoing

refeeding.

Judy & Kerner (2009) Pediatr Clin N Am 56 12011 1210
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Mehanna et al (2009) Head Neck Oncol;1:4
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Pathogenesis

Hypomagnesaemia

Hypophosphataemia
Thiamine deficiency otein ca
Salt and water

retention - cedema \

Protein, fat, mineral, electrolyte
= and vitamin depletion — salt and
Refeeding water intolerance

syndrome 1

Hypokalaemia Starvation / Malnutrition \
I

T Glucose uptake
« T Utilization of thiamine
T Uptake of K*, Mg?* & PO,%

Refeeding (switch to anabolism)

/

Fluid. salt. nutrients
(CHO major energy source)

Stanga et al. (2008) European J of Clin Nutr.2008;62:687-694
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Table 2 Critena for confirmation of refeeding syndrome
from the start of artificial nutrition support

1. Electrolytes Severely low electrolyte
concentrations®
Potassium <2.5 mmol/l*
Phosphate <0.32 mmol/
Magnesium <0.5 mmol/l

2. Peripheral oedema or acute
circulatory fluid overoad

3. Disturbance to organ
function including respiratory
failure, cardiac failure and
pulmonary oedema

*King's College Hospital: severely low-serum potassium
concentration which required supplementation.

At the same timeElevated blood insulin reduces sodium clearance
causing sodium retention and subsequent water retention leading to
expansion of the extracellular fluid volume

Mehanna et al. (2009) Head Neck Oncol.2009;1:4
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What are the metabolic effects of:

V Hypophosphataemia

V Hypomagnesaemia

V Hypokalaemia
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m/@x Hypophosphataemia

$ insulin
sensitivity

$ glucose

| transport

Low serum phosphate levels could be a limiting factor for glucose metabolism and
account for hyperglycemia and an increased risk of NIDDM and hypertension
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DeFronzo & Lang (1980) Engl. J. Med. 303: 1259-1263; Haglin (2001) Hypotheses 56 6571 663
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Relationship between serum phosphate and cardiovascula
risk factors

Table 1 - Demographics and cardiovascular risk factors grouped by quartiles of serum phosphate levels in the whole

cohort of adult outpatients (n = 11,228).

Quartiles of serum 1<0.96 110.96-1.08 [11.09-1.21 vV >121 Pvalue Linear regression
phosphate (mmol/l) for trend analysis
n 2720 2812 2712 2984
Age (years) 53 51 47 44 <0.001 r=—-0.395
[31-80] [26-80] [23-78] [20-77] P <0.001
Gender (% male) 44 45 40 42 =0.325 -
FPG (mmol/]) 53 5.1 5.0 49 <0.001 r=-0.115
[4.2-8.4] [4.3-7.7] [4.3-7.7] [4.1-8.1] P <0.001
GFR (mL/min/1.73 mEJ 84 85 86 88 <0.001 r=0.118
[48-119] [46-124] [51-122] [47-130] P <0.001
Total cholesterol (mmol/l) 499 4.98 4.97 4.87 =0.034 r=-0.151
[3.18-6.89] [3.39-6.89] [3.37-6.99] [3.28-6.86] P=0589
LDL-C (mmol/1) 331 3.26 3.19 3.08 <0.001 r=-0.010
[1.83-5.05] [1.90-5.05] [1.86-4.95] [1.75-4.94] P=0917
HDL-C {mmol/]) 130 1.40 1.48 1.50 <0.001 r=0.146
[0.70-2.12] [0.78-2.23] [0.80-2.31] [0.78-2.31] P=0.185
TC/HDL-C 3.8 3.5 34 3.2 <0.001 r=-0.091
[2.3-6.8] [2.2-6.3] [2.2-6.1] [2.1-6.0] P <0.001
Triglycerides (mmol/1) 1.29 118 1.10 1.04 <0001 r=-0.058
[0.61-3.37] [0.54-2.93] [0.53-2.82] [0.50-2.80] P <0.001
AIP -001 ~0.09 -0.13 -0.16 <0001 r=-0.142
(-048)—(0.66)]  [(-0.52)—(0.50)]  [(-0.54)-(0.48)]  [(~0.59)-0.48] P=0.548

Lippi et al. (2009) Diabetes Research and Clinical Practice, 84(1), e3-e5
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disease and metabolic syndrome: A doublegcedge

South Korea: Serum phosphate levels measured amdig798
subjects (320y age) with normal GFR«OmI/(min 1.73m?):

Fasting insulinr=- 0.069 P<0.00)
Fasting blood glucose=-0.072 P<0.00)

102 =

100 =

Glucose

98

44

-~ a8 =2 .53 a9 3 5-4 49 S~
phosphate lewvel

Park et al. (2009) Diabetes Research and Clinical Practice 83, 119-125



@AUB Macremineral (P, Mg and K) enrichment of white pita bread
vl reduces postprandial glycaemia without altering the sensol
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Serum Insulin (pU/ml)

¥
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Fig. 1 Changes in Serum Phosphorus (a), Glucose (b) and Insulin () levels of subjects in experiment]. #Experiment 1: After the ingestion of

500 mg phosphorus (-4, 75 g glucose (- &-) or fco-ingestion glucose + phosphorus (75 g glucose + 500 mg of phosphorus) (0., [ p-value < 005
Paired t-test in the same treatment in comparisorT Wit Dase e (U O valte, pvalle = o0s, rared T Test, DhosphoTs vs giacose treatments
at each time point. ® p-value < 0.05: Paired t-Test, phosphorus vs glucose + phosphorus treatments at each time point. © p-value < 0.05: Paired t-Test,
glucose vs glucose + phosphorus treatments at each time point

Khattab ef a/. (2015) Nutrition journal, 14(1), 1
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Increased phosphorus content of preload suppresses ad
libitum energy intake at subsemesit

el Water © Sucrose Fructose Glucose :fpi%_%(il
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500 -
0 | |
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-P: No added Phosphorus to preload
+P: with 500mg of added Phosphorus to preload

Obeid et al. (2010) International Journal of Obesity 34(9):1446-8
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Hypophosphatemia

x Insulin  sensitivity
x Glucose status
x Triglyceride

x Foodintake and bodyweight
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Yajnik etal (1984) BMJ 288: 1032-1034
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Altered Mg2* metabolism
4 Mg2+ intake = | Intestinal absorption
T Renal excretion

x

4 Mg+, rum (Nypomagnesemia)

v

4 Mg2+ content
* Aed blood cells
= Lymphocytes
+ Platelets
+ Skeletal muscle
* Smooth muscle
» Endothelial cells

v v v v

Clotting Dyslipidemia Insulin resistance Hypertension Inflammation Oxidative stress
» Pro-thrombotic  » LHDL-¢; TLDL-c; TTG » Impaired glucose » Smooth muscle contractility « TIL-1, IL-6, TNF-a e« Lipid oxidation
state + LCAT: THMG-CoA Red:  tolerance and utilization = Endothelial dysfunction » | Adiponectin +Vascular remodeling
LLPL » Altered response to » Endothelial dysfunction

vasoactive agenis (e.g.

\ angiotensin II; endothelin) //

Metabolic syndrome
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Belin & He (2007) Magnesium Research 20; 20: 107-29
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Rowe et al. (1980) Metabolism 29(6): 498-502
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b Hypokalaemia
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Dluhy et al/. J. Appl. Physiol (1972) 33(1): 22-26
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Hypokalaemia

Systolic
blood
pressure
(mm Hag)

Diastolic
blood
pressure
(mm Hg)

DASH trial (n=379)
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Control diet
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-\‘\‘/‘—I‘/\. Control diet
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78
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Intervention weelk

He & MacGregor (2008) Physiologia Plantarum 133: 725i 735
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He & MacGregor (2008) Physiologia Plantarum 133: 725i 735
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In other worgéls

The metabolic effect of refeeding syndrome

Hypophosphatemia
Hypomagnesaemia
Hypokalaemia

Can contributes to the development of the
different components of the metabolic
syndrome
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x Doesmeal ingestion affect energy metabolistn

@ X Does meal ingestion affect the status of
electrolytes?
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¥AUB Energy metabolism is known to fluctuate diurnally
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Cox et al. (2012) European Journal of Clinical Nutrition 66, 2017 208
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Fig. 1 Changes in Serum Phosphorus (a), Glucose (b) and Insulin (€) levels of subjects in experiment 1. #Experiment 1: After the ingestion of

500 mg phosphorus (-+-), 75 g glucose (-4 -) or co-ingestion glucose + phosphorus (75 g glucose + 500 mg of phosphorus) (.o.). * p-value < 0.05:
Paired t-test in the same treatment in comparison with baseline (time 0) value. ® p-value < 005; Paired t-Test, phosphorus vs glucose treatrments
at each time point. ® p-value < 005: Paired t-Test, phosphorus vs glucose + phosphorus treatments at each time point. © p-value < 005: Paired t-Test,
glucose vs glucose + phosphorus treatments at each time point

Khattab ef a/. (2015) Nutrition journal, 14(1), 1
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Between Meals

U Energy metabolism fluctuates diurnally
U Meal ingestionC shift to CHO metabolism

U Ingestion of glucos€ Lowlevel of
electrolytes (P, Mg, K)

This resembles:
A mild form of refeeding syndrome!
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Questiohn

Doesur dietary pattern favors the development ot
a mild form of refeeding syndrome?
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@AUB Percentage proteomtribution of
animal and vegetable products
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%{\UB Energy (%) from low phosphorus
1, containinfpods

Low phosphorous containing foods
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MealPattern

Alngestion of foods high in carbohydrates and
low In these electrolytes (P, Mg, K) will result
In a reduction of their concentration in the

blood

AThese metabolic derangements and their
consequences, resemble that associated

with t
Incluo

ne features of the metabolic syndrome
Ing insulin resistance, lipid

distur

pances, hypertension and obesity.

Judy & Kerner (2009) Pediatr Clin N Am 56; 12017 1210
Solomon & Kirby (1990) JPEN J Parenter Enteral Nutr;14:901 7



@AUE Dietary patterns of subjects with
1= metabolic syndrome

AHigh intake of carbohydratedyread/grain

eoH

AHigh intake of softdrinks
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ALow intake of meat and dairproducts
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ALow intake of vegetables antfuits
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grain consumption and body mass
Index

Studies BMI

J
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Framingham Offspring study [18] !
ARIC Study [19] -
Minneapolis Students Study [23] l
Nurses’ Health Study [12] !

Health Professionals Follow-up Study [16] 1(?)
Swedish Mammograph Cohort [13] 1(?)
Physicians’ Health Study [17] !

Nurses’ Health Study (Diabetic women) [15] L(?)

Boston MA Study [20] !
Baltimore Longitudinal Study of Aging [21] l
National Health and Nutrition Survey [14] !
Trial examining the effect of Vit.K [22] L(Y)

Giacco et al. (2015) Nutrition, Metabolism & Cardiovascular Diseases (2011) 21, 901e908




o1doad AyjjeoaH “pooq AylleaH “‘yilieg AylleaH

Conclusion

X In the past few decades, increased
consumption of processed foods (refined
cereals, olls, sugar and sweetenes$;) has
lowered the intake of several electrolytes
(mainly phosphorus, potassium and
magnesium).

X This seems to have compromised the
postprandial status of theses electrolytes, In

- a manner that mimics low grade refeeding

( syndrome.

Judy & Kerner (2009) Pediatr Clin N Am 56; 12017 1210
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Conclusion

X At the pathophysiological level, this
condition has favored the development of
the different components of the metabolic
syndrome.

X Thus, it Is reasonable to postulate that
metabolic syndrome is the result of long
term exposure to a mild refeeding
syndrome.
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Refeeding and metabolic syndromes: two sides of the same coin

OA Obeid, DH Hachem and JJ Ayoub

Nutrition & Diabetes (2014) 4, e120; doi:10.1038/nutd.2014.21; published online 30 June 2014

Refeeding
Syndrome

Western Diet:
High fat,

Carbohydrate

loading aft
{; {:;igaﬁ N High refined
. carbohydrates
starvation or .
e High fructose-
malnutrition o
containing
sweeteners

Metabolic
syndrome
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