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Refeeding Syndrome

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

×Severe electrolyte and fluid shifts 
associated with metabolic abnormalities in 

malnourished patients undergoing 
refeeding. 

Judy & Kerner (2009) Pediatr Clin N Am 56 1201ï1210



Mehanna et al. (2009) Head Neck Oncol;1:4



Pathogenesis

Stanga et al. (2008) European J of Clin Nutr.2008;62:687-694



At the same time:Elevated 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



What are the metabolic effects of:

VHypophosphataemia

VHypomagnesaemia

VHypokalaemia



Hypophosphataemia

$insulin 
sensitivity

ó insulin 
secretion 

$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

Hypophosphataemia

DeFronzo & Lang (1980) Engl. J. Med. 303: 1259-1263;    Haglin (2001) Hypotheses 56 657ï663



Relationship between serum phosphate and cardiovascular 
risk factors

Lippi et al. (2009) Diabetes Research and Clinical Practice, 84(1), e3-e5



Serum phosphate levels and the risk of cardiovascular 
disease and metabolic syndrome: A double edge sword

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

South Korea: Serum phosphate levels measured among 46,798 
subjects (> 20 y age) with normal GFR (җ60ml/(min 1.73m2): 

Fasting insulin (r= - 0.069; P<0.00) 

Fasting blood glucose (r= - 0.072; P<0.00) 



Macro-mineral (P, Mg and K) enrichment of white pita bread 
reduces postprandial glycaemia without altering the sensory 
properties: A cross-over study

Higher phosphorus ingestion improves glucose metabolism of 
healthy male subjects

Two-way ANOVA

Bread:             P = 0.030

Time:              P < 0.001

Group-Time:  P < 0.001

B

-15

-10

-5

0

5

10

15

20

25

30

35

0 15 30 45 60 75 90 105 120

æ
 to

ta
l 

g
lu

c
o
s

e
 (

m
g

/d
l)

Time (min)

El Khoury et al. (2016)



Phosphorus ingestion improves oral glucose tolerance of 
healthy male subjects: a crossover experiment

Khattab et al. (2015) Nutrition journal, 14(1), 1



Increased phosphorus content of preload suppresses ad 
libitum energy intake at subsequent meal
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Obeid et al. (2010) International Journal of Obesity 34(9):1446-8



Hypophosphatemia

×Insulin sensitivity

×Glucose status

×Triglyceride

×Food intake and body weight



Hypomagnesaemia

Glucose disappearance rate in diabetic  subjects (Type 1 and 2)

Yajnik et al. (1984) BMJ 288: 1032-1034



Hypomagnesaemia

Belin & He (2007) Magnesium Research 20;  20: 107-29 



Hypokalaemia

Potassium depletion causes glucose intolerance, which was associated with 
impaired insulin secretion

Rowe et al. (1980) Metabolism 29(6): 498-502



Hypokalaemia

Dluhy et al . J. Appl. Physiol (1972) 33(1): 22-26



Hypokalaemia

He & MacGregor (2008) Physiologia Plantarum 133: 725ï735



Hypokalaemia

He & MacGregor (2008) Physiologia Plantarum 133: 725ï735



In other wordsé

The metabolic effect of refeeding syndrome 

Hypophosphatemia 

Hypomagnesaemia

Hypokalaemia

Can contributes to the development of the 
different components of the metabolic 

syndrome



Questioné

×Does meal ingestion affect energy metabolism?

×Does meal ingestion affect the status of 
electrolytes?



Energy metabolism is known to fluctuate diurnally

Cox et al. (2012) European Journal of Clinical Nutrition 66, 201ï208



Postprandial effect of OGTT on 
electrolytes 

Khattab et al. (2015) Nutrition journal, 14(1), 1



Between Meals 

üEnergy metabolism fluctuates diurnally

üMeal ingestion Č shift to CHO metabolism

üIngestion of glucose Č Low level of 
electrolytes (P, Mg, K)

This resembles:

A mild form of refeeding syndrome! 



Questioné

Does our dietary pattern favors the development of 
a mild form of refeeding syndrome?



Percentage energy contribution of 
animal and vegetable products 

Data: FAOSTAT 2006
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Percentage protein contribution of 
animal and vegetable products 
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Effect of milling on mineral content of 
wheat flour

Mineral
content

Wheat flour 
(white)

Wheat flour 

(whole grain)

Loss 
(%)

Phosphorus
(mg/100g) 108 346 69

Potassium
(mg/100g) 107 408 74

Magnesium
(mg/100g) 22 138 84



Major dietary changes! 

1

Milk (nonfat) 

Cheese (Mozzarella)

Chicken (Raw, without skin) 

Lentils (boiled)

Fava beans 

Rice (brown)

Beef (raw)

Chickpeas (boiled)

Whole wheat flour

Potato (boiled)

White rice (raw)

White wheat flour

Sugar 

Vegetable oil 

1.5 20.50

Milk (Whole) 

Fish (raw)

Phosphorus content (mg/Kcal)



Energy (%)  from low phosphorus 
containing foods

Food Balance Sheet (FAO)

40

50

60

70

80

90

100

1961 1966 1971 1976 1981 1986 1991 1996 2001 2006

P
e

rc
e

n
ta

g
e

 o
f 

e
n
e

rg
y
  

(%
)

Year

Low phosphorous containing foods

Lebanon

Saudi Arabia

Egypt

ÅCereal
ÅStarchy roots
ÅSugarcrops
ÅSugar sweeteners
ÅOilcrops
ÅVegetable oils 
ÅAnimal fats



Meal Pattern

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

ÁThese metabolic derangements and their 
consequences, resemble that associated 
with the features of the metabolic syndrome 
including  insulin resistance, lipid 
disturbances, hypertension and obesity. 

Judy & Kerner (2009) Pediatr Clin N Am 56; 1201ï1210

Solomon & Kirby (1990) JPEN J Parenter Enteral Nutr;14:90ï7



Dietary patterns of subjects with 
metabolic syndrome

ÁHigh intake of carbohydrates, bread/grain

ÁHigh intake of soft drinks

ÁLow intake of meat and dairy products

ÁLow intake of vegetables and fruits



Relationship between habitual whole 
grain consumption and body mass 
index

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



Conclusion 

×In the past few decades, increased 
consumption of processed foods (refined 
cereals, oils, sugar and sweeteners, etc) has 
lowered the intake of several electrolytes 
(mainly phosphorus, potassium and 
magnesium). 

×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; 1201ï1210



Conclusion

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

×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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