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Kwashiorkor is severe childhood malnutrition characterised 
by oedema, often showing as swelling in the hands and feet. 
(1) In the last 20 years the WHO nomenclature has referred 
to kwashiorkor as oedematous malnutrition.

Epidemiology
Kwashiorkor is almost never seen in the developed 
world. Widespread in sub-Saharan Africa and common in 
Southeast Asia and Central America, kwashiorkor occurs in 
young children living in areas with endemic food insecurity 
or famine; prevalence varies by geographic area, with 
reported levels ranging up to 6% in some chronic food-
insecure communities and occasionally to one quarter of  
young children in areas facing famine. (2) Children from 
rural communities, particularly those from non-pastoral 
subsistence farming areas without cattle, are more likely to 
present with kwashiorkor than other children. The typical 
age of  presentation is 1-3 years, kwashiorkor affects both 
girls and boys equally, and remains a major problem in food 
insecure regions of  the world.
Previous hypotheses concerning the aetiology 
The aetiology of  kwashioror is truly not known.  Most 
frequently, diets that are based on maize, cassava or rice are 
associated with kwashiorkor. (3) Kwashiorkor is not the result 
of  prolonged breastfeeding, and neither deficiency in protein 
intake nor low levels of  antioxidants in the diet are considered 
primary causal factors of  kwashiorkor as the diet of  children 
with marasmus have similar deficiencies. (4) Higher levels of  
aflatoxins have been found in the serum and liver of  children 
with kwashiorkor than in marasmus. (5)  Hypotheses have 
been advanced over the last 100 years suggesting that protein 
deficiency, hypoalbuminemia, and excessive oxidant stress 
cause kwashiorkor.  Evidence associating these aetiologies 
with kwashiorkor have been cited, however dietary 
supplements of  protein and antioxidants in children who are 
high risk for kwashiorkor have not been shown to reduce the 
risk of  kwashiorkor (6), and oedema resolves on a restricted 
protein diet. (7)  Aflatoxin intoxication has been advanced 
as an aetiology of  kwashiokor, but kwashiorkor is seen in 
populations without evidence of  ingestion of  aflatoxin and 
this is not supported by studies of  post-mortem tissues 
(8). Other social and economic risk factors include recent 
cessation of  breastfeeding, recent infection, high birth 
order, incomplete immunization, and disruptions in the 
child’s caretaker’s status such as parental death, not living 
with a parent, unmarried caretaker, young age of  mother, 
living in a temporary home, or parents not owning land.  
Recent measles infection has been found as a risk factor for 
the development of  kwashiorkor, many caretakers report 
diarrhea as a precipitating factor in kwashiorkor. 

Pathophysiology
Kwashiorkor affects most major organs systems.  There is 
a profound reduction in whole body potassium to about 
35 mmol/kg (normal is 44 mmol/kg), magnesium and 
phosphorus. (9) This corresponds to loss of  intracellular 
ions.  Profound, life-threatening hypokalaemia and 
hypophospataemia are observed in severe cases. Though 
hyponatraemia occurs, total body sodium is elevated. Cardiac 
output is diminished on average by 30% in kwashiorkor, and 
renal fractional sodium excretion reduced by up to 70%.  
Moderate anaemia (haemaglobin 80-100 g/L) is seen in 
most cases, but plasma free iron is raised.  Fat accumulates 
in the intracellular space of  the liver, which is the result of  
a decreased ability to transport and metabolically process 
fat.  The villi of  the small bowel are in general atrophied.  
The brain shows atrophy in the white matter. Without 
understanding the aetiology, a coherent understanding of  
pathophysiology is difficult.   The unifying pathophysiologic 
concept of  kwashiorkor is that cell membranes are damaged 
throughout the body. This damage results in an egress of  
potassium and water from cells of  all types, and dysfunction 
in all organ systems.  
A potential mechanism of  oedema
A potential mechanism by which peripheral oedema occurs 
in kwashiorkor may well be related to release of  water that is 
normally bound to glycosaminoglycans.  Glycosaminoglycans 
are long polysaccharides consisting of  a repeating sulphated 
carbohydrate units, bound to short protein core in all 
connective tissues and basement membranes of  the body.  
Glycosaminoglycans contain moieties that are subject to 
oxidation/ reduction, and they bind water avidly through 
cohesive forces of  “structured water” similar to that found in 
a gel. .  Recent studies show that children in kwashiorkor have 
abnormal renal architecture that can be explained by loss of  
glycoseaminoglycans (10) and they lose glycosaminoglycans 
from the intestine (11) (particularly heparan sulfate 
proteoglycan); the loss of  the ability of  glycosaminoglycans 
to retain water in the form of  a gel, may cause the appearance 
of  pitting oedema.  
Novel hypotheses regarding etiology
Apart from mechanisms that disrupt glycosaminoglycans or 
alter the redox (oxidation/reduction) state of  the cells, there 
are other putative etiologies that require examination.
First, the development of  kwashiorkor occurs only when the 
diet provides marginal amounts of  macro- and micronutrients, 
but inadequate dietary intake of  those essential nutrients so 
far examined is not a sufficient to damage cell membranes 
resulting in generalized oedema.  Another interacting, 
coincident environmental factor must play an important role 
in the pathogenesis of  kwashiorkor.   The gut flora constitute 
a relatively uncontrolled metabolic system capable of  
synthesizing noxious and beneficial compounds and altering 
the dietary constituents.  Populations of  gut flora change 
with change with diet and physiological state. (12)  The 
gut microbiota can work synergistically or antagonistically 
with the human host as they metabolically consume and 
process nutrients. (13) The gut microbiota have been shown 
to render some dietary toxins innoxious (14), but also to 
produce toxic metabolites capable of  damaging the brain, 
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liver or kidney. (15)  The 1014 bacteria present in the human 
intestine produce metabolites which may exert a potent effect 
on the human host.  Perhaps kwashiorkor is the result of  
changes in the gut microbiota that favor the production of  
metabolites that insult the human cell membrane integrity in 
an undernourished host, or disruption of  the gut microbiota’s 
protective function with respect to environmental toxins.
A second hypothesis is that a change in vanadium metabolism, 
either through a dietary deficiency or an alteration in 
the chemical form of  the metal, may cause the sodium 
retention characteristic of  kwashiorkor. (16,17) Vanadate is 
a very potent inhibitor of  the sodium pump at physiological 
concentrations. The sodium pump is responsible not 
only for transport across cell membranes but also for the 
reabsorption of  sodium from the kidney. Failure to inhibit 
the reabsorption of  sodium either because of  a vanadium 
deficiency or conversion of  vanadate to the inactive vanadyl 
ion could lead to salt and water retention and thus to 
edema formation. The serum levels of  vanadium are low in 
kwashiorkor. (18) 
Third, although kwashiorkor has not been prevented with 
an antioxidant cocktail (6), there is consistent evidence 
of  oxidative stress in these children, with low levels of  
antioxidants, and elevated levels of  pro-oxidants in the blood. 
Survival is improved if  sulphur containing antioxidants 
are given during treatment. (19) The metabolites of  these 
nutrients particularly, selenium and sulfur, are responsible 
for maintaining the redox level in the cells. The intracellular 
environment is much more oxidized than normal (20) which 
would account for the pathological features of  kwashiorkor 
(membrane damage, fatty liver, skin lesions) and may be one 
mechanism whereby glycosaminoglycans are lost, the valences 
of  vanadium are changed and the metabolites coming from 
small bowel bacteria exert their toxic effects.
However, without determining the precise etiology and 
pathogenesis of  kwashiorkor we are not in a position to 
formulate rational or effective prevention strategies.  This is 
important, because, unlike marasmus, there is no “moderate” 
or “mild” kwashiorkor whereby we can recognize the 
condition in its early stages and prevent deterioration to a 
stage when the condition is often lethal.  
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