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Bei einer zu geringen Aufnahme von Nahrungsnergie wird Fett abgebaut 
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Oxidativer Stress
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SAM and Oxidative Stress

Golden, MHN & Ramdathw D. Free radicals in the pathogenesis of kwashiorkor.
Proceedings ofthe Nutrition Society (1987) 46, 53-68.
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Effect of Antioxidants on the course of SAM

Becker K et al (2005) Effects of antioxidants
on glutathione levels and clinical recovery
from the malnutrition syndrome kwashiorkor
– a pilot study. 
Redox Report, 10:4, 215-226, 
DOI: 10.1179/135100005X70161
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New concepts: 

• Microbial process critical in the pathogenesis of kwashiorkor: proliferation and
invasion of the aerotolerant Proteobacteria phylum

• Liver mitochondrial and peroxisomal dysfunction secondary to toxic microbial
compounds produced in the gut (ethanol, lipopolysaccharides, endotoxins) by
Klebsiella pneumoniae, and aflatoxin produced by Aspergillus species

• frequent lethal bacteraemia by enteric pathogens

• antibiotics improved survival in children with kwashiorkor, but not marasmus

• new avenues to develop more targeted and effective treatments for both
marasmus and/or kwashiorkor. 

Pham TPT, Alou MT, Golden MHH, Million M, Raoult D. (2021)  Difference between kwashiorkor and marasmus: 
Comparative metaanalysis of pathogenic characteristics and implications for treatment. Microbial Pathogenesis, 
Volume 150, January 2021, 104702, https://doi.org/10.1016/j.micpath.2020.104702.

18



22.02.22

10

Anämie
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Age <7 g/dL
(%)

7–9  g/dL
(%)

9–11 g/dL
(%)

Requiring blood
transfusion (%)

6–12 months
(n = 60)

65.6% 12.5% 21.9% 34.3%

1–5 years
(n = 71)

47.5% 12.5% 40.0% 17.5%

Children with SAM and anemia of varying degree

Thakur N, Chandra J, Pemde H, Singh V. Anemia in severe acute malnutrition. 
Nutrition , 2014 30, 4, 440-442
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Thakur N, Chandra J, Pemde H, Singh V. Anemia in severe acute malnutrition. 
Nutrition , 2014 30, 4, 440-442

Type of anemia N = 118

Normocytic 27.7%
Microcytic 38.6% - Iron deficiency
Megaloblastic 30.5% - Folate/B12 deficiency
Dimorphic 3.2%

Morphologic classification of anemia

21

Intrazelluläre
Fettspeicherung 
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Herzinsuffizienz
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Cardiac function in children with PEM before and after treatment

Jamaica * Turkey + Zaire §

Mean age, months 12.4 9.6 54
Initial weight, % for height 71 67 80
Heart rate, beats / min

initial (I)
recovered [R]

I/R, %

110
131
84

105
112
94

107
115
93

Stroke volume, ml / beat / m2

initial
recovered
I/R, %

28a
33.4a

84

20
26.5
75.5

18
28
64

Cardiac output, l / min / kg
initial
recovered
I/R, %

-
-
-

129
170
76

98
137
71

Source: Data from * Alleyne (1966); + Tanman (1971); § Viart (1977a).
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Di Gioia G et al. Effects
of Malnutrition on Left
Ventricular Mass (LVMI) 
in a North-Malagasy
Children Population. 

PLoS One. 2016 May 
3;11(5):e0154523. doi: 
10.1371/journal.pone.0
154523. 
PMID: 27140179; 
PMCID: PMC4854428
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Brent B et al. (2019) Assessment 
of Myocardial Function in Kenyan
Children With SAM: The Cardiac
Physiology in Malnutrition 
(CAPMAL) Study. 
JAMA Netw Open. 
2019;2(3):e191054
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Wachstum 
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Warum wirkt Wachstumshormon nicht 
bei schwerer Mangelernährung ? 

DGKJ-Kurs Ernährungsmedizin 24.2.2022/Krawinkel

33

Stress
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Immundepression

37

Immune system and malnutrition

DGKJ-Kurs Ernährungsmedizin 3824.2.2022/Krawinkel

Case fatality rate 

of 
in normally

nourished children

in children

with SAM

diarrhoea 2.0 % 70%

measles 1.1 % 65%

acute respiratory tract infection 2.1 % 44%

malaria 0.7 % 40%

other causes 0.9 % 64%
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Cortisol und Immunabwehr 
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Krawinkel MB. Interaction of Nutrition and Infections Globally: An Overview. Ann Nutr Metab 2012;61:39–45
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Krawinkel MB. Interaction of Nutrition
and Infections Globally: An Overview. 
Ann Nutr Metab 2012;61:39–45

In children with SAM 
the immune response
to TB-antigen after BCG-
immunization gets negative 
until full rehabilitation is
achieved. 

41

24.2.2022/Krawinkel DGKJ-Kurs Ernährungsmedizin 42

Zuckerstoffwechsel
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àGlucose clearance rates correlated with plasma albumin concentrations (r=0.67, P=.001) 
àGlucose clearance rates are affected in both children with SAM correlating with plasma

albumin concentrations (not shown here) 

No. Procedure Glucose 
clearance
rates

Kwashiorkor 6 - constant infusion (0.15 mg/kg/min) of [6,6-2H2]-
glucose for 4 h with serial blood sampling

- OGTT with labeled 10 mg/g [U-13C]glucose.

-392 mL/kg
Marasmus 8 -156 mL/kg
Controls 3 279 mL/kg
no peripheral or hepatic insulin resistance in the malnourished groups

Spoelstra MN et al (2012) Kwashiorkor and marasmus are both associated with impaired glucose
clearance related to pancreatic β-cell dysfunction. Metabolism 61(9):1224-30. doi: 
10.1016/j.metabol.2012.01.019. 

Disturbed glucose clearance in malnutrition
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Gehirnentwicklung
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MRT-Befund eines Kindes in normalem Ernährungszustand und eines Kindes 
mit schwerer Unterernährung (www.unicef. 
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46

Elizabeth L Prado EL, Dewey KG , Nutrition and brain
development in early life, 
Nutrition Reviews, 2014, 72:4:267–284, 
https://doi.org/10.1111/nure.12102
The content of the diagram is subject to copyright. 

Two scenarios indicating effects
of undernutrition and a poor-
quality environment

A Additive effects of undernutrition and
poor-quality environment. 
B An enriched environment protects children
from negative effects of undernutrition. 
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WHO-Protokoll zur 
Behandlung von SAM
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Dünndarmschleimhaut

24.2.2022/Krawinkel DGKJ-Kurs Ernährungsmedizin 49

49

DGKJ-Kurs Ernährungsmedizin 5024.2.2022/Krawinkel

50



22.02.22

26

Horvath K. Recent Advances in Pediatrics, 2002.

Normal 0 Partial atrophy

Subtotal atrophy Total atrophy

DGKJ-Kurs Ernährungsmedizin 5124.2.2022/Krawinkel
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Semiquantitative Zuckerbestimmung in Stuhlproben
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Semiquantitative Zuckerbestimmung 
in Urin und Stuhlproben
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Ready to Use Therapeutic
Food (RUTF)
• z.B.  Plumpy‘nut®      

Nutriset SA
Zutaten: Erdnüsse, Milchpulver, 
Pflanzenöl, Zucker, Vitamine, 
Mineralstoffmix

• z.B. lokal hergestellte RUTF 
Zutaten: 
Erdnüsse/Kichererbsen, Milch/ 
Sojamilch, Zucker, Pflanzenöl, 
Vitamine, Mineralstoffmix

M.Krawinkel Malnutrition_18-11-2020
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Osmolality of the diluted RUTF-samples in mosm/kg

Plumpynut Rebound RUTF
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à RUTF requires 300-400 ml of safe drinking water per sachet
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Ambulante Behandlung – Therapie mit RUTF
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Die meisten Folgen der
schweren Mangelernährung 
im indesalter sind reversibel, 
wenn sie früh erkannt und 
bei der Behandlung 
berücksichtigt werden.
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Danke für Ihre Aufmerksamkeit

michael.krawinkel@uni-giessen.de
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