
 

www.sajcn.co.za

2010 Congress Supplement

Clinical Nutrition Challenges:
Evidence vs Practice

3-5 March 2010 
Spier Estate, Stellenbosch

Supported by an educational grant from:

ISSN 003-8-2469



Index

2010;23(1) SupplementS Afr J Clin Nutr S1

ISSN 003-8-2469 S Afr J Clin Nutr 2010 volume 23 number 1 Supplement (February)

This supplement has  
been peer reviewed and is  
an official supplement to

SASPEN Congress 2010: Academic programme S2

Invited communications
•	 Intestinal	failure	in	childhood.	Goulet O S3
•	 Lipid	emulsions	in	parenteral	nutrition:	does	one	size	fit	all?	 

Laviano A, Rossi Fanelli F
S8

•	 Optimal	composition	of	intravenous	lipids.	Kreymann G S11
•	 Diarrhoea	and	malnutrition.	Nel ED S15
•	 Nutrition	in	children	posttransplantation. Goddard EA S19
•	 Management	of	severe	malnutrition.	Schübl C S22
•	 The	do’s	and	don’ts	of	arginine	supplementation.	Chetty S S25
•	 New	developments	in	clinical	practice	guidelines.	Kreymann G S29
•	 Nutrition	in	paediatric	Crohn’s	disease. Goulet O S33
•	 Nutritional	implications	of	food	allergies.	Steinman H S37
•	 Causes	and	management	of	diarrhoea	in	children	in	a	clinical	setting.	 

Cooke ML
S42

•	 The	metabolic	syndrome	–	What	is	the	value	of	its	identification?	Till A S47
•	 Glucose:	the	worst	of	all	evils?	Prins A S50
•	 The	use	of	specialised	enteral	formulae	for	patients	with	diabetes	 

mellitus.	Blaauw R
S55

•	 Micronutrients:	Do	small	things	matter?	Visser J S58
•	 Nutritional	management	of	gastrointestinal	malignancies.	Smalberger R S62
•	 The	gastrointestinal	tract	and	HIV	pathogenesis. Downs JH S65
•	 The	ethical	approach	to	evidence-based	medicine.	Kruger M S69

Short communications

•	 Agreement	between	NRS-2002	and	MUST	nutrition	risk	scores	–		 
a	retrospective	study.	Dannhauser A, Nel M

S71

•	 Agreement	between	estimated	and	measured	heights	and	weights	
in	hospitalised	patients	–	a	restrospective	study.	Van den Berg L, 
Dannhauser A, Nel M

S73

Abstracts  
•	 The	relationship	between	serum	protein	and	mortality	in	adults	on	long-

term	haemodialysis.	A	meta-analysis.	Herselman M, Esau N,  Kruger J-M, 
Labadarios D, Moosa MR

S75

•	 Relationship	between	nutritional	status	and	mortality	in	adults	on	
maintenance	haemodialysis.	A	meta-analysis.	Herselman M, Esau N,  
Kruger J-M, Labadarios D, Moosa MR

S75

•	 Nutrition	management	of	common	opportunistic	infections	(HIV-context).	
Mutemi E

S76

INDEX

S Afr J Clin Nutr 2010;23(1): S1-S76

Guest editors 

Janicke	Visser	BSc	(Diet),	M	(Nutr) 

Senior	Lecturer	and	Postgraduate	Programme	Coordinator 

Division:	Human	Nutrition 

Faculty	of	Health	Sciences 

Stellenbosch	University,	South	Africa

Berna	Harmse	MSc	(Diet) 

Private Practitioner 

Panorama	Medi-Clinic 

Cape	Town,	South	Africa

Renée	Blaauw	PhD	(Nutr) 

Associate	Professor	and	Deputy	Head;	Academic 

	Division	of	Human	Nutrition 

Faculty	of	Health	Sciences 

Stellenbosch	University,	South	Africa

Demetre	Labadarios	MBChB,	PhD,	FACN 

Executive	Director 

Knowledge	Systems:	Nutrition 

Human	Sciences	Research	Council 

Cape	Town,	South	Africa

Correspondence to: 

Prof	Demetre	Labadarios,	editor@sajcn.co.za

Disclaimer: Opinions	and	statements	in	articles	of	whatever	nature	are	published	under	the	authority	of	the	
submitting	author,	and	the	inclusion	or	exclusion	of	any	food,	nutritional	product,	medicine	or	procedure	do	
not	necessarily	reflect	the	views	of	the	Editor,	SASPEN,	ADSA	and	NSSA	or	Medpharm	Publications.	While	
every	effort	is	made	to	ensure	accurate	reproduction,	the	authors,	advisors,	publishers	and	their	employees	
or	 agents	 shall	 not	 be	 responsible,	 or	 be	 in	 any	way	 liable	 for	 errors,	 omissions	or	 inaccuracies	 in	 the	
publication,	whether	arising	from	negligence	or	otherwise	or	for	any	consequences	arising	therefrom.	The	
publication	of	advertisements	in	this	journal	does	not	imply	an	endorsement	by	the	publishers	or	its	editorial	
board	and	does	not	guarantee	any	claims,	referenced	or	not,	made	for	products	by	their	manufacturers.



2010;23(1) SupplementS Afr J Clin Nutr S2

CLINICAL NUTRITION CHALLENGES – EVIDENCE VS PRACTICE 
SASPEN CONGRESS 2010 ACADEMIC PROGRAMME: 

TIME WEDNESDAY : 3 MARCH 2010 THURSDAY : 4 MARCH 2010 FRIDAY : 5 MARCH 2010

07:30 Registration

08:15 Opening	and	Welcome	–	Prof D Labadarios

08:30	–	
09:00

Plenary 1                                                           
Chairpersons: D Labadarios, K Mokoena
Intestinal failure in childhood                    
Prof O Goulet

Plenary 3                                           
Chairpersons: M Pentz-Kluyts, N Bowley
Malnutrition – What is it?
Prof D Labadarios

Plenary 5                                                                 
Chairpersons: R Blaauw, A Prinsloo
Micronutrients: Do small things matter?
Mrs J Visser

09:00	–	
10:30

Symposium 1 
(Sponsored	by	Adcock	Ingram)                      
Chairpersons: D Labadarios, K Mokoena
TPN Lipids: Uses and Limitations

Lipid	emulsions	in	parenteral	nutrition:	1.	
does	one	size	fit	all?

 Prof A Laviano
Optimal	composition	of	intravenous	2.	
lipids

 Prof G Kreymann

Symposium 4                                                                                 
(Sponsored by NNIA)                    
Chairpersons: M Pentz-Kluyts, N Bowley
The Gut in Paediatrics – Silent but Powerful

Nutrition in paediatric Crohn’s disease 1. 
 Prof O Goulet

Nutritional implications of food allergies2.  
Dr H Steinman
Causes and management of diarrhoea in 3. 
children in a clinical setting 
Dr ML Cooke

Group Work and Case 
Studies discussions - 
Adults     

Facilitator:  
Prof R Blaauw  
Expert opinion: 
Prof P Dechelotte

Group Work and Case 
Studies discussions  
- Paediatrics      

Facilitator:  
Mrs A Prinsloo
Expert opinion: 
Prof O Goulet

10:30	–	
11:00

TEA TEA TEA

11:00	–	
12:30

Symposium 2                                                        
(Sponsored by NNIA)                            
Chairpersons: J Downs, T van der Spuy
Paediatrics

Diarrhoea	and	malnutrition1.	
 Dr ED Nel

Nutrition	in	children	post-2.	
transplantation

 Dr EA Goddard
Management	of	severe	malnutrition3.	
Ms C Schübl

Oral presentations                    
Chairpersons: M Herselman, D Mthuli
11:00	–	11:15			Agreement	between	NRS-2002	and	
MUST	nutrition	risk	scores	–	a	retrospective	study	
A Dannhauser, M Nel

•	11:15	–	11:30			Agreement	between	estimated	
and	measured	heights	and	weights	in	hospitalised	
patients	–	a	retrospective	study	 
L van den Berg, A Dannhauser, M Nel

•	11:30	–	11:45			The	relationship	between	serum	
protein and mortality in adults on long-term 
haemodialysis.		A	Meta-Analysis	 
M Herselman, N Esau, JM Kruger, D Labadarios, 
MR Moosa

•	11:45	–	12:00			Nutritional	management	of	
common opportunistic infections   
E Mutemi

Symposium 6                                             
Chairpersons: D Labadarios, B Harmse
The Gut in Adults – Silent but Powerful 

Nutritional management of gastrointestinal 1.	
malignancies 
Mrs R Smalberger
The	gastrointestinal	tract	and	HIV	 2.	
pathogenesis	 
Ms J Downs
Gut	atrophy:	in	need	of	clinical	 3.	
perspective?	Prof D Labadarios

•	12:00	–	12:30		SASPEN	BGM

12:30	–	
13:30

LUNCH LUNCH

Plenary 6                                                      
Chairpersons: D Labadarios, B Harmse
The ethical approach to evidence-based  
medicine. Prof M Kruger

13:30	–	
15:00

Symposium 3 
(Sponsored by Fresenius Kabi) 
Chairpersons: R Blaauw, D McDonald
Conditionally Essential Nutrients

Pharmaconutritional	modulation	of	1.	
intestinal protein metabolism  
Prof P Dechelotte
The	do’s	and	don’ts	of	arginine	2.	
supplementation
Dr S Chetty
Immunonutrition	in	ARDS3.	
Dr I Joubert

Symposium 5
(Sponsored by Abbott Nutritionals)   
Chairpersons: J Visser, C MacDougall
The worst of all evils? … Glucose

The	metabolic	syndrome		–	What	is	the	value	1.	
of	its	identification? 
Mrs A Till
Glucose:	the	worst	of	all	evils? 2.	
Ms A Prins
The	use	of	specialised	enteral	formulae	for	3.	
patients	with	diabetes	mellitus 
Prof R Blaauw

CLOSING	–	Prof D Labadarios

15:00	–	
15:30

TEA TEA

15:30	–	
16:00

Plenary 2                                              
Chairpersons: A Prins, L van den Berg
New developments in clinical practice 
guidelines
Prof G Kreymann

Plenary 4                           
Chairpersons: A Dannhauser, G Landau
Immunonutrition: Where, when and why?
Prof P Dechelotte

SASPEN Congress 2010 Academic Programme

3

8

15
71

42

37

33

73

75

76

47

69

65

62

58

50

55

19

25

29

22

11



S3

Invited communication: Intestinal failure in childhood

2010;23(1) SupplementS Afr J Clin Nutr

Goulet O, MD, PhD  
Integrated program of Intestinal Failure, Home Parenteral Nutrition and Liver-Intestinal Transplantation,  

National Reference Center for Rare Digestive Diseases, Hôpital Necker – Enfants Malades, Université Paris 5-René Descartes, Paris, France.
Correspondence to: Prof Olivier Goulet, e-mail: olivier.goulet@nck.aphp.fr

Keywords: citrulline; congenital enteropathy; home parenteral nutrition chronic intestinal pseudoobstruction;  
intestinal failure; intestinal transplantation; liver transplantation; parenteral nutrition; short bowel syndrome

Intestinal failure in childhood

Intestinal failure (IF) results from the critical reduction of functional gut 

mass below the minimal amount necessary for adequate digestion 

and absorption to satisfy body nutrient and fluid requirements for 

maintenance in adults or growth in children. IF requires parenteral 

nutrition (PN) for as long as it persists. 

Short bowel syndrome (SBS) was one of the first recognised 

conditions of protracted IF. With the increasing and successful use 

of long-term PN during the last three decades, several other causes 

of IF have emerged.

Long-term PN and home-PN are the mainstay of therapy, independent 

of the nature of “Intestinal failure” (IF) which can be total or partial, 

permanent or temporary.1–3 Some patients remain partially or almost 

fully dependent on PN for years or forever and are thus considered to 

have permanent IF. Complications of IF and/or PN limiting the use of 

long-term PN raise the question of intestinal transplantation (ITx).

Assessment of intestinal failure 

Citrulline, a non essential amino acid, mostly produced by enterocytes 

is a biological marker of functional gut mass.4,5 Studies performed 

in children with short bowel syndrome also emphasise the value of 

plasma citrulline as a biomarker of gut mass.6,7 Whether plasma 

citrulline levels are predictive of intestinal recovery, or not, remains 

to be confirmed. One of the best indicators for predicting full recovery 

of intestinal function remains the growth of the child as reflected in 

normal weight gain and growth velocity for age when fully, orally 

and/or enterally, fed. 

Causes of intestinal failure

Short bowel syndrome 

The incidence of SBS is difficult to establish, ranging between  
2 and 5 per million live births.8 The causes of SBS differ significantly 
between series (Table I).8–11 Necrotising enterocolitis (NEC) remains 
the leading cause of SBS especially in premature infants. The 
percentage of SBS caused by NEC ranges from 14 to 43% depending 
on the country that data originate from.9–13 Several studies included 
in a meta-analysis have shown that probiotics administration might 
be helpful in decreasing incidence of NEC in preterm infants.14 
Other causes of short bowel syndrome include resection following 
intestinal atresia, gastroschisis, other congenital malformation 
including midgut volvulus from malrotation, and radiation enteritis. 
Crohn’s disease should no longer be a cause of SBS resulting from 
repeated small bowel resection.

Survival of SBS infants has increased during the last decades. More 
than 80 % of infants and children now survive after extensive small 
bowel resection in the neonatal period.9,15 Prognosis is related to age 
adjusted intestinal length, ileocaecal valve (ICV), colon preservation 
and occurrence of cholestasis. In SBS patients most of the deaths 
are caused by liver failure or sepsis and occur within one year post-
event. A survey including 87 children who had undergone extensive 
neonatal SB resection, were followed up over a mean 15 year-period.9 
The overall survival was 89.7% depending on the year of birth. By 
multivariate analysis, PN duration was significantly influenced by the 
length of residual intestine and the absence of ileocaecal valve. After 
PN weaning, they grow up normally with normal puberty and final 
height as expected from genetic target height. 

Abstract
Intestinal failure (IF) requires the use of parenteral nutrition (PN) for as long as it persists and in case of irreversible IF may be an indication 
for intestinal transplantation (ITx). Biological evaluation of IF is becoming possible with the use of plasma citrulline as a marker of intestinal 
mass. Short bowel syndrome (SBS) is the leading cause of intestinal failure in infants while few epidemiological data are to date available. 
Data on morbidity and mortality in paediatric patients with SBS are very limited but long-term outcomes seem to be improving. Other causes 
of intestinal failure include neuro-muscular intestinal disease and congenital disease of enterocyte development. The management of IF should 
include therapies adapted to each type and stage of IF based on a multidisciplinary approach in centres involving paediatric surgery, paediatric 
gastroenterology, parenteral nutrition expertise, home-parenteral nutrition programme, liver-intestinal transplantation experience. Timing for 
referral of patients in specialised centres remains a crucial issue.

 S Afr J Clin Nutr 2010;23(1) Supplement:S03-S07
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Nutritional support: In order to maintain an optimal nutritional status 
with normal growth and development oral feeding skills have to be 
acquired and maintained. PN is the corner stone of management 
but as much nutrition as possible should be provided to the patient 
via the enteral route in order to improve the physiological processes 
of intestinal adaptation. Oral feeding, which is known to enhance 
GI secretions, salivary Epidermal Growth Factor (EGF) release and 
gallbladder motility, is recommended. In addition, oral feeding 
by promoting gut motility improves intestinal bacterial clearance 
thus reducing the risk of small intestinal bacterial overgrowth.16 
However the mode of administration of feeding varies among 
different practitioners regarding the composition of the enteral feed 
(elemental, semi-elemental or polymeric) and mode of delivery 
(gastric tube feeding or oral feeding).17 Moreover current studies do 
not provide evidence based recommendations for using special diets 
such as amino acid based enteral formulae. Long term follow up of 
growth after PN weaning is mandatory in order to decide on the need 
to restart nutritional support, when required. 9 

Rehabilitation therapies for short bowel patients

Intestinal flora related disorders 

The colon is a crucial partner for small intestinal adaptation and 
function in patients who underwent extensive small intestinal 
resection.18 

However, colonic hypermetabolism may be responsible for D-lactic 
acidosis resulting from fermentation of dietary carbohydrate by 
luminal bacteria in the small bowel. D-lactic acidosis may be 
associated with clinical symptoms and failure to thrive.19 

Small bowel bacterial overgrowth (SBBO) is a frequent complication 
that is likely to occur in the case of ICV resection, poor motility of 
a dilated small bowel segment, or when a tight anastomosis is 
present. SBBO is mostly responsible for mucosal inflammation, 
which may further exacerbate nutrient malabsorption and protein 
sensitisation, deconjugate bile salts and deplete bile salt pool with 
subsequent impaired micellar solubilisation resulting in steatorrhea 
and fat soluble vitamins malabsorption. SBBO increases the risk of 
intestinal bacterial translocation which increases the risk for liver 
disease.20,21 

Antibiotic therapy should be used very cautiously and with due 
attention to their effects on the colonic bacterial microflora which 
should be preserved for production of short chain fatty acids. The 
use of probiotics might be helpful but it is not yet been adequately 
documented in SBS paediatric patients.22

Non-transplant surgery: Surgical procedures have been proposed 
for increasing nutrient and fluid absorption by either slowing the 
transit or increasing surface area. Such procedures include intestinal 
valves, reversed intestinal segments, colon interposition, but have all 
yielded conflicting results.23 

In selected patients with dilated bowel segments, longitudinal 
intestinal lengthening and tailoring (LILT) have been extensively 
performed.24 LILT has the theoretical benefit of not only tapering the 
dilated segment but also of using the divided intestine to increase 
total small bowel length. The anatomical criteria that have been 
suggested for patient selection for this procedure include (i) intestinal 
diameter (> 3 cm); (ii) length of residual small bowel (> 40 cm); 

and (iii) length of dilated bowel (> 20 cm). This procedure allows 
improvement in more than 50% of patients in terms of intestinal 
transit time, stool frequency, intestinal absorption rate, weight gain 
and PN weaning.25 LILI is not yet recommended for patients with 
severe liver disease or cirrhosis. 

Serial transverse enteroplasty (STEP) has also been reported for use 
in infants and children with SBS.26 Indications for the procedure have 
broadened STEP’s use beyond the scope of SBS to include bacterial 
overgrowth and neonatal intestinal obstruction with dilated proximal 
intestine. The first 38 patients enrolled in the International STEP 
Data Registry were reviewed.27 More data are requires to establish 
the long term safety and efficacy of the procedure, with the goal 
of improving patient selection criteria and optimal time of surgical 
intervention.

Trophic factors 

The use of recombinant human growth hormone (rhGH) is associated 
with conflicting results in adult patients with SBS who were included 
in both, open and/or randomised clinical trials.28,29 Few such studies 
have been reported in children with SBS.30,31 

Glucagon-like peptide-2 (GLP-2) has been reported to improve 
intestinal absorption and nutritional status in SBS patients with 
impaired postprandial GLP-2 secretion in whom the terminal ileum 
and the colon had been resected.32 The results of a paediatric study 
suggest that in infants with intestinal dysfunction, GLP-2 levels are 
correlated with residual small bowel length and nutrient absorption, 
and may be predictive of outcome33 GLP-2 might be the most logical 
medical approach for early management of SBS patients especially 
those with ileal resection. To date, there are no published studies 
involving infants or children.

Epidermal growth factor (EGF) has also been shown to have a role 
both in maintaining epithelial tissues as well as controlling intestinal 
adaptation.34 Five SBS paediatric patients (< 25% bowel length 
predicted for age) were treated with human recombinant EGF.35 
However, this study does not allow drawing any conclusion.

Insulin influences intestinal structure and absorptive function.36 The 
favourable effect of insulin is relevant and might be considered in 
patients on PN receiving high intravenous glucose rate that induce 
insulin release and relative hyperinsulinism. Interestingly, oral insulin 
has been shown to enhance intestinal adaptation following massive 
resection in a rat model.37 

Intestinal neuromuscular diseases

Total colonic aganglionosis (TIA) with jejuno-ileal involvement 

This condition is a rare form of Hirschsprung disease (HD). The 
aganglionosis may extend to encompass the entire colon (total 
colonic aganglionosis) or very rarely affect the entire intestine (TIA). 
When the normal ganglionic small bowel is shorter than 50 cm, 
the probability for permanent PN dependency is high. There is no 
surgical procedure that can improve intestinal absorption without 
the colon. Thus, TIA with jejuno-ileal involvement is equivalent to 
short bowel syndrome without colon. Small bowel transplantation 
is the ultimate cure. Several patients with a length of normal bowel 
segment ranging from 15 to 50 cm have been transplanted.38 
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Chronic intestinal pseudo-obstruction syndrome (CIPOS) 

This is a very heterogeneous condition in terms of clinical 
presentation, histopathological features, severity of motility disorders 
and outcome.39 Patients with the most severe form of CIPOS, whether 
myopathic or neuropathic with or without urinary tract involvement, 
are very uncomfortable because of the association of enterostoma, 
gastrostomy tube, central line and sometimes vesicostomy. ITx 
becomes logical, but difficult, because of the requirement of multiple 
previous surgical procedures and associated disorders such as 
uropathy or peripheral neuropathy.40 

Congenital enteropathy

Microvillous atrophy (MVA)

Among the causes of intractable diarrhoea of early infancy,41 MVA 
is a congenital constitutive intestinal epithelial cell disorder leading, 
in its typical early-onset form, to PIF. MVA is characterised by a lack 
of microvilli on the surface of enterocytes and the occurrence of 
intracellular vacuolar structures containing microvilli, Microvillous 
Inclusion Disease (MVID).42 Following homozygosity mapping in 
a single kindred with MVID, nonsense and missense mutations in 
MYO5B, encoding type Vb myosin motor protein were identified. In 
addition, mislocalisation of transferrin receptor in MVID enterocytes 
suggests that MYO5B deficiency causes defective trafficking of 
apical and basolateral proteins in MVID.43

The largest multi-centre survey of 23 MVA patients44 revealed an 
extremely reduced life expectancy with a one-year survival rate 
of less than 25%. Most children died of septic complications, liver 
failure or metabolic decompensation. Management is based on 
PN since all others medical approaches have failed. Complications 
related to inadequate PN do limit long-term survival. Finally, even 
with adequate long-term PN and normal growth, most children 
continue to manifest high and disabling levels of stool output that 
results in a high risk for severe dehydration and requires daily fluid 
and electrolyte replacement . Thus, ITx has become the only definitive 
treatment for this rare intestinal disease. ITx usually involves isolated 
intestine or intestine combined with the liver and colon.45 

Intestinal epithelial dysplasia (IED) or tufting enteropathy

Congenital tufting enteropathy (CTE) is a rare autosomal recessive 
diarrhoeal disorder presenting in the neonatal period. CTE is 
characterised by intestinal epithelial cell dysplasia leading to severe 
malabsorption and significant morbidity and mortality.46,47 The 
pathogenesis and genetics of this disorder are not well understood. 
Mutations in the gene for EpCAM are responsible for CTE.48 Several 
cases of CTE have been reported as being associated with phenotypic 
abnormalities such as choanal atresia, rectal atresia, esophageal 
atresia and a non-specific punctiform keratitis involving about 60% 
of patients. 

This cause of neonatal diarrhoea requires permanent PN. However, 
it would appear that some infants have a rather milder phenotype 
than others. Because of the preservation of some degree of 
intestinal function and a more limited volume of stool output, some 
patients need only partial long-term PN. Even in such cases, careful 
monitoring should be implemented in order to avoid progressive 
growth retardation. In most patients, the severity of intestinal 
malabsorption and diarrhoea, hoever, make such patients totally 

dependent on long-term PN with its attendant complications. In such 
patients intestinal transplantation may, thus, become an indication. 

Autoimmune enteropathy (AIE) causes severe IF.49 Mutations in the 
FOXP3 gene cause AIE.50 Non-functional FOXP3 leads to a tremendous 
hyperactivation of T cells, resulting in autoimmune aggression, such 
as seen in patients with immune dysregulation, polyendocrinopathy 
autoimmune enteropathy X-linked (IPEX) syndrome, a subgroup of 
AIE. The use of T-cell immunosuppressive drugs, such as tacrolimus 
or rapamycine following steroids treatment, seems to be beneficial in 
some patients. However, long-term remission is not always possible.51 
Bone marrow transplantation might be the treatment of choice in 
those patients who do not respond to immunosuppression.52,53 

From intestinal failure to intestinal transplantation

PN and home-PN remain the mainstay of therapy, independent of the 
nature of IF which can be total or partial, permanent or temporary.2,3,54 
However, some patients develop complications while receiving daily 
long-term PN for IF. These patients can be considered as candidates 
for intestinal transplantation. 

Intestinal failure-related liver disease 

Cholestasis and liver fibrosis are associated with impaired intestinal 
function, disruption of enterohepatic cycle (ileal disease or 
resection), intestinal stasis with subsequent intra-luminal bacterial 
overgrowth and/or translocation (endotoxinemia), recurrent catheter 
related sepsis, while prematurity itself might be an associated factor 
aggravated by inadequate PN.3 Preventing or reversing liver disease 
is possible by stimulating the enterobiliary axis by early oral/enteral 
feeding, by reducing intra-luminal bacterial overgrowth, by using 
ursodesoxycholic acid, by preventing catheter related sepsis, and 
by providing adapted PN with appropriate amino acids solutions, 
lipid emulsions, micronutrients provison and cyclic infusion.3 The 
guidelines on PN provide extensive recommendations for adapting 
nutritional support.54

Some SBS children with a length of remnant intestine theoretically 
sufficient to achieve PN weaning, liver disease interferes with 
gut adaptation and can lead to early death. The small size and 
poor condition of these infants means they are poor candidates 
for combined liver-intestine Tx, while many of them die before 
a combined graft is available. Case reports or small samples of 
isolated liver transplantation (ILTx) in SBS paediatric patients have 
been reported.55 Prevention of NEC, screening for high risk patients 
such as gastroschisis or NEC and prevention of IF related liver 
disease might improve outcome for such patients and decrease the 
need for any type of liver grafting alone or in combination with small 
intestine.3,56

Indications for Intestinal Transplantation

Some patients may remain partially or almost fully dependent on 
PN for years or forever and are thus considered to have permanent 
IF. Moreover, patients who develop complications while receiving 
daily long-term PN for IF are candidate for ITx. A European survey57 
studied the candidacy of home-PN patients for ITx and timing for 
referral for ITx. Candidacy was assessed by the USA Medicare and 
American Transplantation Society criteria,58,59 categorised as: 

(i)  life-threatening home parenteral nutrition (HPN) complications; 

(ii)  high risk of death due to the gastrointestinal disease; and 

(iii) IF with high morbidity or patient HPN refusal. 
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On the basis of these criteria, physicians judged candidacy for ITx 
as immediate or potential. The main indications for HPN were SBS 
(52%), chronic intestinal pseudoobstruction syndrome (CIPOS) (25%) 
and congenital mucosal disease (14.5%). Candidacy was considered 
for 57 patients (34.3%) with the following underlying disease: 
congenital enteropathy (26.3%), CIPOS (26.3%), SBS (19.3%). 
Immediate candidacy was judged for 15.8% of paediatric candidates 
(i.e < 50% of candidates because of HPN-related liver failure). 

The irreversibility of SBS related IF has to be demonstrated before 
any ITx can be considered. IF may be clearly and early considered 
as irreversible in patients with duodenocolic anastomosis after 
extensive intestinal resection for midgut volvulus or children with 
total aganglionosis with small bowel length less than 50 cm and 
infants suffering congenital enteropathy such as MVID or IED. All 
these patients are potential candidates for ITx. Since these patients 
will remain indefinitely dependent on PN, they must be referred early 
for transplantation on good nutrional status and with the minimal 
possible IF and PN related complications. Severe liver disease should 
no longer be considered as an indication for ITx. In contrast, it can be 
rather difficult to confirm irreversibility of IF in SBS or CIPOS patients 
for which all medical and/or surgical approaches have to be tried 
before any decision of ITx can be taken.3 In these particular cases, 
if long-term PN is effective and well-tolerated, it can be used for a 
prolonged period of time without ITx. Finally, few patients require 
immediate transplantation for life threatening conditions.57

Extensive multidisciplinary discussion involving transplant surgeons, 
paediatric gastroenterologists, specialised nurses, dieticians, social 
workers and psychologists is mandatory before any decision is taken 
for a specific child. Assessment and decisions should be based on 
the occurrence of the complications listed in the position paper of 
the American Society of Transplantation.60 

Type of intestinal transplantation

Children with severe advanced and progressive hepatic fibrosis 
are usually listed for LITx. However, some PN-dependent patients 
with advanced liver dysfunction may experience functional and 
biochemical liver recovery which appears to parallel autologous gut 
salvage.61,62

Factors impacting adversely on the survival of children with intestinal 
failure referred for ITx include : age below one year, multiple prior 
surgery, bridging fibrosis or cirrhosis, bilirubin levels over 3 mg/dl, 
and thrombocytopaenia.63 The United Network for Organ Sharing 
(UNOS) report indicates that mortality on the ITx waiting list is higher 
than on any other transplant waiting list.64 The ITx Registry confirmed 
that transplantations performed in patients waiting at home versus 
waiting in hospital have a better than one-year survival (74% versus 
59%; P < 0.00001).65 The trend to transplant proportionately more 
patients who are waiting at home was a major factor contributing 
to the recently improved graft and patient survival rates.65 Indeed, 
it is well established that patients with end stage liver disease are 
at risk of dying before transplantation and are also at higher risk 
of post-operative complications and death.63,64 We recently reported 
factors impacting on survival after Tx.66 Such factors should also be 
considered before listing a patient for ITx.

Intestinal failure rehabilitation centre

Long-term management of IF has become a very important goal. Few 
centres manage all the stages of IF from onset to ITx, including home 
PN programmes.2,67 SBS remains the most common indication for ITx 
accounting for 63% of case versus 32% of other indications in our 
transplantation centre.65,66 Liver complications of poor functioning 
remnant small intestine with intestinal stasis and subsequent sepsis 
from bacterial overgrowth may be prevented by appropriate medico-
surgical approaches. In addition to the prevention of complications, 
global management should also aim to demonstrate the irreversibility 
of IF in spite of all medico-surgical attempts at digestive autonomy.3

The development of integrated centres involved in all stage of IF 
management should be encouraged. Such centres should have a 
high level of expertise in the fields of paediatric Gastroenterology 
and Clinical Nutrition with a well organised Home-PN programme, 
together with experienced paediatric surgeons involved in SBS-non-
transplant surgery as well as in intestinal transplantation.67,68 ITx 
offers not only an improved quality of life but also maintains optimal 
nutritional status.69,70
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Lipid emulsions in parenteral nutrition:  
does one size fits all?

Lipids are essential components of a healthy diet. This is not simply 

because some fatty acids cannot be synthesised by human cells 

and need to be supplied by the diet to prevent clinically relevant 

deficiencies.1 Lipids also represent an energy-dense source, and 

their hydrophobic properties are also critical for the metabolic 

efficiency of body composition. In the latter regard, cell membranes 

are largely made by lipids, which are important in maintaining 

compartamentalisation and cellular integrity. Lipids are also 

metabolically active, since they serve as the skeleton upon which 

many hormones are synthesised and influence human metabolism 

per se. Finally, lipids are thought to have also contributed to the 

evolution of the human race by serving as a metabolic signal during 

periods of food availability, thereby triggering the onset of a metabolic 

milieu favouring energy intake and storage of excess energy as fat 

depots.2 Therefore, it should not be surprising that the inclusion 

of lipid emulsions is recommended when providing PN to patients 

unable to meet their protein and energy needs via the oral and enteral 

route.3 Indeed, if we consider artificial nutrition as a tool to replace 

oral diet when the latter is not feasible, it seems unreasonable to 

exclude lipids and the question arises as to whether we adopt that 

approach when advising a patient who could eat. Nevertheless, lipid 

emulsions are frequently not considered when prescribing PN and 

the practice may be related to to concerns regarding their potential 

toxicity, although it is now clear that their use according to the 

existing guidelines provides more benefits than harm.

Metabolic effects of lipid emulsions

One gram of lipids provides approximately 9 Kcal. In this regard, lipid 

emulsions represent an efficient energy source, and contribute to 

reduce the potential toxicity associated with glucose-based PN and 

hyperglycaemia.1,4,5 Lipids are also known to directly influence the 

inflammatory and immune responses. This effect is mostly related to 

the specific biochemical structure of fatty acids, and therefore it may 

vary according to the different composition of lipid emulsions used in 

PN. It is important to note that commercially available lipid emulsions 

differ in their fatty acid compositions, and may exert different 

modulations of inflammatory and immune responses. Therefore, 

they should be prescribed according to the metabolic profile of the 

patient, in order to accelerate healing and recovery.

Fatty acids are classified according different classes. The omega 

nomenclature classifies unsaturated fatty acids according to the 

distance, in carbon atoms, of the first double bond from the omega end 

of the carbon chain. The first double bond in position 3 characterises 

omega-3 fatty acids (i.e. α-linolenic acid). Omega-6 fatty acids (i.e. 

linoleic acid) have the first double bond 6 carbons from the omega 

end. Omega-9 fatty acids (i.e. oleic acid) are characterised by the 

first double bond being in position 9. Although apparently minimally 

relevant, the position of the double bond significantly influences the 

metabolic effects of lipids.

The most relevant omega-3 fatty acids in clinical nutrition are 

polyunsaturated fatty acids found in plants (i.e. α-linolenic acid) 

Abstract
Dietary lipids significantly contribute to preserve the efficiency of human metabolism and restore it during disease. Therefore, in the absence of 
absolute contraindications, it would not appear reasonable to exclude lipid emulsions when prescribing parenteral nutrition (PN). The metabolic 
role of lipids has been elucidated, and is far more complex than a mere energy-dense source. Indeed, it is now clear that fatty acids impact 
differently on the inflammatory and immune responses, either promoting or blunting them. Omega-6 fatty acids are the substrate for the 
production of potent mediators of inflammation, whereas omega-3 fatty acids promote the synthesis of less active factors. Omega-9 fatty acids 
exert a more neutral impact on immune and inflammatory responses. These specific metabolic activities should therefore be considered when 
prescribing lipid emulsions in PN. Ideally, the metabolic profile of patients should guide the prescription of lipid emulsions in order to promote 
the inflammatory response or blunt it according to the clinical needs. This new approach would wholly exploit the metabolic activities of lipid 
emulsions by providing patients not only with an energy-dense source, but also by priming and/or modulating the immune and inflammatory 
responses in order to favour healing.
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and fish oil [i.e. eicosapentaenoic acid (EPA), docosahexanoic acid 

(DHA)]. Omega-6 fatty acids are the characterising polyunsaturated 

fatty acids found in soybean oil (i.e. linoleic acid) and in fats of 

animal origin. Oleic acid is a monounsaturated fatty acid, which is 

the primary omega-9 fatty acid found in olive oil.

Oxidative stress

The possibility to fully oxidise glucose via aerobic glycolysis represents 

one of the major steps contributing to the evolution of species from 

primordial cells into multicellular organisms. On the other hand, 

respiration, primarily within mitochondria, is a major source of 

reactive oxygen species (ROS). ROS are highly active molecules, 

which act as pro-oxidant.6 By damaging DNA and proteins, they 

contribute to killing invading microbes and inducing inflammation, 

but when produced in excess and not counterbalanced, they induce 

cell damage and apoptosis. Therefore, pro-oxidant effects of ROS 

must be counterbalanced by a series of natural antioxidants, including 

vitamins C and E, glutathione and other such nutrients.6 Imbalance 

in the equilibrium between ROS production and antioxidant systems 

leads to oxidative stress.6 Oxidative stress may result either because 

of an overproduction of ROS or because of the insufficiency/depletion 

of antioxidant systems. The development of oxidative stress is 

clinically relevant since it is thought to contribute to organ failure.7 

Indeed, oxidative stress is associated with injury to major organs 

and systems, since it exerts adverse cardiac,8 neurologic,9 renal,10 

pulmonary11 and haematologic12 effects.

Lipid peroxidation is a determinant of oxidative stress.13 Omega-6 

and omega-3 fatty acids are preferential targets for free radical 

attack and lipid peroxidation because of their multiple double 

bonds,14 and the hydroperoxide formed may oxidise proteins and 

DNA. On the other hand, the single double bond characterising 

omega-9 fatty acids makes them less prone to lipid peroxidation. 

In-vitro studies have shown that the production of ROS, a marker 

of oxidative stress, is influenced by the type of fatty acids, being 

higher when polyunsaturated fatty acids are used as substrate 

when compared with monounsaturated fatty acids.15,16 The clinical 

relevance of this differential influence on oxidative stress still needs 

to be completely elucidated. However, Goulet et al. showed that VLDL 

and LDL peroxidation in paediatric patients receiving long-term PN 

was reduced when lipid emulsions rich in omega-9 fatty acids vs 

omega-6 fatty acids were used.17

Inflammatory and immune response 

Fatty acids influence the inflammatory and immune response by 

their incorporation into cell membranes, and thus modulating gene 

expression, membrane fluidity and exposure of receptors on the cell 

surface.1 Omega-3 and omega-6 fatty acids may compete for the 

same enzymes for metabolism in a state of enzyme saturation.1 

The products formed from omega-3 fatty acids (i.e. the odd-series 

eicosanoids) are typically less potent mediators of inflammation 

than those formed from omega-6 fatty acids (i.e. the even-series 

eicosanoids), whereas the metabolism of omega-9 fatty acids does 

not produce eicosanoids.1 The inflammatory response is generally an 

adaptive, beneficial response to trauma or illness and interference 

with the normal host inflammatory response may prove detrimental 

in some patients.18 However, it may be beneficial to modulate an 

exaggerated inflammatory response (i.e. as seen with sepsis). 

Likewise, a chronic pro-inflammatory state (i.e. in patients receiving 

long-term PN) may have adverse effects.

Omega-6 fatty acids have dose-dependent immunosuppressive 

effects. In vitro and in vivo evidence indicates that omega-6 fatty 

acids lead to impairment of neutrophil chemotaxis and phagocytosis19 

lymphocyte proliferation and reactivity,20 natural killer (NK) and 

lymphokine-activated killer cell activities21 as well as monocyte 

chemotaxis and proliferation.22 Furthermore, administration of 

omega-6 polyunsaturated fatty acids has been associated with 

prolonged graft survival in animal transplant models23 When given 

in excess, omega-3 fatty acids may have an immunosuppressive 

effect,24 but perhaps the ratio of omega-6 to omega-3 may be 

important in determining the extent of immunosuppression.25 

Omega-3 polyunsaturated fatty acids are also generally regarded as 

anti-inflammatory. In addition to shifting eicosanoid production toward 

those that are less pro-inflammatory, omega-3 polyunsaturated fatty 

acids may suppress inflammation through production of resolvins and 

protectins (which facilitate resolution of inflammation) and through 

regulation of gene expression (i.e. cytokine expression).1 Clinical 

studies have demonstrated favorable changes in the fatty acid and 

eicosanoid profiles of surgical patients receiving fish oil-containing 

versus soybean oil-based lipid emulsions.26 Similar benefits have 

been observed in septic patients in a study which used fish oil alone 

at a dose that was more than 3 times greater than the recommended 

maximum dose.27 In contrast, omega-9 monounsaturated fatty acids 

have shown limited to no impact on lymphocyte proliferation or NK 

cell activity in vitro or ex vivo. 28,29

Lipid emulsions in clinical practice

For many years, PN has been considered as a life saving and effective 

tool to feed patients who cannot eat. In this light, lipids were regarded 

as a mere energy-dense source. It is now clear that many nutrients, 

and specifically amino acids (i.e. glutamine, leucine, arginine,) 

and lipids, do exert metabolic effects. It is therefore reasonable to 

propose that such essential nutrients as lipids should be prescribed 

to patients in order to nutritionally support them and influence their 

metabolism, in order to facilitate healing and recovery. Actually, many 

examples can be taken from animal biology, supporting the efficacy 

of changes of dietary habits in priming specific metabolic pathways 

to better prepare animals to significant challenges. In this respect, 

the dietary behaviour of the semipalmated sandpiper (Calidris 
pusilla) before autumn migration is extraordinary. In preparation 

for the long flight from Canada to South America, this shorebird is 

able to enhance the energy efficiency of its wing muscles by acutely 

changing its diet and thus eating almost exclusively omega-3 rich 

mud shrimps.30 During the last centuries, human beings have lost 

their ability of selecting specific foods to better fight disease, but it is 

now possible to start considering the metabolic profile of the patients 

as a criterion according to which specific lipid emulsions should be 
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prescribed. Trauma is associated with an inflammatory response 

which is necessary to trigger the immune response. An exaggerated 

inflammatory response may increase the risk for complications, 

delayed recovery and even increased mortality. However, excessive 

inhibition of the inflammatory response via pharmacological or 

nutritional means may be equally detrimental. Indeed, Namas et al 

have recently demonstrated in trauma/haemorrhage patients that 

an adequately robust early inflammatory response is a hallmark of 

survival.18

It is therefore advisable that in clinical practice, lipid emulsions 

should not be considered as interchangeable and their metabolic 

effects should be taken into consideration. In patients in whom a 

robust inflammatory response is desirable, omega-6 fatty acids may 

be preferred. In clinical conditions where attenuation of inflammatory 

response is clinically meaningful, then omega-3 fatty acids should 

be considered. When perturbation of the physiologic inflammatory 

and immune response and/or exacerbation of oxidative stress could 

be associated with increased risk of complications, then omega-9 

fatty acids may be preferred.

Based on our better knowledge on the metabolic effects of lipid 

emulsions, it is now tempting to speculate their use as “drugs” could 

provide an adequate amount of immuno-modulating fatty acids on 

top of the calculated energy needs. In this context, omega-9 fatty 

acids could be provided as the energy source because of their 

“immuno-neutrality”, while omega-3 and omega-6 fatty acids could 

be provided as metabolic modulators. It is acknowledged that the 

available literature cannot yet support this approach, but it can also 

not be denied that such an approach would favourably exploit the 

potential clinical benefit of lipid emulsions. While waiting for clinical 

trials addressing the feasibility and relevance of this approach, it is 

important to be reminded that in matters concerning lipid emulsions 

“one size may not fit all (patients)”.
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Optimal composition of intravenous lipids

The composition of an intravenous (IV) lipid emulsion is of great 
importance in parenteral nutrition (PN) therapy, as most of its effects 
depend on the kind of fatty acids included and their respective ratio 
to each other. Today´s lipid emulsions may include four classes of 
different fatty acids (FA), namely ω−6 long chain polyunsaturated 
fatty acids, ω−3 long chain polyunsaturated fatty acids, ω−9 long 
chain monounsaturated fatty acids and medium chain saturated 
fatty acids. All these fatty acids present a source of energy with a 
low osmolarity but they strongly differ in their immunologic effects 
and their effects on oxidative stress, liver injury and mitochondrial 
function. For this review the effects of the different admixtures will 
be discussed following the time line of their landmark introduction 
into clinical practice. 

The first lipid emulsion for parenteral application was a 100% soy 
bean oil-based emulsion introduced in 1961. There were two reasons 
for the development of this type of lipid emulsion. Firstly, soy bean oil 
contains the two essential ω–6 fatty acids, linoleic acid and linolenic 
acids, and secondly, soy bean oil was readily available. Very soon after 
its introduction into clinical practice its immunologic properties came 
into discussion1 and with its widespread use  concerns were raised 
regarding  its  immune-compromising effects and the increased risk 
of infections.2,3 Today, there is consistent evidence from human and 
animal in vitro and ex vivo studies showing that ω–6 fatty acids 
or a soy bean oil-based emulsion inhibit lymphocyte proliferation,4,5  
decrease natural and lymphokine activated killer cell acitivity,6,7 
decrease chemotaxis and random migration of granulocytes8–10 and 
negatively affect the reticuloendothelial system.11,12

Despite these impressive experimental results, some smaller trials in 
malnourished or paediatric patients13–15 and one large clinical trial in 
bone marrow transplanted patients16 found no significant difference 
between patients who received a parenteral ω–6 emulsion  and 

those who did not. One smaller crossover study even reported an 

immunorestorative effect of the lipid emulsion.17 In contrast, the 

study reported by Battistella18 randomised 60 trauma patients with 

a severity score of 27 and an APACHE II score of 23 to 10 days of 

postoperative PN with our without an ω–6 emulsion. Patients who 

received the lipid emulsion had a longer length of hospitalisation 

(39 vs 27 days), a longer length of stay in the intensive care unit 

(29 vs 18 days) and more days of mechanical ventilation (27 vs 15) 

(Figure 1) The group which received the lipid emulsion also had a 

significantly reduced natural and lymphokine activated killer cell 

activity and a higher number of infections (72 vs 39). Although this 

trial is somewhat biased by the fact that the group which did not 

receive the  lipid emulsion also received 25% less energy, these 

negative results made the Canadian, the European and also the 

American guideline committee recommend that – at least – intensive 

care patients should not receive pure ω–6 lipid emulsions as part of 

their PN regimens.

Abstract
The provision of energy from a lipid source is an essential component of any parenteral nutrition (PN) therapeutic regimen in the appropriate 
clinical setting.  All available sources of intravenous lipid emulsions have a low osmolarity but they strongly differ in their immunologic 
effects and their effects on oxidative stress, liver injury and mitochondrial function. The ω−9/ω−6 lipid emulsion with its relative immune-
neutrality and also the newer fish oil admixtures are lipid emulsions that can be used in most critically ill and non-critically ill patients. Despite 
extensive research and encouraging progress in the availability of such lipid emulsions, there is still need for a lipid emulsions that could be 
advantageous in patients with real hyperinflammation. 
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Figure 1: Battistella FD et al. Lipid emulsion in trauma victims
(Figure was created using data from this publication)18
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In order to reduce the amount of ω–6 fatty acids in a lipid emulsion, 
medium chain triglycerides were introduced into clinical practice in 
1984. These fatty acids with a chain length of 8 resp. 10 carbon 
atoms are derived from coconut oil. In vitro and ex vivo studies could 
show that a 50/50 admixture of ω–6 FA and MCT (ω–6/MCT) could 
prevent the inhibition of lymphocyte proliferation,19 that natural killer 
cell activity was less reduced,20 and that the expression of adhesion 
molecules 21,22 as well as the phagocytic capacity of the RES 
were increased.23,24 On the other hand it was also shown that the 
phagocytic capacity for C. albicans was significantly reduced.25,26 

Seven smaller trials19,27–32  in patients with ARDS, acquired immune 
deficiency syndrome, sepsis or undefined critically ill patients showed 
no significant difference in any important outcome parameter. One 
of two medium size trials (n = 72) showed less intra-abdominal 
infections and a trend towards reduced mortality in malnourished 
surgical patients33 and the other one a significantly greater rise in 
retinol binding protein and nitrogen balance in septic patients.34 
However, as there are no harmful results, ω–6/MCT lipid emulsions 
are still in use and may still be used in critically ill patients.

The next step in the development of intravenous lipid emulsions was 
a further reduction in the ω−6 FA content to 20% and the completion 
with ω−9 oleic acid from olive oil (OO) – which was introduced in 
1996. The concern with this new emulsion was that the low content 
of ω−6 FA might lead to a deficiency in essential FAs. This concern  
was partly addressed  by a study in children reported by Munck35 
which documented that such a lipid emulsion could reduce the 
C20:3 content – a sign of essential acid deficiency – over 15 days 
as well as ω−6 FA. There are also experimental studies that showed 
that ω−9 FA or a lipid emulsion based on ω−9 FA (ω−9/ω−6) did not 
inhibit lymphocyte proliferation,35,36 did  not reduce the expression 
of activation markers on granulocytes21,35,37 and that it had almost 
no effect on the release of proinflammatory cytokines.38–41 Thus, its 
effect on most immunologic parameters was almost neutral.

This ω−9/ω−6 emulsion was evaluated in six trials in preterm 
infants42–48 and in three trials in paediatric patients.35,49–51  All trials 
showed a good short and (some studies) long term tolerability 
and no signs of essential fatty acid deficiency. In adults, this ω−9/
ω−6 emulsion was administered over three to six months in home 
parenteral nutrition.52–54 Besides seven mostly smaller trials in various 
patients, this emulsion was also studied in one observational55 and 
two controlled trials56,57 in critically ill patients. The trial reported by 
Huschak57 randomised 33 severe multiple trauma patients to either 
high dose ω−9/ω−6 (75% of non-protein energy) or normal dose 
ω−6 FA (37% of non-protein energy). They found a significant shorter 
length of ventilation and a significantly shorter length of stay in the 
ICU in the high dose ω−9/ω−6 group (Figure 2). The trial reported 
by Garcia-de-Lorenzo56 also found significantly less abnormalities in 
liver function in the ω−9/ω−6 group.

The next lipid emulsion – introduced in 1991 – was based on ω−3 
fatty acids derived from fish oil (FO). In many in vitro and ex vivo 
studies it could be shown that ω−3 fatty acids had strong anti-
inflammatory and immunosuppressive effects, already documented 
in various diseases such as rheumatoid arthritis, inflammatory 
bowel disease and asthma. Thus lipid emulsion inhibited lymphocyte 
proliferation,58–61 decreased natural killer cell activity6,62 as well 
as monocyte chemiluminescence, chemotaxis and adhesion to 

endothelial cells63–65 and it reduced the release of proinflammatory 
cytokines.66–68 

As the ω−3 fatty acids emulsion (ω–3) was never licensed for a 
standalone use but had to be administered in addition to another 
lipid emulsion, there are only few experimental clinical studies on 
the use of pure ω−3.69–71 In these, its main effect was to modulate 
cytokine and leukotriene release (Figure 3).

As far as the admixture of ω−3 to other lipids is concerned, an 
important experiment was performed by Grimm et al72 in 1994. They 
performed allogenic heart transplantations in inbred rats and fed 
them postoperatively with different lipid emulsions: fish oil, soybean 
oil, safflower oil or a mixture of safflower with fish oil with a ratio of 
2.1:1. The rejection time of the allograft was significantly prolonged 
with fish oil but also with safflower or soybean oil. However, the 
mixture of safflower with fish oil induced a rejection time which was 
comparable to control animals (Figure 4). This experiment was the 
base for the ω−6:ω−3 ratio in the supplemental use of ω−3 with 
ω−6 and also for all lipid emulsions containing fish oil which were 
introduced after 2005.

It might be concluded from these data that an admixture with the 
described ω−6:ω−3 ratio is mostly immune-neutral. However, 
experimental data on the immunologic effect of these latest lipid 
emulsions are very rare. De Nardi et al73 found yet a significant 
increase in macrophages that had engaged in phagocytosis with 
ω−6/MCT and ω−6/MCT/FO. However, there was no increase with 
ω−6/MCT/FO/OO.

There are many clinical studies concerning the addition of fish oil to 
lipid emulsions. They can be divided into studies using the admixture 
of pure ω−3 to other lipids, studies using ω−6/MCT/FO, or studies 
using ω−6/MCT/FO/OO.

Figure 2 : Huschak G et al.57 Olive oil based nutrition in multiple trauma 
patients
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There are two observational74,75 and nine randomised controlled76–83 
trials on the admixture of pure ω−3 FA to other lipids. While none of 
the randomised trials showed a significant improvement in survival 
or length of stay, the observational trial reported by Heller et al74 
showed that FO had the most favorable effects on survival, infection 
rates and length of stay when administered in doses between 0.1 
and 0.2 g/kg/day. 

The eight studies which evaluated ω−6/MCT/FO84–91 also didn’t 
show any significant effect on outcome except the trial reported by 
Wichmann et al87 which showed a significant decrease in the length 
of stay (17.2 vs 21.9 days). 

Of the three studies evaluating ω−6/MCT/FO/OO,92–94 the study 
reported by Mertes et al93 showed a trend towards a reduced length 
of hospital stay (15.7 +/- 6.3 vs 17.8 +/- 13.2 days). Piper et al92 
compared ω−6/MCT/FO/OO to ω−9/ω−6 and found at day two and 
five significantly lower levels of liver enzymes in the ω−6/MCT/
FO/OO group. However, the importance of this result is limited by 
the fact that the higher levels found with ω−9/ω−6 also were only 
slightly above normal range.

In conclusion, ω−9/ω−6 with its relative immune-neutrality is a lipid 
emulsion that can be used in most critically ill and non-critically ill 
patients. The addition of fish oil in the newer ω−6/MCT/FO or ω−6/
MCT/FO/OO emulsions certainly has advantages compared to pure 
ω−6 or ω−6/MCT and these emulsions can also be used in most 
patients. However, the drawback is that the immune-modulatory 
potential of these emulsions is rather low as the fish oil content is too 
low to exert a greater effect. So there is still need for a lipid emulsion 
that could be advantageous in patients with real hyperinflammation. 
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Diarrhoea and malnutrition

Introduction

The burden of diarrhoea and malnutrition in developing countries are 

both high, and, as these conditions frequently coexist, it is attractive 

to hypothesise a causal association between them. The review, 

“Interactions of Nutrition and Infection” by Scrimshaw, Taylor and 

Gordon in 1968,1 first drew attention to the relationship between 

infection and nutrition. Following this publication, studies attempted 

to quantify the contribution of diarrhoea to childhood malnutrition, to 

define the pathophysiology, to determine the appropriate nutritional 

therapy, and, more recently, to investigate the role of intestinal 

disease in HIV infected children. In this paper the interaction between 

diarrhoea and malnutrition in children will be reviewed briefly.

Epidemiology

The relationship between diarrhoea and malnutrition is bidirectional: 

diarrhoea leads to malnutrition while malnutrition aggravates the 

course of diarrhoea. On the one hand, severe and prolonged episodes 

of diarrhoea cause malnutrition in individual patients; on the other 

hand, malnourished children are more likely to develop complications 

with diarrhoea. Many studies, addressing the relationship between 

diarrhoea and malnutrition, have demonstrated a detrimental effect 

of diarrhoea on nutritional status. 

Some of the first evidence of the association between diarrhoea 

and malnutrition was the graphical representation of the interaction 

between growth and infection in children in South America. Mata and 

co-workers2 observed cohorts of infants born in Santa Maria Cauquè 

in Gautemala. Intestinal as well as other infections and growth 

parameters were recorded from birth to three years. Episodes of 

diarrhoea, upper and lower respiratory tract infection, measles and 

other infections were associated with progressive growth faltering: 

children with poor growth (growth in the lower quartile of the 

study) had more infections than those who grew the best (growth 

in the upper quartile). Especially dysentery and bronchopneumonia 

occurred more frequently in the lower growth quartile.

Subsequent studies assessed the impact of diarrhoea on the growth 

of large groups of children. The contribution of diarrhoea to growth 

failure in children in developing countries was estimated to be as 

high as 25–30%. The same effect is, however, not seen in children 

in developed countries. This lack of effect may be due to the lower 

burden of disease in developed countries, the better nutrition 

of children in these countries, and bias in measuring episodes of 

morbidity.3

Martorell3 measured growth and episodes of infection in children 

in eastern Guatemala from shortly after birth to seven years. 

Diarrhoea was associated with reduced growth rate while there was 

no significant association between fever or respiratory illness and 

growth. Children with a low prevalence of diarrhoea (less than or 

equal to 5% of time with diarrhoea) grew 6,3% more in length and 
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11% more in weight than those with a high prevalence of diarrhoea 

(more than 5% of time with diarrhoea). This effect occurred 

independently of the type of nutritional supplement that the children 

were receiving (some were on a high and others on a low energy 

supplement).

Diarrhoea had a similar effect on the growth of children in The Gambia. 

Rowland4 found that there was a negative correlation between weight 

and height gain and diarrhoea prevalence in children younger than 

three years. Malaria was the only other disease for which there was 

also a significant association in this study. The regression coefficient 

for the diarrhoea versus weight gain was -95+/- 8,5 g/kg body 

weight per month. 

A more recent study from northern Brazil5 analysed surveillance data 

collected between August 1989 and December 1998. The number of 

episodes of diarrhoea, days of diarrhoea and episodes of persistent 

diarrhoea (longer than 14 days), helminth infections and height-

for-age Z-score were reported. There was a inverse relationship 

between the number of episodes of diarrhoea and growth: an 

average burden of diarrhoea of 9,1 episodes of diarrhoea before 

two years was associated with a 3,6 cm decrease in longitudinal 

growth at age seven years. There was also a negative association 

between intestinal helminth infections and height for age Z-score. 

These associations remained significant after controlling for nutrition 

during infancy, other parasitic infections, diarrhoea in later childhood, 

and socioeconomic status. 

Checkley and co-workers6 performed a multi-country analysis of the 

effect of diarrhoea on childhood stunting. Nine studies performed 

in South America, Africa, and Bangladesh between 1978 and 1998 

were included. After correction for socioeconomic status, the odds 

of stunting by 24 months increased with every episode of diarrhoea 

and with each day of diarrhoea. Using pooled data, the proportion 

of stunting that could be attributed to more than or equal to five 

episodes of diarrhoea was 25% and for having diarrhoea more than 

or equal to 2% of the first 24 months of life was 18%.

The preceding data suggests that reducing the incidence and 

prevalence of diarrhoea in children in developing countries will lead 

to a reduction in malnutrition. This conclusion has been challenged 

by studies from Bangladesh, The Gambia, and Egypt.

Briend7 challenged the importance of diarrhoea as a cause of 

malnutrition in communities. This challenge was based on concerns 

that there was inadequate epidemiological evidence to support 

causality. Briefly, the concerns were related to: temporal ambiguity; 

lack of consistency between short and long term studies (in terms 

of magnitude); poor strength of association; inadequate evidence 

for biological plausibility; and lack of evidence of a sustained effect 

of diarrhoea. A few epidemiological studies seem to support this 

position. 

Poskitt and co-workers8 reviewed data collected from 1979 

through 1993 in The Gambia. Clinic visits for diarrhoea and growth 

parameters of 1190 children aged 0–2 years were analysed. During 

the study period the number of clinic visits for diarrhoea decreased. 

There was, however, no improvement in weight gain or longitudinal 

growth in this period. 

A longitudinal study from Egypt9 found that diarrhoea was unlikely 

to have a major impact on the prevalence of malnutrition. Diarrhoea 

was associated with a small increase in the risk of low height-for-

age and children showed some catch-up growth in the following 

observation period. There was no effect on the weight-for-age or 

weight-for-height. On the other hand, children with a low weight for 

height (as well as those with poor sanitation and previous episodes 

of diarrhoea) had an increased risk of diarrhoea. Few children in this 

study however had persistent diarrhoea (1%) and the prevalence of 

malnutrition in this population was lower than in other populations 

that have been studied. The results of this study may thus not be 

applicable to poorer populations. 

Although no organism has consistently been identified as a cause of 

persistent diarrhoea, in certain geographic areas entero-aggregative 

E. coli, cryptosporidium, and giardia lamblia have been identified 

as important causes of persistent diarrhoea and malnutrition. In a 

Peruvian study,10 children infected with cryptosporidium had faltering 

both in weight and height gain for months after the initial infection. 

Stunted children and infants younger than six months did not have 

catch-up growth during the study period. In HIV infected children 

cryptosporidium infection was especially severe, often causing 

severe malnutrition, monosaccharide intolerance, and death.

Pathophysiology

Many factors contribute to the detrimental effect of diarrhoea on 

nutritional status. Reduced intake (due to anorexia, vomiting, and 

with-holding of feeds), maldigestion, malabsorption, increased 

nutrient losses, and the effects of the inflammatory response are 

some of the factors involved. 

Intake

Childhood infections are frequently associated with reduced dietary 

intake. This effect is most prominent in children with diarrhoea.  

A study from Gautemala11 has found that diarrhoea was associated 

with a reduction of daily dietary intake of 160 calories and 3 g of 

protein for children between the ages of 12 and 60 months. The 

reduction in children with respiratory infections was considerably 

less (67 calories and 1 g of protein per day). Other studies from Costa 

Rica, Guatemala, Bangladesh and Uganda also found significant 

reductions in dietary intake in children with diarrhoea. 

Absorption and digestion

Acute diarrhoea causes increased losses of fluid and electrolytes. 

These are accompanied by varying degrees of nutrient maldigestion, 

malabsorption and losses. Children with high stool losses have 

significant malabsorption of protein, carbohydrates, and fat. 

Additionally, enteric protein losses are often increased. Studies of 

children with acute and persistent diarrhoea in developing countries 

have increased our knowledge of these effects.
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High volume stool losses (greater than 30 ml/kg/day) are associated 

with a negative balance for protein, fat, and sugar absorption. 

Balance studies conducted in Cape Town12 found that increasing 

volumes of stool losses lead to decreasing nutrient absorption. 

Once stool volume exceeded 30–50 g/kg/day, children were unable 

to achieve a positive nutrient balance with normal infant formula. 

Apparent nitrogen absorption decreased by 0,86% and apparent 

fat absorption 0,4% for each gram increase in stool weight. A stool 

weight of 50 g/kg/day led to an apparent nitrogen absorption of 59% 

and fat absorption of 52 %. Sugar malabsorption also increased 

with increasing stool losses. In these studies the effect was less in 

children receiving a soya based formula.

Enteric infections often cause increased loss of endogenous proteins, 

particularly after invasive bacterial infections. Hoffman13 measured 

alpha-1-antitrypsin in stool of infants with diarrhoea in Cape Town; 

losses were increased in children with enteric infections. Other 

studies have similarly documented increased protein loss during 

infectious diarrhoea14 and after measles.15

Inflammatory response

The inflammatory response that accompanies enteric infections 

contributes to the detrimental effects of diarrhoea on nutritional 

status. Energy requirements are increased, appetite is suppressed 

by cytokine release, and catabolism and loss of nutrients is 

accelerated. 

Various markers of inflammation (e.g. CRP, IL6, IL8, and TNF-α) are 

increased in diarrhoea:

1. Entero-aggregative E. coli infection, an important cause of both 

acute and persistent diarrhoea in developing countries, leads to 

a pronounced increase in IL8.16 

2. Serum CRP is higher in children with bacterial than viral 

diarrhoea: a Taiwanese study17 found that CRP as well as IL6 

and IL8 were more elevated in children with bacterial than 

those with viral diarrhoea. Rotavirus, however, also caused a 

significant systemic inflammatory response.

3. Bacteraemia, a severe complication of diarrhoea in children, is 

also associated with a systemic inflammatory response.18

4. Cytokine activation (CRP, IL6, interferon (IFN)-gamma) in HIV 

infected patients predicts poor survival.19

HIV, intestinal disease and malnutrition

Diarrhoea and malabsorption are important complications of HIV 

infection that contribute to the high morbidity and mortality. Episodes 

of diarrhoea are often complicated by severe malabsorption.

Lactose malabsorption is a common complication in young HIV-

infected children with diarrhoeal disease.14,20,21 Thirty to sixty 

percent of these children have evidence of lactose malabsorption. 

In the presence of persistent diarrhoeal disease, it is advisable to 

use low lactose feeds. In the absence of diarrhoea however lactose-

containing feeds are usually tolerated. 

Fat malabsorption is also detected in up to 30% of children with 

HIV infection.22 Exocrine pancreatic insufficiency23,24,25 and mucosal 

factors contribute to the steatorrhoea. Despite the high proportion 

of children with increased faecal fat there is presently no clear 

association with malnutrition. At this stage, it seems prudent to 

provide pancreatic enzyme supplementation to HIV infected children 

with documented or suspected exocrine pancreatic insufficiency. 

Management

Initially the major emphasis of treatment of acute diarrhoea in 

children is the prevention and treatment of dehydration, electrolyte 

abnormalities and comorbid conditions (e.g. pneumonia, bacteraemia). 

Nutritional management is, however, not delayed and is an integral 

part of their management. Objectives are to prevent weight loss, to 

encourage catch-up growth during recovery, to shorten the duration 

and to decrease the impact of the diarrhoea on the child’s health. 

Feeds are only interrupted for a few hours to allow correction of 

severe dehydration and shock.26 There is no indication for “regrading” 

of feeds in infants. Giving diluted or low volumes of feeds aggravates 

the weight loss that follows an episode of diarrhoea and does not 

reduce the duration or severity of the diarrhoea significantly. 

Breastfeeding should not be interrupted; it shortens the duration of 

the diarrhoea and improves energy intake.

Initially children continue with their normal feeds and specialised 

formulae are indicated for those with malabsorption. Lactose free 

formulae are given to children with suspected lactose intolerance; this 

occurs more frequently in malnourished children and those whose 

diarrhoea persists longer than 3–4 days. Hydrolysed infant formulae 

are used for those with suspected protein sensitive enteropathy and 

may be of value in some children with severe malnutrition or HIV 

infection.27 

Zinc

Zinc, a cofactor for many enzymes and required for cell division, has 

a number of potentially beneficial effects on the intestine. It reduces 

intestinal permeability in malnourished children with diarrhoea28,29 

and, in animal models, tight junction morphology is improved and 

paracellular permeability decreases after zinc supplementation.30 

Clinical benefits of zinc supplementation include reduction of 

the severity and duration of diarrhoea in children at high risk of 

zinc deficiency. A recent meta-analysis31 of randomised, placebo 

controlled trials of zinc supplementation in children with diarrhoea 

found that zinc supplementation reduced the duration of acute 

diarrhoea by 15% and the duration of persistent diarrhoea by 15,5%. 

Duration of diarrhoea was also reduced by 18,8% and 12,5% for 

acute and persistent diarrhoea respectively. Weight and length gain 

is also improved in children after zinc supplementation. A more 

recent South African study,32 however, did not find the same benefit 

in children with diarrhoea. The implication for clinical practice in 

South Africa still needs to be determined. 
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Vitamin A

Studies from developing countries have found that vitamin A 

supplementation reduces the number of episodes of severe 

diarrhoea and diarrhoeal disease deaths in children. However, there 

is less evidence that vitamin supplementation will benefit children 

once they have diarrhoea. Supplementation with vitamin A also 

reduces intestinal permeability in children in developing countries 

supporting the role of vitamin A in maintaining the intestinal barrier 

function.33,34

Novel Agents

The role of glutamine and its derivatives and arginine in the 

management of acute infectious diarrhoea are not well established. 

These agents promote mucosal recovery and may accelerate 

recovery from diarrhoea. 

Conclusions

The detrimental effects of diarrhoea, in particular persistent 

diarrhoea, on the nutrition of individual children are well recognised. 

The effects of diarrhoea on the prevalence of malnutrition in a 

population, however, are complex. Addressing only diarrhoea or only 

food security is unlikely to be successful in decreasing the prevalence 

of malnutrition. Existing evidence provides some guidelines as to the 

optimal nutritional management of children with diarrhoea and novel 

treatments may prove to be valuable in future.
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Nutrition in children posttransplantation

Introduction

Transplantation in children differs in some aspects of perioperative 
and posttransplant care from adult transplantation because of 
differences in the aetiology of the primary underlying disease, patient 
size, immunologic responsiveness, medication pharmokinetics as 
well as growth and development issues.

There is little data looking at nutrition posttransplantation in children. 
Improvement in growth should occur postoperatively. Factors 
associated with continued poor growth include age at transplantation, 
malnutrition, surgical complications of the transplant, allograft 
dysfunction and excessive corticosteroid use.

The nutritional goal in the immediate postoperative period is to 
provide adequate nutrition to “catch up” the pretransplant nutritional 
deficit associated with a chronic liver disease and to allow for 
recovery from major surgery.

Early oral or enteral feeding should be strived for after successful 
uncomplicated heart, liver and kidney transplantation. Aggressive 
early posttransplant nutritional therapy facilitates wound healing, 
decreases infectious complications and shortens ventilation time. 
Parenteral nutrition is needed if there is prolonged postoperative 
ileus or if gastrointestinal complications of surgery limit enteral 
feeding.

All transplant patients require nutritional follow up to assess nutritional 
status and to detect, prevent and treat late-onset complications such 
as obesity, hyperglycaemic hyperlipidaemia or osteoporosis. Dietetic 
support is an essential component of the transplant team. Although 
this manuscript focuses on the nutritional care of the paediatric 
patient post liver transplantation, most aspects of the management 
is relevant to a patient undergoing any solid organ transplant. 
Aspects of care specific to renal or intestinal transplantation will also 
be addressed.

LIVER 

Children with chronic liver disease (CLD) are at high risk for 
malnutrition, especially when the disease is cholestatic in nature and 
its onset is in infancy. The most common CLD in our setting requiring 
transplantation in childhood is biliary atresia (70% of cases). 
Malnutrition is a manifestation of decompensated liver disease. Liver 
transplantation is a complex procedure that is performed in children 
who often have multiple co-morbidities.

Growth retardation and malnutrition are common complications of 
CLD because of decreased intake, malabsorption and relative growth 
hormone resistance. Nutritional support is complicated by increased 
energy expenditure, malabsorption secondary to gut oedema, 
cholestasis and poor intake. Cholestasis leads to malabsorption of 
fat soluble vitamins. Managing malnutrition in children in with end 
stage liver disease is a challenge.

Pretransplant nutritional therapy

In children with end-stage liver disease (ESLD) the nutritional goal 
is to maintain maximum growth potential, prevent further liver 
injury, promote liver regeneration, minimise risk of infection and 
avoid vitamin and mineral deficiencies.1 They require 130–150% 
of the recommended dietary allowances (RDA) of energy for their 
ideal body weight. About 60–70% of the energy should be given as 
high complex and simple carbohydrates. The later should be limited 
when glucose intolerance is present. The other 30–40% of energy 
are provided by fat with some as medium chain triglycerides, if fat 
malabsorption is present. Long chain triglycerides should not be 
decreased to less than 10% of the total energy intake to prevent 
deficiencies in essential fatty acids. The RDA of protein for children 
with CLD is 2.5–3.0 g/Kg of ideal body weight because of their 
catabolic state and the need to improve growth rate.2 Branched 
chain amino acids (BCAA) (leucine, isoleucine and valine) improve 

Abstract
Nutrition support is a vitally important issue in the pretransplantation period. Once a child has been assessed and placed on a list for 
transplantation the child must see a dietitian to optimise the child’s nutritional status as this is vital to improve the outcome at surgery. Children 
with chronic liver disease who are candidates for transplantation have a better posttransplant outcome and growth potential if their nutrition 
is optimised pretransplantation. Well monitored nutritional support posttransplantation improves the long-term quality of life by minimising the 
complications associated with transplantation. An interdisciplinary approach to nutritional care of a transplant recipient involving the expertise 
of paediatricians, surgeons, dietitians and nursing staff is essential to optimise the outcome of these patients.
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hepatic protein synthesis. Most formulas contain between 16–53% 
BCAA. If the patient is encephalopathic the protein may need to be 
decreased (1.0–1.5g/Kg) and the more expensive formulas with a 
high content of BCAA may be considered.

Nasogastric tube feeds may be required in children with advanced 
liver disease who are unable to take sufficient feeds orally. If 
continuous nasogastric feeds become necessary it is important to 
continue small amounts of oral feeds so that the infants do not lose 
feeding skills after transplantation.

Patients awaiting orthotopic liver transplantations should take a 
daily multivitamin, as well as fat soluble vitamin supplementation 
including additional vitamin D as needed together with folic acid, 
zinc and magnesium. 

Posttransplant nutritional therapy

Early postoperative period

The nutritional goal in the immediate postoperative period (two 
months) is to provide adequate nutrition to correct the pretransplant 
nutritional deficit associated with chronic liver disease and to allow 
for the additional stress of major abdominal surgery.

Preoperative malnutrition, stress of the surgical procedure, 
immunosuppressive therapy, liver or kidney dysfunction or sepsis 
are all factors that contribute to a persistent catabolic state in the 
early posttransplant period.

Early use (within the first 24–36 hours) of enteral feeding is 
recommended post an uncomplicated liver transplant, once the 
postoperative ileus has resolved.3 This is usually done using 
continuous nasogastric feeding of a polymeric feed. If this is not 
tolerated then use of a semi-elemental feed would be considered. 
When the patient begins to eat solid food, enteral feeding can be 
used as overnight feeds to enhance the appetite during the day. 
The oral intake can be changed to a regular diet as tolerated, and 
once there is adequate oral intake the enteral feeds can be stopped. 
In this period the patients have a high protein, high energy diet to 
counteract the weight loss associated with pretransplant cachexia. 
Patients are often not advised when to wean off this diet. Parental 
nutrition is needed if there is a prolonged postoperative ileus or 
gastrointestinal complications. Chylous ascites may be related to 
lymphatic disruption and responds to fat restricted diet.

Although liver transplantation allows resolution of metabolic 
dysfunction PEM and nutritional deficiencies, the need for nutrition 
monitoring and therapy continues. Patients who are not malnourished 
and who can eat within a few days of the transplant may not need 
post-op nutrition support.

Metabolic/electrolytes

Routine posttransplant care includes monitoring fluid balance 
carefully with strict intake and output measurements and daily body 
weight measurements. Many laboratory tests are monitored which 
include full blood count, differential and clotting, blood glucose, 
electrolytes, calcium, phosphorus, magnesium, albumin and 
liver enzymes. Electrolyte abnormalities are common in the early 
posttransplant period. Sodium can be lost in the urine, nasogastric 
tube losses, and abdominal drains. Serum potassium, phosphate and 
magnesium levels can deplete early post liver transplant due to the 
use of diuretics and the refeeding syndrome. Cyclosporin, tacrolimus 

and kidney insufficiency can cause hyperkalaemia. Cyclosporin can 
accelerate magnesium losses.

All children routinely receive multivitamin supplements. In the long 
term the transplant recipient should only receive dietary supplements, 
if indicated. 

Long-term posttransplant nutritional therapy

The diet of the liver transplant recipient should be monitored for 
energy and protein intakes for the first 2–3 years posttransplantation 
to maximise growth and to prevent obesity and its complications.

Obesity 

A major problem in the transplant recipient is long-term excess 
energy and fat intake with excessive weight gain leading to 
overweight and obesity. The side effects most often seen with over-
nutrition would include hypertension, diabetes mellitus and altered 
blood lipids. Once the pretransplant loss of weight and muscle has 
been regained there must be careful nutritional monitoring to prevent 
excessive weight gain. Weight gain is most dramatic between 
two and 16 months after transplantation. In a study of adult liver 
recipients, 43% were obese 18 months after transplant and a further 
24% were overweight.4 The causes of weight gain are multifactorial, 
the appetite is definitely stimulated by corticosteroids and often the 
patients are quite sedentary. 

Patients and their families need to be educated about posttransplant 
obesity and its risks. It is important to monitor weight gain and to 
make aggressive efforts to decrease high fat foods for children who 
are gaining weight excessively. Most of the weight gained after 
transplantation is fat. Muscle mass is not always regained. A diet 
low in saturated fat and high in fibre and vegetables together with 
regular aerobic and weight bearing exercise has been shown to 
have a major role in preventing weight gain and lowering lipid levels 
posttransplant. Dietary support by the dietitian is crucial.

Growth retardation

Many children, particularly those with cholestatic disease, have 
growth retardation before liver transplantation, because of decreased 
intake, malabsorption and relative growth hormone resistance. 
Generally transplanted children do not have complete catch up 
growth and achieve a final height below their genetic potential.5,6 A 
recent study found that after liver transplantation in childhood, 50% 
of patients reached a final height lower than -1.3SD of their genetic 
potential.5 Ng et al found that 73% of recipients were below average 
height five years post liver transplantation.6 The growth delay in 
children after transplantation is often attributed to corticosteroid use 
but this is not the only factor. However, excessive corticosteroid use 
must be avoided.

Diabetes mellitus

The occurrence of diabetes mellitus (DM) in transplant recipients is 
significantly increased when compared with the general population. 
The real incidence in posttransplant DM in children is unknown. In 
small retrospective studies it is reported to be between two and 
24%.7 In an audit at Red Cross Children’s Hospital the incidence in 
liver and kidney transplants was 6%. The high risk factors in our 
group were black patients (50%), tacrolimus, high dose steroids 
and overweight. Many children can be weaned off insulin during  
follow up.
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New onset diabetes mellitus is a known side effect of both 
glucocorticosteroids and the calcineurin inhibitors because these 
drugs affect insulin secretion and tissue sensitivity or resistance to 
the effects of insulin. Age, family history, African ethnicity and use of 
tacrolimus are all risk factors for a higher incidence of diabetes in 
transplant patients.

Metabolic bone disease

The adverse effects on bone that occur posttransplantation include 
osteoporosis/bone loss, fractures and avascular necrosis. Most 
liver transplant recipients lose bone mass for 3–6 months after 
transplantation. In patients with a normally functioning graft this 
bone loss stops after six months.1 Adequate treatment with calcium 
and vitamin D in the pre- and posttransplantation periods along 
with physical activity is important to decrease the complications of 
metabolic bone disease.

Immunosuppression

Most paediatric liver transplant recipients are initially treated with a 
triple immmunosuppression regimen. The side effects of the more 
common immunosuppressive agents (Table I) together with the more 
common drugs and foods that affect the levels of the calcineurin 
inhibitors (cyclosporine and tacrolimus) (Table II) should always be 
brought in mind. 

RENAL

Meticulous fluid and electrolyte management is important in the 
paediatric renal transplant patient because such patients often need 
additional intravascular volume repletion in the perioperative period 

to establish diuresis and avoid delayed 
graft function. This is critical if a small 
child has received an adult graft.

There is little data on dietary recom-
mendations for children following renal 
transplantation. Energy and protein 
needs are increased immediately 
after transplant. Protein needs are 
150–200% of the recommended daily 
allowance (RDA) for age and weight. 
It is important to meet these needs to 
achieve wound healing to help prevent 
muscle wasting associated with high 
dose steroids. Supplemental enteral 
or parenteral nutrition is indicated 
in patients who cannot meet their 
energy and nutrient requirements 
via oral intake in the first few days 
posttransplant.

INTESTINAL

The outcome after intestinal trans-
plantation has improved over the past 
decade. The postoperative management 
after liver transplantation is the most 
challenging of all the solid organ 
transplants. Total parenteral nutrition 
(TPN) is required for the first 3–6 weeks 
after transplantation. Continuous 
small volume (2 to 5 ml/hr) of enteral 

feeding is usually started within 10 days of the transplant. Elemental 
enteral formulae are used. The choice of enteral diet depends on 
age, previous diets and previous sensitisations. Posttransplant fat 
malabsorption can occur secondary to the severance of lymphatic 
channels of the intestinal graft.8

Once enteral feeding is established, the TPN is decreased. TPN is 
usually maintained until 70% of nutritional requirements are tolerated 
enterally. When the child is stable and tolerating enteral feeds, solid 
food is introduced according to the child’s age and preference. 
Chronically ill infants and children who are at risk for oral aversion 
enteral tube feeding is necessary for many months. The transition to 
full oral intake may take years and in some cases is never achieved. 
Development of food allergies is common so initial avoidance of milk 
and eggs from the diet is recommended.
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Table I: Side effects of immunosuppressive agents

Corticosteroids:
Growth retardation
Increased susceptibility to infection
Impaired wound healing
Cataracts
Glucose intolerance
Hypertension
Cushingoid facies and acne

Mycophenolate mofetil:
Gastrointestinal disturbances
Nausea and vomiting
Diarrhoea

Calcineurin Inhibitors (Ccyclosporine and tacrolimus)

Cyclosporine
Nephrotoxicity
Hypertension
Gum hyperplasia/hypertrichosis
Hyperkalaemia
Hypomagnesaemia
Hyperlipidaemia

Tacrolimus
Hyperkalaemia
Hypomagnesaemia
Diabetes mellitus
Diarrhoea and abdominal pain

TOR inhibitors (sirolimus)
Hyperlipidaemia
Delayed wound healing

* Nutritional side effects are in bold

Table II: Medications that alter calcineurin 
(CNI) levels

Medications that decrease CNI levels:
Anticonvulsants
- Barbiturates
- Phenytoin
- Carbamazepine
Rifampin
St John’s wort

Medications that increase CNI levels:
Calcium-channel blockers
- Verapamil
- Diltiazem
- Nicardipine
- Amlodipine
Azole antifungals
- Fluconazole
- Ketoconazole
Macrolide antibiotics
- Erythromcycin
- NOT azithromycin
Corticosteroids
Somatostatin
Amiodarone
Grapefruit juice

Medications that increase renal toxicity:
Vancomycin
Aminoglycosides
Bactrim
Aciclovir
Ganciclovir
Amphotericin
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Management of severe malnutrition

Severe malnutrition is defined as a severe wasting (< 70% weight 
for length or < -3 Z-score) and/or oedema.1 The global estimate 
of wasting is approximately 10% (approx 55 million children), 
with severe wasting at 3,5% (approximately 19 million children).2 
Stunting, however, is regarded as a problem of greater magnitude 
than underweight or wasting, as it more accurately reflects 
nutritional deficiencies and illness that occur during the most critical 
period of development and growth.3 Twenty four countries account 
for more than 80% of the worldwide burden of chronic undernutrition  
(i.e. stunting). South Africa is counted amongst one of these 
countries.3 It is not surprising that stunting is highest for the poorest 
segments of the population within countries.2 Stunting affects 
approximately 195 million children under the age of five years.3 
Malnutrition is an underlying factor in approximately 50% of the 
nearly 10 million deaths in children under the age of five years from 
preventable causes.4

Serious attention needs to be paid to the long-term effects and 
burden of undernutrition. The child is at its most vulnerable during 
the period of most rapid growth and development (this includes the 
period of significant brain formation).2,3 Chronic undernutrition results 
in diminished cognitive and physical development.3 Early growth 
failure (within the first two years of life) is associated with reduced 
adult stature, which in turn is associated with lower educational 
achievement as well as lower economic status in adulthood through 
reduced productivity and income earning capacity.3,5 The situation 
is further exacerbated by the increased risk of chronic disease in 
adulthood in children who had deficient growth before the age of 
two years, but experienced rapid weight gain in later stages of 
childhood.3 

Globally, progress toward achieving the Millenium Development 
Goals (MDG) has been varied, with some countries, most of them 
in sub-Saharan Africa, actually worsening in terms of the numbers 
of children who are underweight. The stunting prevalence has not 
decreased in the sub-Saharan Africa since the mid-1990s, with 

South Africa being one of these countries according to UNICEF.6,7 
Furthermore, South Africa has shown an increased trend since 1990 
in the mortality of children under the age of 5 years.8

There is, however, difference in the statistics given by UNICEF 
and the National Food Consumption Survey. From the NFCS there 
appears to be a slight decline in stunting from 1994 to 2005 at 23% 
and 18 % respectively. In the Western Cape stunting has remained 
static at around 12%. However, it would appear that the prevalence 
of wasting over the same period has increased slightly from 3 to 4,5 
nationally and alarmingly from 1 to 11,5 % in the Western Cape in 
the period from 1994 to 2005.9

Annually large amounts of money are invested to improve nutritional 
outcomes in poor countries by the international community. 
Approximately $250–300 million a year for the first half of this 
decade was invested in basic nutrition. This, however, translates to 
just over $2 a year per infant for the 130 million infants under two 
years who could benefit from the investment. This is less than the 
estimated $5–10 per child which effective large scale community 
nutrition programmes should be spending. Interestingly HIV/AIDS 
receives $2.2 billion per year in foreign aid, although it contributes 
less to “disability adjusted life years” than does child undernutrition. 
The serious consequences of undernutrition are not well understood 
at “high level”.7

 National policies

To achieve the first MDG target depends to a great extent on 
the effective implementation of large scale nutrition and health 
programmes that will provide appropriate food, health and care for 
all children within a country.3

The Lancet series10 reviewed the national strategies that have been 
proven to work. The interventions that had the greatest impact on 
reducing malnutrition and mortality were: iron supplementation, 
salt iodisation, vitamin A supplementation for children aged 6–59 

Abstract
In summary, if the Millenium Development Goals (MDGs) are to be addressed effectively, it is imperative that severe malnutrition be addressed 
at the international and national level, using strategies that work, and that additional resources are committed to improving hospital treatment 
and establishing community-based rehabilitation programmes.20 Many gaps still exist in our knowledge regarding the management of severe 
malnutrition at all levels. Until such time when research can fill these gaps, we will have to continue to use what guidelines have shown to 
produce positive results.
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months, breastfeeding strategies based on individual and group 
counselling, zinc supplementation in the management of diarrhoea, 
fortification of staple foods, behaviour change, communication 
to improve complementary feeding and interventions to improve 
hygiene practices.3,10

Certain actions have been found to be ineffective in reducing 
undernutriton such as growth monitoring (unless it is linked to 
adequate nutrition counselling and referral), preschool feeding 
programmes targeting children older than 24 months of age and 
school feeding programmes targeting children older than five years 
of age. This last strategy may, however, have non-nutritional benefits 
for education.10

Though not all effective strategies can be generalised for all 
countries, a sizeable effect can be achieved with high coverage of 
four or five proven interventions.11 However, for national strategies 
to be effective, commitment is required from all the country’s role-
players. In spite of the dire statistics, nutrition remains a low priority 
on the national development agendas of many countries and often 
has no clear institutional home.3,11 

Undernutrition often remains unnoticed until it has reached a severe 
level. Children may appear healthy even whilst facing the grave 
risks associated with undernutrition. Policy makers often do not 
understand the urgency of the situation and may not understand 
how improved nutrition contributes to long-term national, social and 
economic goals.3

In many cases, national programmes do not fully succeed due to the 
lack of political commitment (defined as the allocation of human, 
financial and organisational resources).11 National leaders and 
those who control national financial resources are more likely to be 
more successful in promoting nutrition strategies than public health 
advocates or technical staff from donor or UN agencies. Nutrition 
goals therefore should be included in all appropriate government 
sectors and their policies and operations. National sectors, other than 
Health, may also have an impact on nutritional status e.g. economic 
policies to address poverty, trade and agriculture, opportunities that 
are often under-exploited.11

However, political commitment to nutrition will also only result in 
improvements in nutritional status if supported by interventions 
that are effective and that are able to be implemented at high and 
sustainable levels of coverage. Historical evidence has shown that 
the nutrition of mothers and children can be improved relatively 
quickly, given the combined effort politically, strategic planning and 
adequate resources.11

Paradoxically, South Africa has poor health outputs and outcomes 
despite relatively high health expenditure and many supportive 
policies. The poor successes of policies are often due to the failure 
to build capacity to implement the policies and programmes and 
to monitor implementation. A great deal of attention and resources 
(including medical personnel) have been absorbed by a few health 
programmes, e.g. HIV programmes. South Africa’s commitment to 
the MDGs is being crippled by the relentless rise in the burden of 
diseases which is leading to a vicious cycle of increased expenditure, 
distorted responses by the health system, out-migration of human 
resources and increased social issues.12

The difficulties in implementing effective national strategies 
successfully is further exacerbated by an international nutrition 

system that has little respect for country generated plans, local 
timetables or political processes of a country.11

International actions

International initiatives often do not have the desired effects as 
they often behave adversarially and compete for attention. They 
also often siphon off scarce human resources and promote poorly 
designed solutions to problems that they cannot solve on their own. 
The function of international initiatives should be to directly support 
national structures in high burden countries and to produce “global 
public goods” e.g. setting standards and identifying priorities; 
mobilising, pooling and distributing financial resources; providing 
nutrition services where national sectors are unable or unwilling to 
do so themselves; strengthening human and institutional resources 
through training and capacity building and finally research and 
development.7

The international community devotes few resources to nutrition-
related organisational development in low and middle income 
countries. Many of the major international organisations seem to 
lack appropriately skilled staff at central level.

Efforts to manage undernutrition internationally have up to date 
mostly been fragmented. The Lancet series recommended that all 
interested parties working to eliminate undernutrition should come 
together to review the structures that are currently in place; at how 
to simplify the current system; how to strengthen regional and sub-
regional networks; and to develop a strategy to prioritise topics 
for research.7 The path forward, from projects and evidence from 
randomised controlled trials to developing large scale programmes 
with sound design to achieve results, needs to be identified.6

Facility-based management of severe malnutrition

Probably the best known international initiative for the management 
of severe acute malnutrition is the WHO guideline, Ten Steps for the 
management of severe malnutrition; promoted as the standard by 
which severely malnourished children should be treated.13,14

The literature indicates that if implemented correctly, the protocol 
can improve case fatality rates from around 40% to the order of 
1–5%.4

When reviewing the evidence on which the Ten Steps are based, it 
will be found that many studies were conducted in the 1960s and 
1970s where it became clear that high protein and fluid intakes 
> 150 ml/kg during the initial phase increased mortality, and that 
careful feeding regimens initially increasing in volume and density 
toward a high energy formula to aid rapid catch up growth, reduced 
mortality.15 These studies eventually led to the development of the 
WHO protocol. 

In 2006 Brewster published a critical review of the evidence on 
which the WHO guideline is based. The review highlights a number of 
aspects where the WHO guidelines may be lacking in evidence and 
which may be important to consider. He pointed out that there is a 
lack of evidence that the high mortality rates are directly proportional 
to the quality of care and that the severity of illness is also largely 
a contributing factor. He also suggests that a protocol alone is not 
sufficient in adequately managing severe malnutrition, but that an 
experienced health worker made better clinical judgments than 
one who follows a protocol.16 There appears to be support for 
recommendations made by the WHO on the necessity of routine 
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empirical antibiotic treatment, the prevention of hypoglycaemia 
through small frequent feeds, zinc supplementation, delayed iron 
supplementation, but that it may be preferable to provide smaller 
daily doses of vitamin A than a single large dose and that children with 
kwashiorkor may require more potassium than recommended.16,15 

The F75 and F100 formulas as recommended by the WHO must also 
be evaluated critically. These formulae have a number of apparent 
shortcomings that need to be addressed. Both formulae have high 
osmolalities, namely 333 and 419 mOsml/l and lactose contents of 
13 and 42 g/l respectively.15 The importance of lactose intolerance in 
severely malnourished children tends to be downplayed. Enteropathy 
is often a feature of severe malnutrition and is usually accompanied 
with clinically significant carbohydrate intolerance with osmotic 
diarrhoea.17

It is uncertain what the rationale is for the very low protein content 
of the F75 formula at only 4,8% of energy as protein. An implication 
of the very low protein content is that the phosphorous requirements 
recommended by the WHO are not met.15,17

Another matter for concern in many countries with a high burden 
of severely malnourished children is the poor accessibility to the 
commercially F75 and F100 diets recommended by the WHO. So 
health facilities need to mix their own formulae and have to add 
their own mineral and vitamin mixes.15 A matter that is not being 
considered, is the risk of nosocomial and food-related infections 
when milk formulae are prepared. In a study conducted in 2008 in 18 
public health facilities in South Africa by the DOH, it was found that 
a vast majority of the samples of powdered infant formulae tested 
positive for pathogens after preparation, indicating inadequate 
hygiene during feed preparation.18 It only stands to reason that a 
feed that requires a greater variety of constituents will run an even 
greater risk of being contaminated during preparation. Another 
shortcoming of mixing the formula from the recipe is that not all 
facilities have access to the vitamin and mineral mixes required to 
make up the micronutrient content. There is therefore a need for an 
affordable, hygienic and nutritional adequate alternative to the F75 
and F100 recipes.

Brewster17 pointed out that there are shortcomings in the guidelines 
in that the management of “marasmus” vs “kwashiorkor”; HIV 
negative and positive children; and teaching hospitals and rural 
hospitals are all “lumped” together. The WHO has confirmed that 
gaps in knowledge remain, particularly in the feeding of very young 
infants and also infants living with HIV/AIDS.19

Community-based therapeutic care

The area in the management of severe malnutrition that is enjoying 
considerable amount of attention is community-based therapeutic 
care.

Community-based care refers to treatment that is implemented at 
home with some external input such as a health worker.20 Motivations 
for implementation of community-based therapeutic care include 
factors such as hospital budgetary constraints, bed shortages, the 
reduction of hospital-acquired infections and requests by families for 
early discharge due to concern for the care of other family members 
or loss of earnings.20 One disadvantage to community-based care, 
is that the weight gain is often less than what is achieved during 
hospitalisation.

Community-based treatment occurs once the initial stabilisation 
phase during hospitalisation is completed. The initial stabilisation 
usually lasts two to seven days. Thereafter there are three main 
options for community-based care, namely: short-stay day care, 
rehabilitation at home with clinic visits, or rehabilitation at home with 
Ready to Use Therapeutic Foods (RUTF). There are advantages and 
disadvantages to all three option, and the option best suited to the 
situation should be considered.20 The international trend seems to be 
toward the third option of rehabilitation at home with RUTF. The RUTF 
is a paste where part of the skim milk is replaced with a groundnut 
paste. It is more energy dense than the F100 formula, but has a 
similar nutrient to energy density ratio.15,20 The advantages of the 
RUTF is that it does not support bacterial growth, can be consumed 
without the addition of water or processing, it is energy dense without 
the high osmolarity problem.15 There is also some evidence that the 
RUTF supports better weight gain than the F100.15,20 Limitations 
however to the RUTF are the high cost of the product, sharing of 
the product with other family members, compensatory reductions of 
home food and poor compliance.15

Community-based care will however only be effective if the 
infrastructure and adequate resources (including nutrition educators) 
are in place to provide the support to the mothers and caregivers 
after discharge. The mother or caregiver requires training on the 
importance of adequate feeding and rehabilitation at home and 
the child’s monitoring either through home visits or at the clinic.20 
Therefore, optimal community-based rehabilitation requires careful 
planning and cannot be implemented without considerable initial 
inputs and resources being in place.20
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The do’s and don’ts of arginine supplementation

Introduction

Nutritional therapy (in critical care) has generally been designed 

to meet the body’s nutritional needs for energy, protein and 

micronutrients. More recently, specialised nutritional supplements 

have been added to the standard enteral feeds to modulate the 

immune system. These nutrient supplements have been combined 

to form speciality enteral products referred to as immune-enhancing 

diets (IED). The body of literature supporting the use of IED has grown 

substantially in recent years and in 2001 consensus guidelines were 

developed by a panel of leading experts in the field.

There are a large number of these immuno-nutrients, each, or 

collectively, providing their own range of benefits for the critically 

ill patient. These include, but are not limited to, arginine, glutamine, 

omega fatty acids and selenium. Each of these compounds can be 

administered individually or combined with other nutritional support 

products.

Pharmaconutrition is a term that was coined by Heyland and 

colleagues1 proposing that the administration of immuno-nutrients 

be dissociated from the provision of enteral nutrition so that their 

full dose can be delivered and their therapeutic effects evaluated 

appropriately without being influenced by the disruption of feeding 

regimens. This concept is important when one considers that the 

combination of immuno-nutrients and feeds results in sub-therapeutic 

doses of the former being administered due to interruptions of 

feeding. These interruptions are usually due to digestive intolerance, 

mechanical complications with feeding tubes, airway management, 

diagnostic procedures or infusion pump inaccuracies.

Arginine

Arginine is a non-essential amino-acid that is thought to become 
conditionally essential during growth and recovery following injury. 
It acts as a precursor of nitric oxide, polyamines (important in 
lymphocyte maturation) and nucleotides.

In the last three decades the nutritional and pharmacologic effects 
of arginine have been the subject of numerous studies.2 Following 
initial work demonstrating that large doses of supplemental arginine 
possess immune-enhancing, wound-healing, and anti-tumour 
properties, there has been increased effort in defining possible 
clinical uses for arginine.3 

Furthermore, the demonstration that arginine is the unique substrate 
for nitric oxide synthesis stimulated further research in this area, 
with particular focus on traumatic/haemorrhagic shock and sepsis.4 
However, nitric oxide has been implicated as one of the aetiological 
factors responsible for systemic vasodilation during the systemic 
inflammatory response syndrome (SIRS) and therefore the use of 
arginine in this situation could potentially worsen patient outcome.

Arginine metabolism

Arginine is a dibasic amino acid. It is considered to be a dietary 
conditionally dispensable amino acid. The average daily dietary 
consumption of arginine is 5–6 g. Under normal conditions, 
endogenous daily production of 15–20 g occurs via the citrulline 
intestinal-renal axis.2 

A large proportion of arginine is used in protein synthesis, 
approximately 5% in urea synthesis, and a small portion (< 5%) 
is utilised by the nitric oxide synthase (NOS) enzyme system for 

Abstract
In the last three decades the nutritional and pharmacologic effects of arginine have been the subject of intense investigation. Taking into 
consideration the many benefits that have been demonstrated from arginine supplementation, the question remains: “Can we afford not 
to supplement with this immuno-nutrient”. The potential life-saving cardiovascular effects of arginine in both acute and chronic arginine 
supplementation has the ability to revolutionise the management of vascular disease, yet much more research must be done in this area. 
In addition, the proposed benefits of such supplementation in the sepsis model, makes arginine a very attractive model for decreasing the 
mortality statistics of this worldwide disease process. However, owing to the fact that arginine is a precursor for nitric oxide synthesis, the 
effects of which are potentially detrimental in the septic patient, further research is warranted in this field to determine the suitability of this 
agent in patient management.
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conversion to nitric oxide (NO). The intestinal absorption of arginine 
occurs via a transport system shared with lysine, ornithine, and 
cysteine. Arginine, ornithine, and lysine also share a common 
uptake and transport system in the brain, leukocytes, erythrocytes, 
fibroblasts, and leukocytes.2

The quantities of arginine produced normally are sufficient to 
maintain muscle and connective tissue mass. However, endogenous 
synthesis of arginine is insufficient to meet the heightened demands 
that increased protein turnover requires during periods of stress, such 
as critical illness. In such situations, arginine becomes indispensable 
for optimal growth and maintenance of positive nitrogen balance.2

Arginine also plays a key role within the urea cycle, the major pathway 
for ammonia detoxification. Arginase, the enzyme responsible for the 
catabolism of arginine in the urea cycle, has two distinct isoenzymes 
encoded by separate genes. Type I arginase, a cytosolic enzyme, 
is highly expressed in the liver as a component of the urea cycle, 
and is also present in wound-derived fibroblasts. Type II arginase 
is a mitochondrial enzyme expressed at lower levels in the kidneys, 
brain, small intestine, mammary glands, and macrophages. Any 
condition that increases demand for ammonia detoxification is likely 
to increase arginine requirements (Figure 1).2

This important pathway has been shown to be present in many 
tissues and cells including endothelium, brain, inflammatory cells 
(lymphocytes, macrophages, neutrophils, and mast cells), platelets, 
and hepatocytes. In addition to its role in vasodilatation, NO is a 
reputed neurotransmitter and cytotoxic effector molecule. NO is 
formed by oxidation of one of the two identical terminal guanidine 
groups of L-arginine, by NOS, a dioxygenase for which there are 
at least two identified isoforms. Both isoforms of NOS have been 
identified as flavoproteins, each containing flavine adenine 
dinucleotide and flavine adenine mononucleotide, and both are 
inhibited by diphenyleneiodonium, a flavoprotein inhibitor. Neuronal 
and endothelial NOS are expressed constitutively and are activated 
by Ca2+ /calmodulin. Inducible NOS is calcium independent and is 
expressed in response to inflammatory cytokines and endotoxins 
including interleukin-1, tumor necrosis factor-α, γ-interferon, and 
lipopolysaccharide.2

A third degradative pathway for arginine only recently has been 
described in mammalian tissues. This involves the decarboxylation of 

arginine to agmatine. The importance of this pathway in mammalian 

brain and other tissues is just beginning to be elucidated.5

Clinical Pharmacology of Arginine Supplementation

L-arginine is the precursor for the endogenous synthesis of NO due 

to the activity of NOS, which releases L-citrulline as a byproduct.6,7,8 

Although only a minor portion of L-arginine is metabolised via this 

pathway in vivo, it has attracted much interest in recent years 

because of the prominent role that NO plays in vascular physiology 

and pathophysiology. NO generated from L-arginine is a highly 

reactive radical gas and an important messenger molecule. At low 

concentrations like those produced by constitutive endothelial NOS 

(ecNOS) in the vasculature in vivo, NO acts as a paracrine-signaling 

molecule, mediating vasodilation,9 inhibition of platelet activation,10 

inhibition of monocyte and leukocyte adhesion,11 and inhibition of 

smooth muscle cell proliferation12 and controlling vascular oxidative 

stress and the expression of redox-regulated genes.13

In certain animal models and in some human diseases, the biological 

functions of endothelium-derived NO are impaired, leading to 

dysregulation of endothelial control of vascular tone and blood flow. 

Such models include hypercholesterolaemic rabbits, rat models of 

hypertension, and hyperlipidaemic monkeys.14 The mechanisms of 

this phenomenon are probably multi-factorial, including reduced 

NO elaboration by NOS, increased oxidative inactivation of NO, and 

enhanced formation of vasoconstrictor mediators like endothelin-1 

and thromboxane A2.14

What then is the role of L-arginine in this setting? 

NOS is inhibited by L-arginine analogs that are substituted at the 

guanidino nitrogen atom, like NG-monomethyl- L-arginine or  

NG-nitro-L-arginine.15 Inhibitory action of these molecules is 

overcome by excess L-arginine,15 indicating that there is competition 

for enzyme binding between L-arginine and its inhibitory analogs. 

Reduced activity of endothelial cell NOS was also shown to occur in 

the presence of low-density lipoprotein cholesterol; again, this effect 

can be overcome by excess L-arginine.16 Although the mechanism of 

this latter phenomenon has not yet been fully elucidated, these data 

demonstrate that, under certain conditions, L-arginine availability 

regulates endothelial cell NOS activity.

Soon after these first animal experiments had demonstrated a 

beneficial effect of L-arginine on endothelial function, it was shown 

that local intracoronary infusion of L-arginine normalised coronary 

vasomotor responses to acetylcholine in hypercholesterolaemic 

humans.17 A similar observation was also made upon systemic 

(intravenous) infusion of L-arginine in hypercholesterolaemic 

subjects, in whom endothelium-dependent forearm vasodilation 

was improved.18 These are important findings, because endothelial 

dysfunction precedes angiographically visible atherosclerotic lesions 

in large coronary arteries.19 Evidence from prospective clinical 

trials suggests that endothelial dysfunction is a predictor of future 

coronary events and therefore, reversal of endothelial dysfunction 

by L-arginine in vivo may suggest that this amino acid exerts  

anti-atherosclerotic effects in humans. 14

Figure 1: Metabolic pathways of arginine (OAT: ODC: NO:). OAT, ornithine aminotransgerase; 
ODC, ornithine decarboxylase; No, nitric oxide
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In addition to coronary artery disease, a number of studies have 
shown that oral L-arginine supplementation improves symptoms of 
certain vascular diseases as well (Table I).14

Although there is a bulk of evidence that supplementation with 
L-arginine—via the intra-arterial, intravenous, or oral route—
improves endothelial dysfunction in hypercholesterolaemia and 
atherosclerosis, endothelial dysfunction in other cardiovascular 
diseases (like hypertension) was not shown to be consistently 
improved by L-arginine administration. Therefore, while there is 
great promise for this immune-nutrient is the treatment of vascular 
diseases, it is certainly not the panacea that the world seeks.

Arginine in sepsis

Sepsis is a major complication of an acute infection, triggered by a 
systemic inflammatory reaction. It is characterised by a reduction in 
plasma and tissue arginine levels compared with healthy individuals 
or nonseptic critically ill patients.26,27,28 In addition, plasma amino 
acid levels are in general lower during sepsis, which is partly related 
to starvation due to limited nutritional protein supply, as well as to 
increased amino acid clearance27 through gluconeogenesis, oxidation 
for energy supply, and protein synthesis in especially the liver and 
immune cells. This negative amino acid balance appears not to 
be compensated for by the excessive protein catabolism (protein 
breakdown is increased by 50% in septic patients) that occurs.

Recent evidence suggests that arginine metabolism in sepsis is 
disturbed in various aspects, probably related to the severity of the 
inflammatory response and induced by inflammatory mediators. In 
sepsis, the endogenous synthesis of arginine from the amino acid 
citrulline, is reduced to one third of the normal level.28 

The rationale for arginine deficiency in sepsis is mainly based on the 
reduced arginine levels in sepsis that reflect the specific changes 
in arginine metabolism, with functional consequences regarding 
endothelial dysfunction, severe catabolism, impaired wound healing, 
and worse outcome. However, the direct effects of cytokines and 
hormones must also be considered in these pathophysiological 
processes as other amino acids can also be present in inadequate 
amounts.29

Only a few studies have investigated the effects of arginine 
supplementation in patients with sepsis. This exogenous arginine 
supplementation in sepsis shows controversial results with only 
limited data in humans and varying results in animal models of sepsis. 

Since the severity of sepsis varies, and the route, timing, and dose 

of arginine differ between studies, it is difficult to draw a definitive 

conclusion for the effect of exogenous arginine supplementation in 

sepsis, based on these studies.

Although studies on arginine supplementation in septic patients 

are scarce, major risks of exogenous arginine are ascribed to the 

suggested increase in NO synthesis. Stimulated NO production is 

related to reduced blood pressure and is suggested to impair cardiac 

contractility, induce liver damage, and increase vascular permeability 

and bacterial translocation from the intestine. In addition, oxidative 

stress (through production of peroxynitrite- a harmful metabolite 

formed from NO and superoxide that nitrates the tyrosine residues 

in proteins to nitrotyrosine) and mitochondrial dysfunction are 

considered further risk factors of increased NO and, therefore, 

indirect results of exogenous arginine supply.

While enhanced NO production in sepsis is suggested to be related 

to the detrimental effects of hemodynamic instability and enhanced 

oxidative stress, potential mechanisms for beneficial effects 

of exogenous arginine supplementation in sepsis must also be 

considered. These include enhanced (protein) metabolism, improved 

(micro) circulation and organ function, effects on immune function 

and antibacterial effects, improved gut function, and an antioxidant 

role of arginine.

Taking these potential benefits into consideration and the fact that 

Luiking et al30 have demonstrated that arginine can be given to septic 

patients without major effects on haemodynamics, more studies 

need to be done to determine the effects of arginine supplementation 

on septic patients.

Should we be supplementing arginine?

The benefits and side-effects of arginine supplementation tend to 

be related to the extent to which it influences the production of NO 

via the NOS pathway. As with any medication, over administration 

leads to undesirable effects which potentially lead to problems in 

the patient. This effect is made more obvious in patients where 

physiological homeostatic mechanisms are already at breaking point 

(such as in sepsis) (Figure 2).31

Taking into consideration the many benefits that have been 

demonstrated from arginine supplementation, the question remains: 

“Can we afford not to supplement with this immuno-nutrient”.

Table I: Diseases in which L-arginine has been demonstrated to improve clinical end points of cardiovascular disease

Disease L-arginine dose a Effect 

Peripheral Arterial Disease
3 x 8g/d iv

30g iv

Increased Walking distance20

Increased Nutritive Muscle Blood Flow21

Coronary Artery Disease
3 x 3 g/d iv

3 x 2 g/d iv

Decreased Angina Symptom Score22

Increased Exercise Capacity23

Congestive Heart Failure 5.6–12.6 g/d po Increased Exercise Capacity24

Raynaud Syndrome 8.5 mg/min ia Decreased Vasospasm Attacks25

‘a – Routes of administration – iv = intravenously, po = orally, ia = intra-arterially
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The potential life-saving cardiovascular effects of arginine in both 
acute and chronic arginine supplementation has the ability to 
revolutionise the management of vascular disease, yet much more 
research must be done in this area.

In addition, the proposed benefits of such supplementation in the 
sepsis model, makes arginine a very attractive model for decreasing 
the mortality statistics of this worldwide disease process. However, 
owing to the fact that arginine is a precursor for NO synthesis, the 
effects of which are potentially detrimental in the septic patient, 
further research is warranted in this field to determine the suitability 
of this agent in patient management.

Therefore, while both in-vitro and in-vivo work points towards 
arginine being a very useful immuno-nutrient in the management of 
both vascular diseases and sepsis, a lot more research must be done 
to determine not only the extent of the benefits of this therapy, but 
also the doses required to achieve these benefits. In addition safety 
data is lacking, especially with regards to the role of NO in the septic 
patient. The question remains: Will arginine supplementation lead to 
worsening of the inflammatory response in the septic patient? 

In summary

The Do’s – Keep abreast of the new research being done in the field 
of arginine supplementation and the potential benefits this therapy 
may provide.

The Don’ts – Be cautious and do not start your patient on 
supplemental arginine just yet. While there are potentially great 
therapeutic benefits in this treatment modality, its safety (especially 
in sepsis) is still to be consistently documented.
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Figure 2: The beneficial and harmful effects of arginine supplementation.  
(NO: nitric oxide)
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New developments in clinical practice guidelines

During the last four years revised clinical practice guidelines have 

been published by the major nutritional societies: The American 

Society of Enteral and Parenteral Nutrition (ASPEN),1 the European 

Society for Clinical Nutrition and Metabolism (ESPEN)2–11 and the 

Canadian Critical Care Clinical Practice Guidelines Committee 

(CCPG)12 with latest updates from www.criticalcarenutrition.com.

These guidelines agree on most points concerning the nutritional 

support of critical ill patients and will be outlined in a short form. Any 

discrepancies will be highlighted. This outline follows the structure 

of the most recent ASPEN guideline.1 Due considerations relating to 

special diagnoses have not been incorporated in this paper.

Enteral nutrition

Which patient

All: Enteral nutrition (EN) is the preferred form of nutrition support in 

the critical ill patient who is unable to maintain volitional intake. 

ESPEN: It should be given to all patients who are not expected to be 

on a full oral diet within 3 days.

Timing of enteral nutrition

All: EN should be started within the first 24–48 hours following 

admission.

Route of enteral feeding

All: Either gastric or small bowel feeding is acceptable in the ICU 

setting. Critically ill patients should be fed via an enteral access 

tube placed in the small bowel if at high risk for aspiration or 

after showing intolerance to gastric feeding (high gastric residual 

volumes). According to ESPEN, jejunal feeding is likely to be the best 

option when it can be easily implemented (post abdominal trauma or 

elective abdominal surgery). 

CCPG: The routine use of small bowel feedings is recommended in 

units where obtaining small bowel access is feasible.

Dosage of enteral feeding

ASPEN: The feedings should be advanced toward the patient’s goal 

over the next 48–72 hours. Energy requirements may be calculated 

by predictive equations or measured by indirect calorimetry. 

Efforts to provide > 50%–65% of goal energy should be made in 

order to achieve the clinical benefit of EN over the first week of 

hospitalisation. 

ESPEN: No general amount can be recommended as EN therapy has 

to be adjusted according to the progression/course of the disease 

and to gut tolerance. During the acute and initial phase of critical 

illness an exogenous energy supply in excess of 20–25 kcal/kg 

BW/day may be associated with a less favourable outcome. During 

recovery (anabolic flow phase), the aim should be to provide 25–30 

total kcal/kg BW/day.

•	 Controversy:

 ASPEN/CCPG: If unable to meet energy requirements (100% 

of target goal energy) after 7–10 days by the enteral route 

alone, consider initiating supplemental parenteral nutrition (PN). 

Initiating supplemental PN prior to this 7–10 day period in the 

patient already receiving EN does not improve outcome and may 

be detrimental to the patient. 

 ESPEN: All patients who do not meet their nutritional needs after 

2 days should receive supplemental PN.

Abstract
During the last four years revised clinical practice guidelines on nutritional support have been published by the major nutritional societies 

worldwide. The aim of these guidelines is to promote the safe and effective care of patients who need nutritional support as part of their 
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Protein requirements

ASPEN: In patients with body mass index (BMI) < 30, protein 

requirements should be in the range of 1.2–2.0 g/kg actual body 

weight per day, and may likely be even higher in thermally injured or 

multi-trauma patients. 

Obese patients

ASPEN: In the critically ill obese patient, permissive underfeeding 

or hypocaloric feeding with EN is recommended. For all classes of 

obesity where BMI is > 30, the goal of the EN regimen should not 

exceed 60%–70% of target energy requirements or 11–14 kcal/kg 

actual body weight per day (or 22–25 kcal/kg ideal body weight per 

day). Protein should be provided in a range ≥ 2.0 g/kg ideal body 

weight per day for Class I and II obese patients (BMI 30–40), and  

≥ 2.5 g/kg ideal body weight per day for Class III obese patients 

(BMI ≥ 40). 

Haemodynamically unstable patients

ASPEN: In the setting of haemodynamic compromise (patients 

requiring significant haemodynamic support including high dose 

catecholamine agents, alone or in combination with large volume 

fluid or blood product resuscitation to maintain cellular perfusion), 

EN should be withheld until the patient is fully resuscitated  

and/or stable. 

Monitoring tolerance and adequacy

ASPEN: In the ICU setting, evidence of bowel motility (resolution of 

clinical ileus) is not required in order to initiate EN in the ICU. In the 

ICU patient population, neither the presence nor absence of bowel 

sounds nor evidence of passage of flatus and stool is required for 

the initiation of enteral feeding. 

Patients should be monitored for tolerance of EN (determined by 

patient complaints of pain and/or distention, physical exam, passage 

of flatus and stool, abdominal radiographs). Inappropriate cessation 

of EN should be avoided. Holding EN for gastric residual volumes 

< 500 mL in the absence of other signs of intolerance should be 

avoided. 

ESPEN/CCPG: IV administration of metoclopramide or erythromycin 

should be considered in patients with intolerance to enteral feeding 

e.g. with high gastric residuals.

ASPEN/CCPG: Use of enteral feeding protocols increase the likelihood 

of overall attainment of percentage of goal energy provided and 

should be implemented. 

ASPEN: Patients placed on EN should be assessed for risk of 

aspiration. Steps to reduce risk of aspiration should be employed. 

 In all intubated ICU patients receiving EN, the head of the bed 

should be elevated 30°–45°. Use of chlorhexidine mouthwash 

twice a day should be considered to reduce risk of ventilator-

associated pneumonia. Blue food colouring and glucose oxidase 

strips, as surrogate markers for aspiration, should not be used 

in the critical care setting.

ASPEN: Development of diarrhoea associated with enteral tube 

feedings warrants further evaluation for aetiology. If there is evidence 

of diarrhoea, soluble fibre containing or small peptide formulations 

may be utilised. 

Immune-modulating enteral formulations

ASPEN/ESPEN: Immune-modulating enteral formulations 

(supplemented with agents such as arginine, glutamine, nucleic acid, 

ω-3 fatty acids, and antioxidants) should be used for the appropriate 

patient population (major elective surgery, trauma, burns, head and 

neck cancer, and critically ill patients on mechanical ventilation), 

with caution in patients with severe sepsis. ICU patients not meeting 

criteria for immune-modulating formulations should receive standard 

enteral formulations. 

To receive optimal therapeutic benefit from the immune-modulating 

formulations, at least 50%–65% of goal energy requirements should 

be delivered daily. 

CCPG: Based on 4 level 1 (A) studies and 17 level 2 (B) studies, we 

recommend that diets supplemented with arginine and other select 

nutrients not be used for critically ill patients.

ALL: Patients with ARDS and severe acute lung injury (ALI) 

should be placed on an enteral formulation characterised by an 

anti-inflammatory lipid profile (i.e. ω-3 fish oils, borage oil) and 

antioxidants. 

Probiotics

•	 Controversy: 

ASPEN: Administration of probiotic agents has been shown to 

improve outcome (most consistently by decreasing infection) in 

specific critically ill patient populations involving transplantation, 

major abdominal surgery, and severe trauma. No 

recommendation can currently be made for use of probiotics in 

the general ICU population due to a lack of consistent outcome 

effect. It appears that each probiotic species may have different 

effects and variable impact on patient outcome, making it 

difficult to make broad categorical recommendations. Similarly, 

no recommendation can currently be made for use of probiotics 

in patients with severe acute necrotising pancreatitis, based on 

the disparity of evidence in the literature and the heterogeneity 

of the bacterial strains utilised. 

CCPG: There are insufficient data to make a recommendation 

on the use of prebiotics/probiotics/synbiotics in critically ill 

patients.

Antioxidant	vitamins	and	selenium

ASPEN/CCPG: A combination of antioxidant vitamins and trace 

minerals (specifically including selenium) should be provided to all 

critically ill patients receiving specialised nutrition therapy.

There are insufficient data to make a recommendation regarding IV/

PN selenium supplementation alone, or in combination with other 

antioxidants, in critically ill patients.
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Glutamine (enteral)

All: The addition of enteral glutamine to an EN regimen (not already 
containing supplemental glutamine) should be considered in 
thermally injured, trauma, and mixed ICU patients.

Soluble fibre

ASPEN: Soluble fibre may be beneficial for the fully resuscitated, 
haemodynamically stable critically ill patient receiving EN who 
develops diarrhoea. Insoluble fibre should be avoided in all critically 
ill patients. Both soluble and insoluble fibre should be avoided in 
patients at high risk for bowel ischaemia or severe dysmotility.

CCPG: There are insufficient data to support the routine use of 
fibre (pectin or soy polysaccharides) in enteral feeding formulae in 
critically ill patients.

Parenteral nutrition

General indication

ASPEN: A critically ill ICU patient may be an appropriate candidate 
for PN under certain circumstances: (i) The patient is well nourished 
prior to admission, but if after 7 days of hospitalisation EN has not 
been feasible or target energy goal has not been met consistently 
by EN alone, (ii) On admission, the patient is malnourished and 
EN is not feasible, (iii) A major surgical procedure is planned, the 
preoperative assessment indicates that EN is not feasible through 
the perioperative period, and the patient is malnourished.

ESPEN: All patients who are not expected to be on normal 
nutrition within 3 days should receive PN within 24– 48 h, if EN is 
contraindicated or if patients cannot tolerate EN. 

Patients without malnutrition

•	 Controversy: 
ASPEN: If early EN is not feasible or available the first 7 days 
following admission to the ICU, no nutrition support therapy (i.e. 
standard therapy) should be provided. In the patient who was 
previously healthy prior to critical illness with no evidence of 
protein-energy malnutrition, use of PN should be reserved and 
initiated only after the first 7 days of hospitalisation (when EN is 
not available).  
ESPEN: In patients who tolerate EN and can be fed 
approximately to the target energy values no additional PN 
should be given. In patients who cannot be fed sufficient 
enterally the deficit should be supplemented parenterally. 
In patients intolerant to EN, PN may be proposed at a level 
equal to but not exceeding the nutritional needs of the patient. 
Overfeeding should be avoided.

Patients with malnutrition

ASPEN: If there is evidence of protein-energy malnutrition on 
admission and EN is not feasible, it is appropriate to initiate PN as 
soon as possible following admission and adequate resuscitation.

ESPEN: Patients with a severe undernutrition should receive EN up 
25–30 total kcal/kg BW/day. If these target energy values are not 

reached, supplementary PN should be given.

Central or peripheral access

ESPEN: A central venous access device is often required to administer 

the high osmolarity PN mixture designed to cover the nutritional 

needs fully. Peripheral venous access devices may be considered 

for low osmolarity (< 850 mOsmol/L) mixtures designed to cover a 

proportion of the nutritional needs and to mitigate negative energy 

balance.

All-in-on bags

ESPEN: PN admixtures should be administered as a complete all-

in-one bag.

Dosing

ASPEN: In all ICU patients receiving PN, mild permissive underfeeding 

should be considered at least initially. Once energy requirements are 

determined, 80% of these requirements should serve as the ultimate 

energy goal or dose of parenteral feeding. Eventually, as the patient 

stabilises, PN may be increased to meet energy requirements. For 

obese patients (BMI ≥ 30), the dose of PN with regard to protein and 

energy provision should follow the same recommendations given for 

EN. 

ESPEN: During acute illness, the aim should be to provide energy 

as close as possible to the measured energy expenditure in order 

to decrease negative energy balance. In the absence of indirect 

calorimetry, ICU patients should receive 25 kcal/kg/day increasing 

to the energy target over the next 2–3 days.

CCPG: In critically ill patients who are not malnourished, are tolerating 

some EN, or when PN is indicated for short term use (< 10 days), low 

dose PN should be considered. There are insufficient data to make 

recommendations about the use of low dose PN in the following 

patients: those requiring PN for long term (> 10 days), obese critically 

ill patients, and malnourished critically ill patients. Practitioners will 

have to weigh the safety and benefits of low dose PN on an individual 

case-by-case basis in these latter patient populations.

Parenteral nutrition supplementary to enteral nutrition

•	 Controversy:

 ASPEN: A critically ill ICU patient may be an appropriate 

candidate for PN under certain circumstances:

 (i) The patient is well nourished prior to admission, but after 

7 days of hospitalisation, EN has not been feasible or target 

energy goal has not been met consistently by EN alone. 

 ESPEN: All patients receiving less than their targeted enteral 

feeding after 2 days should be considered for supplementary 

PN.

 CCPG: We recommend that PN not be started at the same time 

as enteral nutrition. In the patient who is not tolerating adequate 

enteral nutrition, there are insufficient data to put forward a 

recommendation about when PN should be initiated. 
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Carbohydrates

ESPEN: The minimal amount of carbohydrate required is about  

2 g/kg of glucose per day.

Glucose control

ASPEN: A protocol should be in place to promote moderately strict 

control of serum glucose when providing nutrition support therapy.  

A range of 6– 8 mg/dL may be most appropriate.

ESPEN: Hyperglycaemia (glucose > 10 mmol/L) contributes to death 

in the critically ill patient and should also be avoided to prevent 

infectious complications. Reductions and increases in mortality rates 

have been reported in ICU patients when blood glucose is maintained 

between 4.5 and 6.1 mmol/L. No unequivocal recommendation has 

been reported in ICU patients when blood glucose is maintained. 

There is a higher incidence of severe hypoglycaemia in patients 

treated to the tighter limits.

Canadian Guidelines: We recommend that hyperglycaemia (blood 

sugars > 10 mmol/L) be avoided in all critically ill patients. Based on 

the NICE-SUGAR study and a recent meta-analysis, we recommend 

a blood glucose target of around 8.0 mmol/L (or 7–9 mmol/L), rather 

than a more stringent target range (4.4 to 6.1 mmol/L) or a more 

liberal target range (10 to 11.1 mmol/L).

Lipids

ASPEN/Canada: In the first week of hospitalisation in the ICU, when 

PN is required and EN is not feasible, patients should be given a PN 

formulation without soy-based lipids.

ESPEN: Lipid emulsions should be an integral part of PN for energy 

and to ensure essential fatty acid provision in long-term ICU patients. 

The tolerance of mixed LCT/MCT lipid emulsions in standard use 

is sufficiently documented. Several studies have shown specific 

clinical advantages over soybean LCT alone but require confirmation 

by prospective controlled studies. Olive oil-based PN is well tolerated 

in critically ill patients. Addition of EPA and DHA to lipid emulsions 

has demonstrable effects on cell membranes and inflammatory 

processes. Fish oil-enriched lipid emulsions probably decrease 

length of stay in critically ill patients. Intravenous lipid emulsions 

(LCT, MCT or mixed emulsions) can be administered safely at a rate 

of 0.7 g/kg up to 1.5 g/kg over 12–24 h.

Amino acids

ESPEN: When PN is indicated, a balanced amino acid mixture should 

be infused at approximately 1.3–1.5 g/kg ideal body weight per day 

in conjunction with an adequate energy supply.

Canadian Guidelines: In critically ill patients who are receiving PN, 

there are insufficient data to make a recommendation regarding the 

use of branched chain amino acids.

Glutamine (parenteral)

All: When PN is indicated in ICU patients the amino acid solution 

should contain 0.2–0.4 g/kg/day of L-glutamine (e.g. 0.3–0.6 g/kg/

day alanyl-glutamine dipeptide).

Micronutrients

All: All PN prescriptions should include a daily dose of multivitamins 

and of trace elements.

Efforts to initiate enteral feeding

ASPEN: In patients stabilised on PN, periodically repeated efforts 

should be made to initiate EN. As tolerance improves and the volume 

of EN energy delivered increases, the amount of PN energy supplied 

should be reduced. PN should not be terminated until ≥ 60% of target 

energy requirements are being delivered by the enteral route. 
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Nutrition in paediatric Crohn’s disease

Crohn’s disease CD manifests during childhood or adolescence. 

Protein-energy malnutrition (PEM) is a frequent consequence of 

CD.1–3 PEM in childhood and adolescence leads to failure to thrive 

and deficit in final height. According to different studies and to 

diagnosis delays, linear growth is reduced in one to two third of 

affected children at the time of diagnosis. However, comparison 

between populations is difficult because the definition of growth 

retardation varies according to different studies.1–3 Protracted PEM 

with subsequent failure to thrive is associated with an impairment in 

the achievement of the final target size. In addition, protracted use of 

steroids and/or insufficient control of the disease activity may further 

impair growth and body composition.

Primary therapy for CD, has two aims, namely i) the control of 

the inflammatory process, as assessed by the the paediatric 

Crohn’s disease activity index (PCDAI) as well as ii) the correction 

or the prevention of malnutrition and failure to thrive. One of the 

“peculiarities” of CD is the ability of nutritional therapy to achieve 

both of them. Growth is fundamental to the practice of paediatrics, 

so by taking growth as the primary outcome measure in this chronic 

inflammatory disease, an important issue is addressed for the 

patients and their families as well as for paediatricians.

Factors inducing malnutrition and failure to thrive

Several associated factors are responsible for PEM, including 

poor oral intake, intestinal malabsorption, increased gut losses 

from protein losing enteropathy, increased nutrient requirements, 

increased protein turn over, and drug nutrient interactions (Table I).4–11 
Energy and protein substrates are diverted into the inflammatory 
process, thus weight loss, and linear growth as well as pubertal 
development in children are notably retarded. There is considerable 
controversy about nutritional needs during phases of active and 
inactive disease. It is, for example, often assumed that in acute 
illness a child requires increased nutritional support, however the 
precise relationship between illness severity and energy expenditure 
is uncertain. Measurement of resting energy expenditure (REE) and 

Abstract
Inflammatory bowel disease (IBD) such as Crohn’s disease (CD) results from the interaction between an individual’s immune response and 
precipitant environmental factors, which generate an anomalous chronic inflammatory response in those who are genetically predisposed. 
Protein-energy malnutrition (PEM) is a frequent consequence of CD. Macrophage products such as Tumour Necrosis Factor-α (TNF-α) and 
interleukins 1 and 6 may be the central molecules that link the inflammatory process to derangements of homeostasis. CD is associated with 
frequent nutritional deficiencies, the pattern and severity of which depends on the extent, duration and activity of the inflammation. Nutritional 
support is especially important in childhood CD as an alternative to pharmacological treatment, especially steroids. Current treatment regimens 
limit the use of corticosteroids, by using immunomodulatory drugs, recommend the use of enteral nutrition, and, if necessary, consider surgery 
for intestinal complications of localised CD. Biologic agents with the potential for mucosal healing hold promise of growth enhancement even 
among children whose growth remained compromised with previously available therapies. For all treatment modalities, there is a window of 
opportunity to achieve normal growth before puberty is too advanced.
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Table I: Causes of malnutrition in Crohn’s disease

Reduced oral intake
Disease induced anorexia
Restrictive diet/iatrogenic

Intestinal malabsorption
Decreased absorptive surface (mucosal injury)
Bile salt deficiency (ileal disease)
Intraluminal bacterial overgrowth

Increased intestinal losses
Protein-losing enteropathy
Blood loss
Electrolytes, minerals, trace elements (fistula) 

Increased requirements
Increased energy expenditure (sepsis, fever, tissue repair)
Impaired protein metabolism (inflammation, cytokines)

Drug-nutrient interactions
Corticosteroids (calcium, protein)
Cholestyramine (fat, fat soluble vitamins)
Sulphasalasine
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its relationship with disease activity in children with inflammatory 
bowel disease has provided conflicting results.6–9

Macrophage products such as Tumour Necrosis Factor-α (TNF-α) 
and interleukins 1 and 6 may be the central molecules that link 
the inflammatory process to derangements of homeostasis.12,13 An 
association between impaired growth in children with CD and low 
IGF-I levels is well recognised. Early studies emphasised the role 
of malnutrition in the suppression of IGF-I production. Insulin-like 
growth factor I (IGF-I), produced by the liver in response to growth 
hormone (GH) stimulation, is the key mediator of GH effects at the 
growth plate of bones.14 However, a simple nutritional hypothesis 
fails to explain all the observations related to growth in children 
with CD. The direct, growth-inhibitory effects of pro-inflammatory 
cytokines are increasingly being recognised and explored. In rats 
with trinitrobenzenesulphonic acid-induced colitis, 40% of growth 
impairment was attributable to inflammation, with the rest being due 
to undernutrition.15 In transgenic mice without inflammation, raised 
IL-6 retards growth and suppressing insulin-like growth factor 
(IGF)-I.16 

Steroid dependency and their side effects when used for a long 
period, justify the need to limit their use. The permanent height 
deficit documented in children with CD seems to be directly linked to 
the duration of steroid treatment and to the age of diagnosis or the 
localisation of the disease.17,18 Whatever the consequences on the 
final height, which vary from one study to another, the consideration 
of the quality of the bone mineralisation has now become of a 
greater concern in relation to both the degree and the persistence of 
inflammation as well as the long-term use of steroids.19 

Enteral feeding

CD is associated with frequent nutritional deficiencies, the pattern 
and severity of which depends on the extent, duration and activity 
of the inflammation. Nutritional support allows these deficiencies in 
energy, macro- and micro-nutrients to be corrected. Enteral feeding 
(EF) is a primary therapy for CD, as it allows the inflammatory activity 
to be controlled and the patient to be kept in remission. Nutritional 
support is especially important in childhood CD as an alternative 
to pharmacological treatment, especially steroids. O’Morain et al 
were the first to perform a controlled study in acute CD showing 
that EF based on an elemental diet was as effective as steroids, 
with remission rates of 81 and 80%, respectively.20 Subsequent 
prospective controlled trials have confirmed the therapeutic efficacy 
of EF, even if the published meta-analyses of EF as primary therapy 
in CD reported only a modest advantage for steroids.21–24 However, 
the value of nutritional support in the correction and maintenance of 
nutritional status is widely accepted.25

Enteral feeding (EF) has been traditionally proposed in the proximal 
localisation of the disease where its efficacy has been documented. 
However, many cases with disease involving the colon have been 
reported.26,27 The therapeutic effect of EF is multifactorial (Table II). 
Whether or not the type of enteral feeds is elemental, oligopeptides 
(protein hydrolysate) or whole protein may influence the result of 
EF still remains the subject of debate.28,29 Intriguingly, there is also 
increasing evidence that an aggressive nutritional programme may 

in itself be sufficient to reduce the mucosal inflammatory response. 
EF alone may reduce many pro-inflammatory cytokines to normal, 
and allow mucosal healing.30,31 In addition, specific nutritional 
components, such as n-3 polyunsaturated fatty acids, may have an 
anti-inflammatory effect as they may alter the pattern of leukotrienes 
generated during the immune response.32 Several other factors have 
also been thought to determine the response to EF (Table II). Recent 
studies have emphasised the role of anti-inflammatory cytokine 
such as transforming growth factor-beta (TGFb) present in the diet.  
A polymeric diet (Modulen IBD®, Nestlé®) rich in tTGFb2 is now 
widely used as a single nutrient and has been shown to induce 
remission in children with active CD.33 We have recently reported 
the beneficial effects of this diet in children regardless of the route of 
administration orally or by gastric tube feeding.34 Moreover, Lionetti 
et al studied intestinal microbiota in children receiving full EF using 
Modulen IBD® for 8 weeks.35 In 8 out of 9 children, the exclusive EF 
alone induced disease remission. In 1 child, steroids were added to 
achieve remission. In all children, analysis of gel band distribution 
revealed profound modification of the intestinal microbiota after 
exclusive EF. These data suggest that a possible mechanism of 
action of EF in inducing disease remission in CD is the capacity 
of modification of intestinal microbiota. Possible explanations of 
such capacity are both low residue and prebiotic properties of the 
polymeric liquid formula. In another study, exclusive EF was shown 
to reduce bacterial diversity and to initiate a sustained modulation 
of all predominant intestinal bacterial groups.36 Exclusive EF may 
reduce inflammation through modulating intestinal Bacteroides 
species. The implications of these results for exclusive EF therapy 
and CD pathogenesis has became an important area of research. 

Phenotype as well as genotype of the disease have been thought 
to influence the response to EF. Buchanan et al reported an 8-week 
course of primary exclusive EF in 114 children, median age at 
diagnosis was 11.6 years.37 Disease phenotype was assigned using 
published classifications. Inflammatory markers and anthropometry 
(Z-scores) were calculated before and after treatment. Fifty-seven 
children (51.8%) were fed orally whilst 53 (48.2%) were fed by tube. 
Eighty-eight children (80%) achieved remission. Patients in remission 
had comparative improvements in weight and BMI Z-scores by  
the end of treatment. Individuals with isolated terminal ileal disease 
(N = 4) had lower remission rates than children in whom CD affected 
other locations (P = 0.02). No other significant differences in remission 
rates for any other disease locations were found. The authors 
concluded that EF nutrition induced clinical remission, normalisation 
of inflammatory markers and improved weight/BMI Z-scores in most 
patients. This study demonstrated that disease phenotype should not 
influence clinicians when commencing patients on exclusive EF.37 

Table II: Mode of action of enteral feeding in Crohn’s disease

- Bowel rest
- Reduced intestinal secretions
- Low antigenic load
- Decreased intestinal permeability
- Anti-inflammatory effect of diet (transforming growth factor-beta (TGFb2)
- Modification of intestinal microbiota
- Trophic nutrients
- Improved nutritional status
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It has also been recently reported that the response to treatment 
with systemic steroids, AZA/6-MP and infliximab are not related to 
NOD2/CARD15 mutations, age of diagnosis and disease behaviour. 
Patients with colonic disease seem to have higher rates of steroid 
dependency.38

Although the totality of the evidence is not consistent, available data 
suggest that EF may be useful for maintaining remission in patients 
with CD. Large randomised controlled trials are necessary to assess 
definitively the efficacy of EF in the maintenance of CD remission.39

Parenteral nutrition

In the early 1970s, it was postulated that “bowel rest” achieved by 
the administration of parenteral nutrition (PN) might be of primary 
importance in the treatment of CD. Many trials since then examined 
this theory, but the results were difficult to interpret because of 
major methodological flaws. Greenberg et al achieved a prospective, 
controlled trial to compare directly the efficacy of TPN with continuous 
EF as a primary therapy in patients with CD40 and found similar short 
term remission rates and long-term outcomes in patients receiving 
either treatment.41–43

The role of intraluminal nutrients and the preservation of the intestinal 
mucosal barrier function seems very important and makes the use 
of TPN questionable. Thus, TPN can no longer be regarded as having 
a role in the primary treatment of active uncomplicated CD. Its use 
in complicated disease remains, but probably in an adjunctive rather 
than a therapeutic role (Table III).

Immunosuppressive therapies influencing growth

Early forms of CD in children are usually severe because of the 
diagnostic challenges, the extent of the lesions and CD’s duration. 
In the adolescent or the young adult it is now possible to predict 
the outcome of the disease based on the extent and severity of the 
lesions at the time of the first CD episode. 44 CD can be considered 
to be a lifetime disease with a major risk of extension and growth 
impairment. Childhood CD therefore requires a therapeutic approach, 
even more so when discovered early, which aims to limit long-term 
use of steroids and surgery. In a long term therapeutic strategy CD 
cases in very young children might justify the wider and earlier use of 
immunosuppressive drugs such as azathioprine, 6-mercaptopurine 
or methotrexate in view of the documented efficacy of these drugs in 
maintaining remission in serious and/or steroid dependent CD cases 
in adults as well as in children.45–48

The efficacy of infliximab as maintenance therapy in patients 
with otherwise chronically active CD is well established. Data 
concerning linear catch up growth following anti-TNF therapy are 
now available. In a cohort of 32 children and adolescents (63% 

males; mean age 13.4 years, range 4.7–17.3) with chronically active 
CD, despite immunomodulatory and prior corticosteroid therapy, 
were commenced on infliximab therapy. 49 Growth parameters 
standardised for age, gender, and pubertal development prior to and 
following infliximab therapy were compared. In all, 28 of 32 patients 
tolerated and responded to the induction regimen and 27 responders 
continued to receive infliximab via regularly scheduled infusions  
(n = 22) or episodically (n = 5) for a median of 26 months. Mean 
standard deviation score (SDS) for height at the time of initiation of 
infliximab therapy was -1.15 +/- 1.2 and had declined despite the use 
of other therapies from -0.44 +/- 1.1 at initial diagnosis. Increases in 
height velocity and stature during infliximab therapy were limited by 
pubertal stage: Tanner I-III: DeltaSDS for height velocity was +3.94, 
for height +/-0.50, (P < 0.001); Tanner IV, V: DeltaSDS for height 
velocity +0.22, for height +/- 0.02, (P = NS). The authors concluded 
that height velocity improved and height centile increased during 
infliximab therapy provided patients were treated prior to or in early 
puberty. These data support the use of infliximab in young patients 
with otherwise refractory disease, and suggest that ultimate height 
in this subset of children with severe CD may be less compromised 
than with previous therapies.49 A recent prospective study involved 
176 children (mean age 10.1 years; 65% male) younger than  
16 years old at diagnosis and Tanner I to III during the study. They 
had mild (33%) or moderate/severe (67%) disease at diagnosis. 50 
Clinical and growth data were prospectively obtained during the study. 
First-year treatments included immunomodulators (60%), 
corticosteroids (77%), 5-aminosalicylates (61%), anti-TNF (15%), 
and EF (10%).Disease activity at one year was inactive/mild 
(89%) or moderate/severe (11%). By two years, 86% had received 
immunomodulators and 36% anti-TNF. Mean height Z-scores at 
diagnosis, one year, and two years were -0.49 +/- 1.2 standard 
deviations (SDs), -0.50 +/- 1.2, and -0.46 +/- 1.1, respectively.  
Of the subjects, 10%, 8%, and 6.5% had height Z-scores less than  
-2 SD at diagnosis and 1 year, and 2 years of treatment respsectively. 
A height velocity Z-score less than -1SD was seen in 45% of subjects 
at one year and 38% at two years. The mean height velocity Z-score, 
however, increased between one and two years from -0.71 to 0.26  
(P < 0.03). Duration of corticosteroid use longer than six months 
in the first year of treatment was associated with abnormal height 
velocity at one year. Interestingly, no statistically significant effect on 
height velocity Z-scores was noted when comparing those receiving 
or not receiving infliximab. The persistent growth delay despite 
improved disease activity and the frequent use of immunomodulators 
and biologics suggests that additional strategies are needed to 
improve growth outcomes. Although surgery has been shown to 
improve growth velocity, it does not prevent relapse.51 Thus surgery 
should be used only in refractory and limited CD resistant to anti-TNF 
treatment.

Introduction of rhGH therapy in children was associated with 
a cessation in the deterioration in linear growth. However, an 
improvement in height SDS was not observed over the period of the 
study.52 Future studies should explore the efficacy of a higher dose 
of rhGH in CD. Because of the unfavourable cost and side effects of 
rhGH considerations, it is now probably preferable to avoid long term 
steroid treatment and/or to use nutritional therapy whose efficacy 
has been documented in children.53

Table III: Indications for parenteral nutrition

- Severe fulminant enterocolitis
- Enteral feeding or steroid resistance
- Complication

intestinal stenosis
fistula

- Severe anoperineal disease
- Perioperative management
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Conclusions

The severity and course of the cases diagnosed before the age of 
10 must be taken into account in the therapeutic strategy. Current 
treatment regimens limit the use of corticosteroids, by using 
immunomodulatory drugs, recommend the use of enteral nutrition, 
and, if necessary, and consider surgery for intestinal complications 
of localised CD. Biologic agents with the potential for mucosal 
healing hold promise of growth enhancement even among children 
whose growth remained compromised with previously available 
therapies. Treatments, such as anti-TNF, are now becoming more 
widely used and may offer advantages in promoting growth. There 
remains, however, a need for large, multi centre studies of the 
different treatment options in paediatric CD. One should emphasise 
the importance of using standardised measurements of growth, 
such as height velocity standard deviation scores and height 
standard deviation scores as outcome measures to monitor progress 
in response to treatment. For all treatment modalities, there is a 
window of opportunity to achieve normal growth before puberty is 
too advanced.
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Nutritional implications of food allergies

Food allergy is becoming an increasing problem worldwide, with an 

estimated 6–8% of children affected at some point in their childhood. 

However, consumer surveys indicate that the perceived prevalence 

of food allergy is even higher; 20–30% of the people interviewed 

consider that they or a family member have an allergy to a food 

product, and around 22% implement some form of an elimination 

diet, which may or may not be required, on the mere possibility that 

the food may contain an allergen.1,2 For example, milk elimination 

diets are frequently adopted in the treatment of atopic dermatitis 

when the actual prevalence of cow’s milk allergy in patients on 

milk elimination diets may be significantly lower than the number 

of patients prescribed such diets.2 Elimination of any major food, 

without considering its nutritional implications, has the potential to 

result in harm. In fact there are a number of scenarios which may 

impact adversely on the diet of an individual and/or other family 

members (Table I). 

It is important to recognise that the nutritional implications 

encompass not only the elimination of essential food(s) from the diet 

(and the consequent attendant lack of energy, protein or other macro 

or micro constituents, including vitamins), but that undiagnosed 

or poorly managed conditions such as severe hayfever or asthma 

may result in decreased activity, and/or increased or decreased 

food intake, which in turn may cause either negative effects on 

growth, or obesity. Alternative concepts of health, as published in the 

media, may result in diets self-selected by children with behavioural 

disorders, or parent-selected from nutrition misinformation, cultural 

preferences, alternative nutrition therapies, or misconceptions about 

food tolerance.3 For example, the author was referred a 6-week-old 

infant fed rooibos tea alone, as a result of misinformation regarding 

the infant’s first feeding.

Behavioural conditions may also play a role, with feeding refusal and 

protein-energy malnutrition secondary to food allergies having been 

described.4 A South African study highlighted the higher incidence 

of allergies among tactile-defensive children compared to the norm. 

Tactile-defensive children eat only a limited range of foods.5

Importantly, lack or removal of a responsible food allergen may 

result in the exacerbation or manifestation of other atopic conditions, 

such as asthma, allergic rhinitis, atopic dermatitis, and other food 

allergies.6

Abstract
Food allergy is becoming an increasing problem worldwide, with an estimated 6–8% of children affected at some point in their childhood. 
It is important to recognise that the nutritional implications encompass not only the elimination of essential food(s) from the diet (and the 
consequent attendant lack of energy, protein or other macro or micro constituents, including vitamins), but that undiagnosed or poorly managed 
conditions such as severe hayfever or asthma may result in decreased activity, and/or increased or decreased food intake, which in turn may 
cause either negative effects on growth, or obesity. Clinical awareness is required among health professionals as to the clinical characteristics, 
epidemiology, investigation, and management of food allergic disorders, as is the inclusion of a dietitian as part of the allergy team. Good 
dietary intervention in children (and adults) with single or multiple food allergies should be seen as an integral part of the allergy consultation. 
It remains an essential part of holistic care.
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Table I: Scenarios of presumed food allergy with nutritional implications

•	 Poorly	managed	condition
•	 Undiagnosed	condition
•	 No	elimination	diet	implemented
•	 Excessively	restrictive	diet	implemented
•	 Cross-reactive	foods	not	eliminated
•	 Non-relevant	but	potential	cross-reactive	foods	removed
•	 Hidden	allergens	involved
•	 Behaviour	or	psychological	factors
•	 Tactile-defensive	children
•	 Significant	social	chaos
•	 Nutrition	misinformation
•	 Food	faddism
•	 Cultural	preferences
•	 Alternative	nutrition	therapies
•	 Alternative	diagnostic	allergy	tests
•	 Misconceptions
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Accurate diagnosis is essential to prevent the imposition of 
unnecessarily restrictive diets, particularly on young children, 
although our adult patients should also be considered. However, 
there are a number of difficulties in making the correct diagnosis, 
including that not all allergies to food are IgE-mediated, with 
approximately 30% being delayed non-IgE-mediated.7,8 This is 
particularly problematic when children present with possible multiple 
food allergies, and is exacerbated where the presenting pathology 
is a mixture of IgE-mediated and non-IgE-mediated disease. Even 
with double-blind placebo-controlled challenges, isolated delayed 
responses may occur in over 12% of challenge tests.9,10 A further 
difficulty is the poor understanding of test interpretation, with diets 
being implemented based on sensitisation to foods that may in fact 
not result in the elicitation of symptoms.11,12

It is also relevant to remember that food proteins may be encountered 
directly, through oral consumption, or indirectly, via either 
transmission in breast milk or through inhalational or epicutaneous 
skin contact.13,14

Poorly managed condition or undiagnosed condition

It is self-evident that an undiagnosed food allergy may result in poor 
absorption of energy, protein, or other essential nutrients. For example, 
chronic diarrhoea may result in villus-flattening, directly affecting 
the absorption of these vital substances. Not always appreciated 
is that poorly-managed conditions or other undiagnosed allergies 
may affect appetite, with consequent attendant adverse effects. For 
example, poorly-managed asthma, severe hay fever or eczema may 
result in tiredness, apathy, and decreased appetite, with consequent 
weight loss, failure to thrive, or height retardation. Alternately, though 
appetite is not affected, exercise may be decreased, which may 
result in a child who is overweight or obese.

Lactating women restricting allergens

Although the elimination of allergens from the diet of women with 
babies at high risk for allergies is no longer recommended, many 
lactating mothers choose to restrict the intake of various allergens 
during lactation. For example, mothers may restrict milk intake, 
to assist their breastfed milk-allergic infants. However, this may 
have unintended consequences that become clinically significant; 
particularly if a mother’s mean levels of calcium and vitamin D intake 
are	below	the	adequate	intake	level.	Milk	restriction	has	been	shown	
to compromise protein and the intake of other nutrients in lactating 
women who restricted milk to < 250 ml per day, affecting vitamin D, 
calcium, thiamin, riboflavin and zinc intake.

Vitamin	D	levels	in	breast	milk	vary	between	20	and	60	IU/l,15 which 
is	well	below	the	recommended	intake	of	200	IU/l	for	all	breastfed	
and bottlefed infants.16 Higher quantities of vitamin D might be 
required by dark-skinned infants, or mothers wearing traditional 
modest dress, due to the poor formation of vitamin D by the skin.16

Some experts suggest that milk restriction should not be 
recommended during lactation; and where this is unavoidable, 
nutrients provided by milk should be compensated for by other foods 
or supplements, practice that should not be followed without expert 
advice.17

Restrictive food diets

The institution of un-monitored dietary restrictions, as a result of 
misdiagnosis or over-zealous management, may also impact on 
growth and nutrient intake.18,19 Dietary limitations secondary to food 
allergy may lead to failure to thrive, and/or deficiencies in specific 
macro- and micronutrients.20 Elimination diets in particular are 
potentially hazardous to children, with cases of rickets, kwashiorkor, 
and vitamin and mineral deficiency having been reported in the 
literature.18,21,22,23, Lack of parental education and basic health 
knowledge may influence the correct implementation of restrictive 
diets.

Cows’ milk allergy is one of the most common allergies in infancy, 
real or assumed. Approximately 2–3% of young children develop 
allergy or intolerance to cow’s milk. The only available treatment 
is elimination of milk from the diet, but a milk-free diet may not 
meet the child’s nutritional needs adequately. Children on milk-free 
diets have been reported to have significantly lower intake of energy, 
fat, protein, calcium, riboflavin and niacin.20	Use	of	milk	substitutes	
improved the nutritional content of the cow’s milk-free diets; 
however, the recommendations for riboflavin and calcium were still 
not met, and supplements with calcium, vitamin D and riboflavin 
were indicated.20

Other studies have reported retardation of height in cow’s milk-allergic 
children, low serum zinc values, and low serum iron concentration. 
Dietary intake of energy may be below the recommendation in 
some children, even though protein intake is high. Some children 
had low intakes of riboflavin.24 Children with cow’s milk allergy who 
experienced relative length or height decrease after the onset of 
symptoms of food allergy experienced no catch-up growth by 24 
months of age.6,24,25

Children with two or more food allergies have been shown to be 
shorter and to consume less calcium and vitamins, particularly 
vitamins D and E, than those with one food allergy or age-
matched controls.21,26 This effect was lessened if the child received 
dietetic support.21However, growth impairment is also reported in 
children with other allergic conditions, such as asthma and atopic 
dermatitis.27,28,29 Standing height retardation and delayed skeletal 
maturity scores may be significant.27

Both vitamin D-deficient rickets and calcium-deficient rickets 
are well-described, separate entities, and have been reported in 
children with cows’ milk allergy who are not receiving adequate 
supplementation.6,30,31,32,33 Seizures secondary to hypocalcaemia 
have been reported.7 There is a strong correlation between iron-
deficient anaemia and vitamin D deficiency34; therefore, if one is 
present, the potential lack of the other should be investigated. It has 
also been shown that treatment with iron alone leads to rising levels 
of vitamin D, suggesting that iron deficiency might be a factor in 
vitamin D deficiency.35,36

Whole-body	bone	mineral	content	(BMC)	and	bone	mineral	density	
(BMD)	have	been	shown	to	be	reduced	for	age	in	children	with	cow’s	
milk allergy by more than four years. Reduced bone mineralisation 
also occurred. Bone age was retarded by a mean 1.4 years.37 Dietary 
calcium deficiency may increase fracture risk, though it is uncertain 
whether the association was due to the illness, calcium deficit or a 
deficit in other milk nutrients.38
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Although uncommon, scurvy and pellagra have been documented 
as consequences of food allergy.39 Scurvy (vitamin C deficiency) 
was reported in a 34-year-old man with a history of rhinitis and 
severe oral allergy syndrome for multiple fruits and vegetables. He 
had restricted his diet to milk, beef and oats. Scurvy developed nine 
years after onset of his allergy.40 Although most individuals with oral 
allergy syndrome (OAS) are not allergic to all fruits and vegetables, 
it is important to assess whether these patients are at risk of any 
vitamin deficiencies.

Although rare, cases of kwashiorkor unrelated to chronic illness have 
been reported in affluent families. In 12 children with kwashiorkor 
evaluated	in	seven	tertiary	referral	centres	in	the	United	States,	most	
cases were due to nutritional ignorance, perceived milk intolerance, 
or food faddism. Half were the result of a deliberate deviation to a 
protein-deficient diet because of a perceived intolerance to formula 
or milk. Homes with significant social chaos were a factor in a few.22 
Kwashiorkor was described in a 22-month-old child who had been 
weaned onto a rice beverage at 13 months of age. The rice beverage, 
fallaciously referred to as rice milk, was extremely low in protein 
content. Kwashiorkor resulting from the use of a non-dairy creamer 
as a milk alternative has been described.41

Nutritional deficiency may also occur in adults, in particular with 
sensitisation to multiple foods and if a restrictive diet is self-
imposed.42 Importantly, specific food-restrictive diets may have 
specific attendant risks; for example, children with peanut or tree nut 
allergy may need to find other sources of potassium, children with 
wheat allergy need to ensure satisfactory iron intake, and soybean 
allergy requires consideration of zinc intake. Egg allergy may require 
attention to vitamin B12 intake.

Family and parental beliefs

Parental	beliefs	about	food	allergies	may	lead	to	dietary	restrictions	
severe enough to cause failure to thrive in their children, in particular 
if the health care provider collaborates with these unsubstantiated 
parental beliefs.43 Significantly, parental misconceptions and health 
beliefs concerning what constitutes a normal diet for infants may 
in themselves be a cause of failure to thrive. In one study, seven 
patients (aged 7 to 22 months) evaluated for poor weight gain and 
linear growth were found to be consuming only 60% to 94% of 
the recommended energy intake, because of parental restriction. 
Parents	were	 concerned	 that	 their	 children	would	 become	 obese,	
develop atherosclerosis, become junk food dependent, and/or 
develop unhealthy eating habits.44

Psychology

One cannot consider the nutritional implications of food allergies 
without considering the psychological effects of the disease on 
the child, siblings and parents, particularly in the setting of very 
restrictive diets, or if the individual is at risk of anaphylaxis. Not only 
will the psychological sequelae encompass the whole family, but 
the dietary requirements for the affected individual will affect the 
whole family: avoiding peanuts will require full family participation. 
Restrictive diets may also have an impact on the quality of life and 
anxiety of the allergic child, the parents and siblings.45 In older 
children, risk-taking behaviour may occur; precautionary labelling of 

the presence of hidden allergens may be ignored, with the attendant 
effects on the parents.

Lactose/sucrose/fructose

As a result of an allergy diagnosis (particularly asthma), health care 
providers may restrict the intake of additives and preservatives, in 
particular when associated with soft drinks. A consequence of this 
has been the replacement of these drinks with fruit juice. However, 
excess fruit juice consumption may result in chronic diarrhoea and 
be a contributing factor in nonorganic failure to thrive. Iron deficiency 
may also be a consequence.46

Milk substitutes

A number of products are marketed as suitable replacements for 
cow’s milk, including extensively-hydrolysed milk, soy milk, rice 
milk, and goat’s milk. Occasionally parents may regard non-dairy 
creamers as suitable replacements. These are not without risks.

For example, vitamin D or calcium deficiency, resulting in rickets, 
may be caused by the replacement of milk with non-dairy creamer, 
or soy milks that are not adequately fortified. This is exemplified by 
a case report of a 17-month-old male, breastfed until 10 months of 
age, when he was weaned to a soy health food beverage. The soy 
beverage was not fortified with vitamin D or calcium. Intake of solid 
foods was good, but included no animal products. Although total daily 
energy intake was 114% of the recommended dietary allowance, 
dietary vitamin D intake was essentially absent because of the lack 
of vitamin D-fortified milk. He had limited sun exposure, and his dark 
complexion further reduced endogenous skin synthesis of vitamin D. 
At around 10 months, he had an almost complete growth arrest of 
both height and weight, and regression in gross motor milestones. 
Clinical features of rickets were present.41

Extensively-hydrolysed hypoallergenic formulae are designed to be 
tolerated by infants with cow’s milk allergy, yet around 10% of infants 
will not tolerate these products; if health professionals continue not 
to take this important consideration into account , adverse nutritional 
effects are likely.47 Furthermore, it is suggested that in children with 
IgE-mediated cow’s milk allergy, the first ingestion of extensively-
hydrolysed cow’s milk protein formulas should require strict medical 
supervision, because of the potential of immediate reactions.48

Similarly, 20–40% of children with IgE-mediated cow’s milk allergy, 
and up to 60% of infants with non-IgE-mediated cow’s milk allergy, 
will not tolerate soya milk.49

Rice and oat milk have poor energy and protein content (rice milk 
0.4 g/100 ml and oat milk 1.0 g/100 ml protein) compared to cow’s 
milk-based infant formulae (1.9 g/100 ml).50 However, rice and oat 
milk may be used as a suitable alternative to cow’s milk in older 
children, with adequate growth, on diets which are otherwise 
nutritionally sound.

Companies have marketed goat’s milk as a suitable alternative for 
cow’s milk-allergic individuals, but as with other mammalian milks 
including mare, buffalo, and ewe, the majority of such milks cross-
react with cow’s milk protein and hence are not suitable for children 
with cow’s milk protein allergy.51,52,53,54	Up	 to	90%	of	children	with	
cow’s milk allergy will be cross-reactive to goat’s milk.55 Allergy may 



Invited communication: Nutritional implications of food allergies

S40

Invited communication: Nutritional implications of food allergies

2010;23(1) SupplementS Afr J Clin Nutr

occur to goat’s milk and sheep’s milk without concomitant allergy to 
cow’s milk.56 However, for the 10% of patients that tolerate goat’s 
protein, goat’s milk may be an excellent substitute in children older 
than two years.57

Undiagnosed conditions

Undiagnosed	or	inadequately-managed	allergic	conditions	may	have	
severe	nutritional	implications	for	the	patient.	Particularly	hazardous	
are conditions such as eosinophilic oesophagitis, which has become 
increasingly prevalent over the past decade.58	 Unfortunately,	
gastrointestinal manifestations of food allergy are varied, with well-
described clinical entities being recognised, many of which are not 
initially attributed to food.59	 Protein-losing	enteropathy	is	a	feature	
of both non-IgE-mediated allergic enteropathy disorders as well as 
of the eosinophilic gastroenteritis disorders (mixed IgE and non-IgE). 
In food protein-induced enteropathy, failure to thrive, iron deficiency 
anaemia and hypoproteinaemia is common.59 In eosinophilic 
gastroenteritis, growth retardation, protein-losing enteropathy, and 
growth failure occurs. Serum-specific IgE is present in approximately 
50%.60

Multiple	 food	 protein	 intolerance	 is	 a	 severe	 form	 of	 immune	
reaction. One of the cardinal features of this spectrum is a failure 
to tolerate extensively-hydrolysed formula or soya-based formula. 
Infants may react to a wide range of foods, including proteins within 
breast milk and other foods normally considered of ‘low allergenic 
potential’, such as rice.61 An amino acid formula is the formula of 
choice in such cases, as up to 10% of these infants will react to the 
extensively-hydrolysed casein or whey formulae.62,63,64,65

Although eczema is a multifactorial disease, IgE and non-IgE 
food reactions may play an important role. Avoidance of specific 
foods is often based on belief, and proper diagnosis should be 
implemented.66

Coeliac disease, although not an allergy, is immune-mediated. It is 
a very under-diagnosed condition, as symptoms may be latent. In 
these individuals, failure to thrive is the major feature. All children 
with failure to thrive with no obvious cause should be evaluated for 
this condition.67

Although uncommon, biotin deficiency has been encountered 
in infants weaning from breast- and formula feeding.68,69 Biotin 
deficiency has been described in an infant fed with amino acid 
formula and hypoallergenic rice. The amino acid formula was not 
supplemented with biotin, since biotin was not permitted as a food 
additive in that country.70

Alternative diagnostic allergy tests

A number of unproven or scam allergy tests are being marketed, 
including the ALCAT, IgG, Vega (BEST) testing, hair analysis, and 
many others which may lead to nutritional implications as a result 
of misdiagnosis.71,72,73,74 Dietary recommendations implemented 
may result in responsible foods for allergic reactions not being 
removed from the diet; or more commonly, the implementation of 
unnecessarily restrictive diets. In a study, double-blind placebo-
controlled,	 food	challenge	 (DBPCFC)	was	only	 rarely	 in	agreement	
with the alternative test, and many patients did not have any food 

allergy.75 Alternative health practitioners may implement blanket 
recommendations that may be unnecessary, e.g. removing wheat, 
milk, sugar, and other foods without adequate confirmation of a 
cause and effect relationship, which may result in unintended 
nutritional deficiencies.

Conclusions

Good dietary intervention in children (and adults) with single or 
multiple food allergies should be seen as an integral part of the 
allergy consultation. It remains an essential part of holistic care.7,76

Children diagnosed with food allergies need an annual nutrition 
assessment to prevent growth disorders or inadequate nutrient 
intake. Children with milk allergies or multiple food allergies are 
at greater risk.21 In the management of an infant with cow’s milk 
allergy, ideally breastfeeding should continue (if tolerated) for as long 
as possible, under the supervision of a dietitian to ensure nutritional 
adequacy, with supplementation and weaning onto other solids from 
six months of age (World Health Organization recommendation).77

Both new and old patients need to be reviewed. A clear strategy 
regarding allergy re-assessment, testing, and challenge needs to 
be implemented, with close follow-up and dietary supervision. The 
dietary recommendations need to be tailored to the individual child, 
taking into account the overall nutritional requirements, the risk of 
reaction on re-exposure, and the natural history of the specific food 
allergy in question as regards the likelihood of persistence versus 
outgrowing. Timing of food challenge tests will depend on the clinical 
history, type of food allergen, and demonstration of declining specific 
IgE levels. Cross-reactivity with other foods needs to be carefully 
evaluated, and only cross-reactive foods clearly resulting in adverse 
clinical effects should be removed.

It is recommended that a few-foods diet is followed for no more 
than 10–14 days, as it is not nutritionally adequate. Elimination 
diets should be supervised and monitored to a degree similar to that 
for drug treatment, and the need for continued dietary elimination 
should be reviewed on a regular basis and food re-challenges should 
considered.78 Health care providers must be vigilant in monitoring 
both growth and feeding patterns to identify inappropriate dietary 
changes that may result in nutritional deficiencies.

Clinical awareness is required among health professionals as to the 
clinical characteristics, epidemiology, investigation, and management 
of food allergic disorders, as is the inclusion of a dietitian as part of 
the allergy team.
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Causes and management of diarrhoea  
in children in a clinical setting

Diarrhoeal disease and its complications remain a major cause of 
morbidity and mortality in children, especially in developing countries. 
It is the second most common cause of death in children under five 
years of age worldwide and is responsible for 2.4 million deaths 
each year.1 The Medical Research Council Burden of Disease report 
indicates that in South Africa, it is the third biggest killer of children 
under five, responsible for over 10 000 deaths annually(10.2% of total 
deaths).2 There are approximately 1.5 billion episodes of diarrhoea 
per year so knowledge of aetiology and appropriate management is 
essential for all health care practitioners. The most recent advances 
in the area of acute diarrhoeal disease include zinc supplementation, 
reduced osmolarity oral rehydration solution (ORS) and rotavirus 
vaccination.

Definitions

Diarrhoea is characterised by an increased frequency and volume, 
and decreased consistency of stool from the norm. It must be 
remembered that frequency of passing stool varies with age and is 
higher in infants.4 Dysentery is defined as the passage of blood and 
mucous in diarrhoeal stools. Persistent diarrhoea occurs when the 
duration of symptoms exceeds seven days and chronic diarrhoea 
when it lasts more than 14 days.4,5

Causes of diarrhoea

The commonest causes of infectious diarrhoea are shown in Table I.

The incidence of these pathogens varies between developed and 
developing world settings. In developed countries about 70% of 

diarrhoea cases are of viral (40% rotavirus),10–20% of bacterial and 

< 10% of protozoal origin.3.5.6,7 In developing countries 50–60% of 

cases are of bacterial (Enteropathogenic E. Coli 25%, Campylobacter 

jejuni 10–18%, Shigella spp and Salmonella spp 5% each), 35% of 

viral(15–25% rotavirus) origin, and in many the cause is unidentified 

or mixed.3.5.6,7,8 In developing countries the prevalence of diarrhoea 

also varies widely by country. For instance, there are many more 
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Table I: Common pathogens causing childhood diarrhoea

Viruses
•	 Rotavirus
•	 Norovirus
•	 Enteric	adenovirus
•	 Other:	caliciviruses,	astroviruses,	enteroviruses

Bacteria
•	 Campylobacter jejuni
•	 Non-typhoid	Salmonella sp
•	 Enteropathogenic	E. Coli
•	 Shigella spp
•	 Salmonella typhi
•	 Shiga-toxin	producing	E. Coli (ETEC)
•	 Vibrio cholera

Protozoa
•	 Cryptosporidium	parvum
•	 Giardia lamblia
•	 Entamoeba	histolytica

Unidentified

Mixed infections
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cases of cholera in India and South east Asia, whilst in Africa 
rotavirus has been shown to be the causative agent in 28-49% of 
cases in Ethiopia but only 14 % of cases in Tanzania.7,8 The incidence 
of rotavirus diarrhoea varies widely even within each country with 
studies from South Africa indicating a range of 14–34% of cases in 

Johannesberg, 20–55% in Durban7 and 18% in Cape Town.9 

There is also a marked seasonality that is associated with the 

incidence of infectious childhood diarrhoea. This is best reflected 

in rotavirus infection, classically described in dry winter months in 

temperate climates.5,7,8 This is documented in studies from Durban 

and Johannesberg, but not in the summer peak of diarrhoea in Cape 

Town and other developing countries.7,9 This pattern is most likely 

due to the Mediterranean climate in Cape Town with wet winters and 

hot dry summers.

Bacterial pathogens like Campylobacter jejuni and Salmonella 

spp invade the lining of the small and large intestine and trigger 

inflammation so children tend to have higher fevers and a dysentery-

like picture. These organisms can spread systemically especially in 

young children. Shigella dysenteriae and ETEC infections can also be 

complicated by the haemolytic uraemic syndrome.5

Certain organisms are more closely associated with chronic 

diarrhoea, and these include Giardia lamblia and Cryptosporidium 
parvum.3 

Rotavirus diarrhoea is the most important aetiological agent 

worldwide implicated in severe dehydrating diarrhoea requiring 

hospitalisation. The annual burden of disease is estimated as more 

than 110 million diarrhoeal episodes, 25 million clinic visits, 2 million 

hospitalisations and 600 000 childhood deaths per year.7,8,10,11 

More than 90% of rotavirus deaths occur in developing countries. 

Improvements in water supply and sanitation have been shown to 

reduce the transmission of enteric bacteria and parasites, but do 

not appear to have a major impact on rotavirus diarrhoea, so the 

introduction of a vaccine shows the greatest promise in reducing 

the burden of disease. The peak age of infection is quoted as six 

months to two years. In developing countries, however, children 

often present younger, with the median age of hospitalisation of 

all-cause diarrhoea being nine months when compared with that of 

six months in rotavirus diarrhoea, with 97% of cases occurring in 

children younger than 18 months. Some studies indicate that up to 

38% of patients with rotavirus diarrhoea were < 6 months of age. 

A small infectious dose is required (< 100 virus particles) for the 

virus to enter the small intestinal epithelium where it elaborates a 

potent enterotoxin which damages epithelial cells causing blunted 

villi and massive viral shedding. This results in a profuse watery 

non-inflammatory diarrhoea, rapid dehydration and electrolyte 

disturbances. It is often associated with initial fever and vomiting 

for two to three days, and the course of the infection lasts two to 

seven days.8,10,11

The recent outbreak of cholera in Zimbabwe with rice-water stools 

and rapid dehydration, has highlighted the risks of the spread and 

severity of illness. A travel history is important when considering the 

aetiology of diarrhoea as management may differ, including the need 

for isolation and notification.3 When a child presents with diarrhoea, 

especially in chronic non-dehydrating diarrhoea,, noninfectious 
causes must also always be considered in the differential 

diagnosis5
  (Table II). 

The aetiologic approach in nosocomial diarrhoea will also differ as 
one needs to consider Clostridium difficile infection. This is a spore 
forming anaerobe, and patients colonised with a toxin producing 
strain can develop disease especially when treated with antibiotics. 
Rotavirus and astrovirus are other important causes of nosocomial 
diarrhoea outbreaks through the faecal-oral transmission and 
contamination of environmental surfaces.3

Although it is important to recognise the specific microbiological 
causation of diarrhoea in order to target appropriate treatment, 
the broader preventive aspects put forward by the WHO indicate 
the fundamental contributors to the massive burden of disease in 
developing countries. In a global setting where up to a quarter of 
children are malnourished, over a billion people do not have access to 
safe water and over two billion have inadequate sanitation, together 
with a low breastfeeding prevalence, social disruption from war and 
natural disasters as well as poor maternal education, the vicious 
cycle of infection, diarrhoea and malnutrition is perpetuated.3

Management 

Management of a child presenting with acute diarrhoea must include 
a thorough history and examination with evaluation of hydration 
status, nutritional status and comprehensive clinical evaluation 
for any complications or associated illnesses.4,5 A decision then 
needs to be made on method of rehydration, feeding, and if there 
are indications for any specialised investigations. Pharmacologic 
therapy is usually limited to micronutrient support.4,5

Clinical evaluation 

After obtaining a history of diarrhoea with or without vomiting, the 
first priority in initial evaluation is to identify and treat shock. The 
clinical features and initial management of shock are shown in Table 
III. These children require rapid venous access, and after the initial 
fluid bolus, a 10 ml/kg bolus should be repeated if signs of shock 
persist. Such children may also need additional general supportive 
care including oxygen and must be continuously and very intensively 

monitored.5,12

Table II: Differential diagnosis in children presenting with diarrhoea

•	 Infections	outside	the	GIT,	like	meningitis	and	urinary	tract	infection
•	 Surgical	conditions	like	intussuseption	and	malrotation,	especially	if	

prominent/bile-stained vomiting is present
•	 Immunodeficiency	e.g.	HIV	disease
•	 Spurious	diarrhoea	–	faecal	impaction	with	overflow
•	 Side-effects	of	medications	e.g.	antibiotics
•	 Primary	gastrointestinal	tract	pathology	e.g.	cystic	fibrosis,	inflammatory	

bowel disease, coeliac disease
•	 Toddler’s	diarrhoea

GIT = Gastrointestinal tract
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Further history should include information on the duration and 

frequency of diarrhoea, presence of blood or mucous in the stool, 

vomiting and whether it is bile stained, use and mixing of home 

rehydration fluids, as well as other usual aspects of the paediatric 

history including past illnesses, immunisation status, feeding, 

medications and related side effects. The Integrated Management of 

Childhood Illness (IMCI) has simplified the classification dehydration 

into i) no signs of dehydration, ii) some dehydration (correlating with 

the old classification of 5% dehydration), and iii) severe dehydration 

(correlating with the old classification of 10% dehydration)12 (Table 

III),  The indications for hospitalising a child with diarrhoea are shown 

in	table	IV.

A relatively objective way of assessing dehydration is comparing 

current weight with a recently recorded weight, usually in the Road 

to Health Card (RTHC) to calculate the percentage dehydration. 

Capillary refill time, skin turgor and an abnormal respiratory pattern 

indicative of acidosis have been found by systematic review to be 

the best indicators of degree of dehydration.3,5 

Rehydration and fluid management

The observation that glucose-sodium co-transport was unaffected in 

cholera and recognition that secretory and absorptive processes in 

the intestine are separate, led to the formulation of Oral Rehydration 

Solution (ORS), with similar concentrations of sodium and glucose 

that optimise absorption together with potassium, chloride and 

bicarbonate.3 It is considered one of the most important medical 

innovations of modern times and its active promotion as part of 

the WHO Control Diarrheal Disease (CDD) programme in the 1980s 

halved the deaths from diarrhoea over 20 years following its 

implementation.1,7 

A Cochrane review has documented that oral rehydration should 

be used as the first line for management of children with acute 

gastroenteritis and some dehydration.13 When this is not feasible, 

enteral rehydration by nasogastric route is as effective, if not better, 

than	IV	rehydration	(Table	V),	with	fewer	major	adverse	events	and	

shorter hospital stay. In addition, it is cheaper in terms of both 

consumables and human resources and less traumatic for the 

child.4,5,13 

The	 WHO,	 European	 Society	 of	 Paediatric	 Gastroenterology,	

Hepatology,	 and	 Nutrition	 (ESPGHAN)	 and	 American	 Academy	 of	

Paediatrics(AAP) all recommend rapid rehydration over four hours in 

mild to moderate(IMCI “some”) dehydration. Rehydration should be 

slower over 8–24 hours in children under three months of age, those 

with respiratory or cardiac disease, those with suspected or proven 

hypernatraemia and in malnourished children.13

There has been ongoing controversy regarding the ideal composition 

of ORS. Initial WHO preparations had higher sodium concentration 

due to its development in areas with high incidence of cholera (which 

is complicated by hyponatraemia). After multiple modifications the 

current	WHO	Guidelines	recommend	a	reduced osmolarity ORS with 

lower concentrations of sodium (75 mmol/l vs 90 mmol/l) and glucose 

(75 mmol/l vs 111 mmol/). A meta-analysis has shown its safety and 

efficacy in both cholera and non-cholera diarrhoea, with lower use 

Table III: Features and management of shock and dehydration (modified from WHO and IMCI)4,5

No visible dehydration Some dehydration Severe dehydration Shock 

Features:
•	 alert	with	normal	eyes
•	 	not	thirsty
•	 	normal	skin	pinch

2 or more signs:
•	 restless	and	irritable
•	 thirsty	and	drinks	eagerly
•	 skin	pinch	returns	slowly
•	 fontanelle	is	sunken

2 or more signs:
•	 lethargic	or	sleepy
•	 deeply	sunken	eyes	and	fontanelle
•	 very	slow	skin	pinch

Signs of:
•	 depressed	level	of	consciousness	or	weakness
•	 	weak	or	absent	peripheral	pulses
•	 a	prolonged	capillary	refill	time	of	>	3	seconds
•	 tachycardia	of	>	120	bpm

Usually but not always with evidence of severe 
extravascular dehydration 

Initial fluid management 
•	 treated	at	home	with	

additional fluids
•	 Other	supportive	measures

•	 ORS	orally	or	nasogastrically
•	 Continue	breastfeeding	or	formula	

milk within 4 hours
•	 Replace	ongoing	losses	with	ORS

•	 Intravenous	rehydration	with	½	
Darrows Dextrose

•	 Continue	breastfeeding	or	formula	
within 4 hours

•	 Replace	ongoing	losses	with	ORS

•	 Rapid	venous	access,	either	an	intravenous	or	
intraosseous line 

•	 Bolus	of	20	ml/kg	of	Ringers	lactate	or	Normal	
Saline.

ORS = Oral Rehydration Solution

Table IV: Indications for hospitalisation4,5

•	 Severe	dehydration with/without shock
•	 Altered	neurological	status
•	 	Intractable	vomiting	or	ORS	failure
•	 Caregivers	that	cannot	provide	adequate	care	at	home
•	 Young	age,	<	6	months	with	dehydration
•	 Children	with	associated	chronic	illness
•	 Enteric	fever:	high	fever	with	inflammatory	diarrhoea
•	 Dysentery	especially	<	1	year	(IMCI)*
•	 Tender	abdomen	and	any	suspected	surgical	condition
•	 High	output	diarrhoea
•	 Persistent	diarrhoea

*	IMCI	=	Integrated	Management	of	Childhood	Illness

Table V: Indications for intravenous fluids

•	 Shock	
•	 Severe	dehydration,	especially	if	depressed	level	of	consciousness
•	 	Paralytic	ileus
•	 Moderate	dehydration	with	vomiting	all	fluid	
•	 Children	with	profuse	watery	stools	unable	to	keep	up	with	fluid	losses

Note: Intravenous fluids should be avoided in children who are malnourished or 
with underlying cardiac or respiratory disease including associated pneumonia.
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of intravenous fluid rescue, reduced vomiting and similar rates of 

hyponatraemia when reduced osmolarity is compared with standard 

ORS.3,4,5	ESPGHAN	in	fact	recommends	an	even	lower	concentration	

of sodium of 60 mmol/l for use in children with diarrhoea in Europe 

due to the different aetiology of diarrhoea in European settings.4 

Multiple other modified formulations of ORS have also been extensively 

studied. Rice-based ORS can be used as an alternative therapy to 

standard ORS in cholera, as it adds additional substrate to the gut 

lumen without increasing osmolality, thereby providing additional 

glucose molecules for glucose-mediated absorption. However, there 

is no additional benefit in children with non-cholera diarrhoea. Other 

modifications include ORS-containing amylase-resistant starch, as it 

is postulated that the non-absorbed carbohydrates increase short-

chain fatty acids availability which enhance colonic absorption of 

sodium and water, but further trials are needed to demonstrate 

superiority. ORS has also been combined with guar gum, a mixture 

of non-digestible carbohydrates, as well as with probiotics, zinc and 

glutamine but there is currently insufficient evidence for any of their 

use bearing in mind the additional considerations of increased cost, 

instability and availability of additional compounds.4

Prevention of further dehydration by supplementing maintenance 

fluid with ORS with each loose stool to replace ongoing loses is an 

essential part of further management (50–100ml per loose stool). 

The	child’s	hydration	status	must	be	re-assessed	regularly	at	least	

every four to six hours including a weight check, and fluids modified 

according to whether there is improvement or not.5

Maintain nutrition

Consensus	 from	 WHO,	 ESPGHAN	 and	 the	 AAP	 based	 on	 level	 1	

evidence is to continue breastfeeding at all times, and to continue 

normal feeds in uncomplicated gastroenteritis within four hours. 

There is no role for dilution or gradual re-introduction of formula or 

for special formulae like soya-based or lactose free. Beverages with 

high sugar content should not be used. An extra meal a day for at 

least a week following an episode of gastroenteritis should also be 

encouraged to allow catch-up growth4,5,13.

Investigations

Testing for electrolytes should be performed on hospitalised children 

with severe dehydration or shock, those receiving intravenous fluids, 

those with associated malnutrition and in any child that looks ill out 

of proportion to their degree of dehydration.4,5 Children appearing 

floppy or with abdominal distension must have hypokalaemia 

excluded, and hypernatraemia should be suspected in well-nourished 

children, with a rubbery feel to the skin, those with a high pitched 

cry, and in any children with a history of incorrect mixing of ORS. 

Indications for sending a stool microscopy, culture and sensitivity 

(MCS) include inflammatory diarrhoea with blood and pus in the 

stool, high fever and systemic illness, persistent diarrhoea and in 

hospitalised children that develop diarrhoea, including for C. difficile. 

Routine testing for rotavirus is of epidemiologic interest but does 

not change the management of diarrhoea which is supportive. Most 

laboratories do not test for E. Coli types so the yield from stool MCS 

is low, and routine stool testing is not recommended.3,4,5

There is no role for routine full blood count and inflammatory markers 

like C-reactive protein in uncomplicated gastroenteritis but young 

children under three months and children with a high fever should 

have a formal septic workup.3,4,5

Pharmacologic therapy

Zinc deficiency is common in young children in the developing world 

and is associated with impaired electrolyte and water absorption, 

decreased brush border enzyme activity and impaired cellular 

and humoral immunity. Meta-analyses have confirmed that zinc 

supplementation reduces the duration and severity of acute and 

persistent diarrhoea and reduces the risk of a recurrent episode in the 

next 2–3 months. WHO and UNICEF recommend zinc supplementation 

(10 mg in children under six months and 20 mg in children over six 

months) for 10–14days as a universal treatment.14,15,16	 ESPGHAN	

however does not recommend it as a routine treatment modality in 

European children, unless they are malnourished.4

Probiotics may be an effective adjunct to the management of 

diarrhoea, but it is important to prescribe those that have been 

documented to be effective. Lactobacillus GG and Saccharomyces 

boulardii have the most consistently documented efficacy data. 

Best results have been demonstrated in young infants with viral 

gastroenteritis when the probiotic is administered early in the 

course of the diarrhoea, at a dose of 1010 CFU/day. The advantages 

include reduced duration of diarrhoea by one day thereby reducing 

costs of hospitalisation, reduced persistent diarrhoea and reduced 

spead through viral shedding. There are concerns however in the 

developing world regarding the use of probiotics in the management 

of diarrhoea because of the high prevalence of bacterial diarrhoea in 

such clinical settings, in which probiotcs may be less efficacious and 

safety issues related to immunosuppression may arise.4,16

Management of diarrhoea is otherwise usually supportive and 

non-pharmacologic. Antimotility agents like loperamide have been 

associated with prolonged disease in Shigellosis, toxic megacolon in 

C. difficile infection, and haemolytic-uraemic syndrome in children 

with Shiga-toxin producing E. Coli and are not recommended.3,4,5. 

The older anti-emtics are also not recommended due to risk of extra-

pyramidal side-effects but some newer agents like ondansetron are 

effective without side-effects.4,5 There is no evidence to support the 

use of prebiotics, glutamine, folic acid, kaolin-pectin, attapulgite, 

activated charcoal or bismuth. There may however be potential 

benefit in the use of smectite, an aluminmagnesium silicate that 

binds digestive mucous.4	Vitamin	A	 does	 not	 influence	 the	 course	

of acute diarrhoea but should be given according to national 

guidelines for its effect on reducing overall mortality.4 Antibiotics 

are not routinely recommended in viral or uncomplicated bacterial 

gastroenteritis (Table	VI).	
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Management of children with chronic diarrhoea

As for the child presenting with acute diarrhoea, there should be a 

thorough history, including family history, and comprehensive clinical 

evaluation including effect on nutritional status for those with chronic 

diarrhoea.17 It is important to differentiate whether this is a persistent 

diarrhoea following an acute dehydrating diarrhoeal episode, as 

causes may include small bowel bacterial overgrowth, acquired 

disaccharidase deficiency, deconjugation and dehydroxylation of 

bile salts which induces diarrhoea, protein sensitisation i.e clinical 

settings that may require additional specialised treatment.18 The 

clinical picture of the child is also of importance since it may be 

indicative	 of	 the	 cause	 of	 diarrhoea	 such	 as	 the	 classic	Toddler’s	

Diarrhoea with a thriving child and stools containing undigested food 

and worsening as the day progresses. The need for any specialised 

investigation and treatment will depend on the clinical picture of the 

patient and would usually include stool MC&S to exclude parasites, 

stool reducing substances and elastase, and possibly sweat test or 

coeliac serology.17

Prevention

On discharge of a child with an episode of diarrhoea, advice must be 

given on measures to try to prevent another episode and appropriate 

home management to prevent dehydration. 

The WHO Enhanced Diarrhoeal Disease Control (EDDC) focuses on a 

combination of public health issues like handwashing, preparation 

and storage of food as well as drinking water and sanitation; 

promotion of breastfeeding (which affords a six-fold protection); zinc 

supplementation and rotavirus vaccines.1 The enormous burden of 

rotavirus disease has been mentioned and vaccine introduction in 

developing countries is thought to have the potential to save 600 

000	children’s	lives	per	year	and	help	towards	the	achievement	of	

the	Millenium	Development	Goal	of	reducing	childhood	mortality	by	

2/3 by 2015.1,8 Rotarix has been licensed in South Africa since 2006 

and was introduced in the Extended Programme of Immunisation in 

2009. It is a live attenuated human rotavirus strain, with two doses 

given orally foour weeks apart, not after six months. In studies in 

middle-income countries the vaccine has a very good safety profile 

and efficacy of 85% protection. There are some concerns though 

about its use in the developing world. Such concerns include 

interference by high titres of maternal antibodies, interference by 

gut	microorganisms	as	well	as	safety	and	 immunogenicity	 in	HIV-

infected children. Nevertheless, the vaccine holds promise as an 

extremely important and much needed public health intervention 

to reduce the significant morbidity and mortality from diarrhoeal 

disease.8,10,11
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Table VI: Indications for systemic antibiotics. 

Indications Antibiotic regimen

•	 Bacterial	gastroenteritis	
complicated by sepsis

•	 Neonates
•	 Ill	immunocompromised	children
•	 Associated	infection	e.g.	urinary	

tract infection or pneumonia
 

Dysentery
•	 Shigella 
•	 Salmonella spp (non-typhoid)
•	 Campylobacter 

First try to exclude ETEC due to the 
associated with HUS

Specific infections:
•	 Amoebiasis	
•	 Giardiasis
•	 Vibrio cholera if complicated by 

severe dehydration
•	 C. difficile

•	 Usually	ampicillin	and	gentamicin	OR	
ceftriaxone

 

•	 Nalidixic	acid,	fluoroquinolone	or	
ceftriaxone 

•	 Erythromycin	or	one	of	above
 

•	 Metronidazole
•	 Metronidazole
•	 Doxycycline(>	6	years)	or	fluoroquinolone

•	 Metronidazole	or	oral	vancomycin

ETEC	=	Enterotoxigenic	E. Coli, HUS	=	Haemolytic	Uraemic	Syndrome
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The metabolic syndrome –  
What is the value of its identification?

The evolution of the concept of the metabolic 
syndrome

It was in the late 1980s and early 1990s that Gerald Reaven 
proposed that a clustering of abnormalities including increased 
plasma triglyceride (Tgs) levels, decreased high density lipoprotein-
cholesterol (HDL-C) concentration and high blood pressure (BP) 
linked to decreased insulin mediated glucose uptake and impaired 
glucose tolerance (IGT) comprised a syndrome.1 In 1998, the first 
formalised definition of the metabolic syndrome (MS) was proposed 
by a World Health Organization consultation group. The diagnosis of 
MS by the WHO criteria required evidence of insulin resistance (IR) for 
diagnosis.2 It was subsequently pointed out by a position statement 
generated by the American Association of Clinical Endocrinologists 
(AACE) and the American College of Endocrinology (ACE) task 
force, which was set up to provide guidance to clinicians on the 
identification and treatment of the MS, that the identification of IR 
in practice is not accurate due to the lack of standardised methods 
used to quantify plasma insulin concentrations in a laboratory 
setting. They stated that there is no evidence to support an individual 
being defined as insulin resistant, and at increased risk of developing 
any of the abnormalities of the MS, on the basis of plasma insulin 
concentrations alone. The AACE/ACE task force strongly cautioned 
practitioners against trying to identify individuals as IR, by making 
use of laboratory tests to identify fasting plasma insulin levels, in 
order to calculate a fasting insulin:glucose ratio (FIGR) as a surrogate 
marker of IR.3

After the WHO criteria, other criteria came from the National 
Cholesterol Education Program Adult Treatment Panel III (ATP 
III) in 2001. ATP III did not require the identification of IR as part 
of the criteria for diagnosis of the MS. The ATP III criteria made 

the presence of three of the following five features the basis for 
recognition of the MS: abdominal obesity (highly correlated with 
IR), elevated Tgs, reduced HDL-C, elevated BP, and elevated fasting 
glucose (impaired fasting glucose or type 2 diabetes mellitus).4 MS 
is a predictor of CVD and diabetes. When CVD or diabetes develops, 
the MS is often present, and the number of components of the MS 
contributes to increased disease risk and disease progression.2 In 
2005, the International Diabetes Federation (IDF) and the American 
Heart Association/National Heart, Lung, and Blood Institute (AHA/
NHLBI) attempted to address differences in the definitions of the 
MS.5,6 However, differences remained with regard to separate 
recommendations relating to waist circumference cut off points. 
The IDF did not require the WHO criteria of insulin resistance for 
diagnosis, but made abdominal obesity necessary as one of five 
factors (Table I) required in the identification of MS, while highlighting 
waist circumference measurements as a useful screening tool; the 
remainder of the criteria were the same as those set by ATP III.2 
The AHA/NHLBI slightly adjusted the ATP III criteria but did not make 
waist circumference measurements and implied abdominal obesity 
a required criteria for diagnosis. The remaining four criteria were the 
same as defined by the IDF.6 There was, however, no agreement on 
the cut points for waist circumference measurements and abdominal 
obesity between the IDF and AHA/NHLBI. The IDF recommended a 
threshold for waist circumference measurements to be defined for 
people of European origin (Europids) to be 94 cm for men and 80 cm 
for women; the AHA/NHLBI, recommended cut points of 102 and 88 
cm, respectively.2

Is it worthwhile identifying people with MS?

Much time and effort have gone into trying to establish uniform criteria 
for the identification of the MS. Yet controversy still exists around 

Abstract
The identification of the metabolic syndrome (MS) has been under discussion and intense investigation since 1998. Only recently does it appear 
that consensus is being reached between different organisations regarding its identification. Nonetheless, the true value in identifying the MS 
remains under question, as does the debate around its existence. The real value in identifying the MS may simply be the ability to identify 
individuals at increased risk for developing cardiovascular disease (CVD) and diabetes. Further identification of abnormalities associated with 
the MS should encourage practitioners to investigate and search for other risk factors associated with CVD and diabetes. Part of the problem in 
identifying and treating the MS is that the cause of associated abnormalities remains unclear. However current research seems to indicate that 
oxidative stress and inflammation may play a pivotal role in the development of insulin resistance (IR) and the MS. Regardless of the usefulness 
of indentifying the MS and its contributing causes, certain take home messages for practitioners remain the same, including emphasis on the 
importance of weight loss in overweight patients, the role of regular exercise and diet quality, with a new emphasis on the role of an adequate 
micronutrient intake and specifically nutrients with antioxidant properties..
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the true value of identifying the MS. A recent scientific statement 
by the IDF, NHBLI, AHA, the World Heart Federation, International 
Atherosclerosis Society and the International Association for the 
Study of Obesity states that the MS is a complex of interrelated risk 
factors for CVD and diabetes, and that the MS is widespread and 
has an increasing incidence worldwide which relates mostly to the 
increased prevalence of obesity and sedentary living.2 Further, a 
syndrome is merely a clustering of factors for which the cause is 
uncertain, and these factors occur simultaneously more often than 
by chance alone.2 The MS does not determine absolute risk [it does 
not contain factors that determine entire risk such as other risk 
assessment tools, for example the Framingham 10 Year risk factor 
analysis for CVD, such as age, gender, smoking, total or low density 
lipoprotein cholesterol levels (LDL-C)]2,10. However, according to 
Alberti et al, patients with the MS have double the risk of developing 
CVD over five to ten years when compared with individuals who do 
not have the syndrome. The risk over a lifetime is most probably 
even greater.2 In addition, the MS confers a fivefold increase in risk 
for type 2 diabetes.2

It appears therefore that the primary merit in identifying individuals 
with the MS is to identify risk for the development of CVD and 
diabetes2 and that perhaps the other value of the syndrome as a 
concept is the obvious utility that the identification of one of the 
CVD risk factors in a patient should prompt search for other risk 
factors.7,10 

It is also worthwhile noting that the criteria used for the identification 
of the MS is far from finite, there are many other signs and 
symptoms that are associated with IR and the MS, including, but not 
limited to, albuminuria, a prothrombotic and pro-inflammatory state 
[plasminogen activator inhibitor-1 and fibrinogen, elevated C-reactive 
protein (CRP), Tumour Necrosis Factor-α (TNFα), Interleukin-6, 
decreased adiponectin levels, hyperuricaemia, elevated White Blood 
Cell (WBC) count, endothelial dysfunction, polycystic ovary syndrome 
(PCOS), non-alcoholic fatty liver disease (NAFLD) and others].2,3,7,9 
Furthermore even though an individual may or may not be identified 
as having the MS, it is strongly recommended that signs and 
symptoms associated with the MS should be treated individually 
and aggressively as each one will confer a degree of risk to the 
development of chronic disease and specifically CVD.8

Apart from identification of an increased risk specifically for the 
development of CVD or diabetes, and using the identification of the 
MS as a indication for early medical intervention and prevention 
strategies, perhaps the most valuable lessons that are taught to us by 
the MS is confirmation that certainly obesity, poor dietary practices 
and reduced activity levels interacting with genetic and metabolic 
factors almost guarantee a complex metabolic derangement that in 
turn is associated with disease.10,11 

Can we connect the dots?

One of the primary reasons for identifying a disease process, as in this 
case the MS, would be to understand its cause and provide guidelines 
for prevention, if possible, appropriate treatment intervention and 
resolution of the disease state.7,8,10 Unfortunately, the exact cause of 
the MS still appears to be elusive and as a result some controversy 
still exists about whether the MS is a true syndrome or a mixture 
of unrelated phenotypes.2 A number of suggestions regarding the 
clustering of abnormalities and their precipitating cause(s) have been 
discussed and explored in the medical literature, and certainly there 
is no definitive answer at this time. Insulin resistance has, however, 
been identified as an underlying factor7 and variability in insulin 
sensitivity has been largely attributed to differences in adiposity 
(25%), fitness (25%) and genetics (50%).8 However, a hypothesis 
that seems to hold some further value, is the concept of oxidative 
stress as a pathogenic mechanism underlying insulin resistance, 
diabetes and cardiovascular disease.12 

Poor diet quality and a hypercaloric diet-link with 
oxidative stress and insulin resistance

Muscle and adipose tissue are primarily involved with the 
development of insulin resistance. When energy intake exceeds 
energy expenditure, there is a substrate-induced increase in the citric 
acid cycle, which in turn generates an excess of mitochondrial NADH 
(mNADH) and consequent reactive oxygen species (ROS). It has been 
proposed that muscle and adipose tissue cells protect themselves 
against harmful effects of ROS, by reducing the formation of ROS 
and/or enhancing the removal of ROS. Preventing a build-up of 
mNADH is achieved by inhibiting insulin-mediated glucose disposal 
and inhibiting the entrance of substrates (pyruvate, fatty acids) into 
the mitochondria, this in turn helps to attenuate the formation of 
ROS. It has been proposed that excessive NADH generation can be 
prevented through the inhibition of free fatty acid (FFA) oxidation. 
An increase in intracellular FFA in the cell cytoplasm, in turn, leads 
to reduced levels of insulin sensitive glucose transporter GLUT4 
(C-GLUT4) translocation to the cell membrane, resulting in resistance 
to insulin mediated glucose disposal in muscle and adipose tissue. 
According to this hypothesis, IR can be considered a compensatory 
mechanism that develops to protect cells against further glucose 
and fatty acid uptake and therefore oxidative damage.12

Many studies support this hypothesis in that antioxidants have been 
shown to improve insulin sensitivity. Several clinical trials have 
demonstrated that treatment with vitamin E, vitamin C, or glutathione 
improves insulin sensitivity in insulin-resistant individuals. The 
recent finding that insulin resistance is associated with reduced 
intracellular antioxidant defence status in humans also support this 
hypothesis.12

The link with β-cell dysfunction and endothelial 
dysfunction – key features of the MS

It is rational to suggest that what occurs in muscle and fat cells may 
also take place in other cells, specifically in α-cells and endothelial 

Table I: Criteria for clinical diagnosis of the metabolic syndrome2

Measure Categorical Cut Points
The presence of 3 of 5 risk factors constitutes a diagnosis of the metabolic syndrome

Elevated waist circumference* Population- and  
country-specific definitions

Elevated triglycerides (drug treatment for 
elevated triglycerides is an alternate indicator†) 

≤ 1.7 mmol/L

Reduced HDL-C (drug treatment for ≤ 1.0 mmol/L in males

reduced HDL-C is an alternate indicator†) ≤ 1.3 mmol/L in females

Elevated blood pressure (antihypertensive 
drug treatment in apatient with a history of 
hypertension is an alternate indicator)

Systolic ≥ 130 and/or 
diastolic ≥ 85 mm Hg

Elevated fasting glucose‡ (drug treatment of 
elevated glucose is an alternate indicator) 

≤ 5,6 mmol/L

HDL-C indicates high-density lipoprotein cholesterol.
* It is recommended that the IDF cut points be used for non-Europeans and either the IDF or AHA/NHLBI 

cut points used for people of European origin until more data are available.
† The most commonly used drugs for elevated triglycerides and reduced HDL-C are fibrates and 

nicotinic acid. A patient taking one of these drugs can be presumed to have high triglycerides and low 
HDL-C. High-dose Ω-3 fatty acids presumes high triglycerides.

‡ Most patients with type 2 diabetes mellitus will have the metabolic syndrome by the proposed criteria.
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cells. What is more, these types of cells may be even more severely 
affected by a hypercaloric diet. α-cells and endothelial cells are 
not dependent on insulin for glucose disposal, which is achieved 
via facilitative diffusion.12 When such cells are exposed to elevated 
levels of glucose or fatty acids, they are not able to down regulate 
the influx of nutrients through insulin resistance, and have to permit 
intracellular concentrations of these nutrients to increase. Ongoing 
exposure to high glucose and/or elevated FFA levels, or a combination 
of both, has been suggested by a number of research papers to be 
responsible for α-cell dysfunction and apoptosis.12 It is also important 
to note that these cells are highly vulnerable to ROS, as antioxidant 
enzymes are in short supply in these cells. It has been shown that 
oxidative stress has the ability to damage mitochondria and in turn 
result in a markedly blunted insulin secretion by α-cells.12

It is well known that IR is associated with endothelial dysfunction, and 
there is evidence that indicates that oxidative stress is associated 
with endothelial dysfunction, which in turn contributes to CVD. 
Glucose and FFA overload can be expected to influence endothelial 
cells as they do α-cells via oxidative stress, and a number of studies 
confirmed such a relationship.12 There is also convincing evidence 
that FFA may produce the same consequences and increase 
oxidative stress and induce endothelial dysfunction, which can be 
reversed by antioxidants.12

Oxidative stress, Inflammation and Insulin resistance

The idea that oxidative stress is the common denominator 
underlying insulin resistance, CVD and type 2 diabetes, may 
explain the occurrence of inflammation in all these conditions. It is 
also well known that inflammation is one of the consequences of 
oxidative stress, and the mechanism that generates the mediators 
of inflammation include adhesion molecules and interleukins.12 It is 
also worthwhile recognising that the subclinical pro-inflammatory 
state observed in many conditions including atherosclerosis, ageing 
and cancer, may well be associated with an over-production of free 
radicals by the mitichondria. This theory is supported by in vivo 
studies, showing that glucose and FFA cause inflammation through 
oxidative stress, and they have a cumulative and independent effect, 
and that antioxidants can, at least partially, ameliorate/reverse the 
occurrence.12

The way forward

The abnormalities associated with the MS can be viewed in 
clusters or independently. What is known currently is that these 
abnormalities are indicative of a metabolic derangement associated 
with increased disease risk specifically for cardiovascular disease 
and diabetes. We do not know categorically at present what the 
exact causes of the syndrome’s many abnormalities are, or, for 
that matter, why most abnormalities do not occur collectively in all 
individuals. What is clear though is that obesity, inactivity and diet 
quality play a pivotal role in preventing and treating the MS and/or 
its associated abnormalities and, by inference at this stage, chronic 
disease. Genetic predisposition is clearly an uncontrollable risk 
factor, but those predisposed to diabetes and CVD would be in need 
of more intensive intervention(s) and would need stricter adherence 
to the recommended dietary and lifestyle practices to prevent or 
treat abnormalities associated with the MS and end-stage disease. 
It appears therefore that practitioners should continue to advise 
patients on what they always have done regarding diet and lifestyle 
change, with some necessary adjustments toward improved diet 
quality and improved micronutrient intake, which current evidence 

suggests may well play a key role in preventing oxidative stress, 
inflammation and IR. 

Weight loss has been known to improve features of the MS and 
it has also been shown to reduce oxidative stress and to improve 
each component of the MS.3,10 Practitioners should promote a 
low glycaemic load (GL) diet, as high GL diets have been linked 
with cardiovascular events and glucose spikes with endothelial 
dysfunction.10,14,16 

Inflammation is an integral part of the MS that is worsened by the 
pro-inflammatory profile of the western diet. The available evidence 
is mostly supportive of benefits to be derived from diets rich in 
omega-3 fatty acids and other unsaturated fats, natural antioxidants 
in fruit and vegetables, and fibre in nuts and whole grains by patients 
with the MS.10,15

Supplementation with omega-3 fatty acids is an emerging treatment 
modality and should be strongly considered in patients unable to 
consume the required two fatty fish meals per week10,13. Additionally, 
one should encourage regular exercise – “a little is good and more is 
better” 10 ,and finally, referral to a dietitian should be considered for 
long-term reinforcement and follow up.10

Conclusion

The value of identifying the MS would appear to be a prudent 
approach  for “quantifying” individual risk for CVD and diabetes 
and the presence of symptoms and signs of the syndrome  should 
be accompanied by a search for other comorbidities. Risk factors 
for CVD, whether identified in clusters or separately should be 
treated appropriately, regardless of a diagnosis of the MS. Diet and 
lifestyle changes remain the cornerstone of treatment for the MS 
and associated abnormalities whether they present in clusters or 
individually. Greater emphasis needs to be placed on diet quality 
and intake of micro-nutrients, and, more specifically, nutrients with 
antioxidant properties.
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Glucose: the worst of all evils?

Introduction

Hyperglycaemia is common in critically ill patients.1,2,3,4,5 The acute 

phase response is associated with the abundant production of pro- 

and anti-inflammatory mediators and counterregulatory hormones, 

causing pathologic metabolic derangements.6,7 Hyperglycaemia 

occurs secondary to elevated levels of cortisol, epinephrine, 

norepinephrine, glucagon resulting in gluconeogenesis and 

glycogenolysis, as well as insulin resistance.5,6 

Hyperglycaemia may cause harm through a direct toxic effect, 

increased intracellular oxidative stress due to higher mitochondrial 

peroxide production,5 altered cytokine production and impaired 

phagocytosis.6 Hyperglycaemia is a marker of severity of illness, and 

is associated with adverse outcomes, including increased morbidity 

and mortality in various patient populations.2,3,5,6,8,9 The adverse 

consequences include increased infectious complications and higher 

mortality in trauma patients,10,11,12 worse neurological outcome in 

a subset of traumatic brain injury (TBI) patients,13 poor functional 

recovery and higher mortality in stroke patients,14,15,16,17 and an 

increased morbidity and mortality after myocardial infarction18,19 as 

well as higher morbidity and mortality in other critically ill patients.20,21 

In addition, hyperglycaemia during critical illness is associated with 

worse long-term outcomes such as degree of disability after a 

stroke14 and risk for mortality and congestive heart failure one year 

after a myocardial infarction.23

The obvious question thus is: will intensive insulin therapy (IIT) 

improve morbidity and mortality in critically ill patients?

The past

When the first randomised clinical trials on blood glucose control in 

critically ill patients were first reported in 1995,23 physicians did not 

place a high priority on blood glucose (BG) control.23 Hyperglycaemia 

was considered part of the usual clinical course of critical illness 

and often not treated until levels exceeded the renal threshold of  

12 mmol/L when it induced glucosuria and hypovolaemia.24 Insulin 

was administered according to a sliding scale and few protocols 

tried to match insulin dose to nutritional intake and the effectiveness 

of these protocols were not assessed.23

Tight glucose control

One of the first randomised clinical trials on Tight Glucose Control 

(TGC), utilising intravenous insulin followed by multiple dose insulin 

therapy, was the Diabetes Insulin-Glucose in Acute Myocardial 

Infarction (DIGAMI) study. Mortality at one year was reduced by 

26%.22 It is, however, unclear whether this outcome was due to tight 

control during hospitalisation or due to better diabetes management 

after discharge.1 The multicentre DIGAMI 2 trial could not reproduce 

these results and found no effect on morbidity or mortality after two 

years of follow up, possibly due to an inability to recruit an adequate 

number of patients25,1 and the inability to achieve strict control.26

The landmark study by Van Den Berghe, et al (Leuven 1) was the 

first large randomised trial in critically ill patients in a surgical 

intensive care unit (SICU) (mainly coronary bypass surgery, 13% 

with diabetes) with hyperglycaemia and included both diabetic and 

non-diabetic patients.27 Aggressive control, (BG 4.5–6.0 mmol/L) 

was associated with a significant reduction in ventilator support and 

Abstract
The acute phase response is associated with metabolic derangements, including hyperglycaemia. Hyperglycaemia is associated with adverse 

clinical outcomes, including increased morbidity and mortality in various patient populations. The obvious question is: does tight blood glucose 

control improve morbidity and mortality in critically ill patients? Tight glycaemic control (TGC) or intensive insulin therapy (IIT) has become a 

major area of research, debate and controversies. The belief that hyperglycaemia is a physiological response and intervention is only warranted 

when the renal threshold is exceeded rapidly changed to aggressive control and, currently, clinical practice is moving to a mid-point between 

the two.
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renal replacement therapy with a significant cost saving. The ICU 

mortality rate was reduced from 8% in the control group to 4.6% 

in the TGC group, and similarly, in-hospital mortality was reduced 

from 10.9% to 7.2%. The relative risk of in-hospital death was thus 

reduced by 33.9%. The benefit occurred in patients who remained in 

the ICU for > 5 days. The number of deaths in the first five days was 

similar in both groups.27 

The results were very different when the same authors proceeded to 

apply the same protocol to medical ICU patients (MICU) (Leuven 2).28 

The mortality rate was lower in patients who stayed in ICU for ≥ 3 

days, but higher in those that stayed < 3 days. The mortality reduction 

in the group who stayed longer in ICU was much smaller (6%) than 

the 42% reduction seen in the surgical ICU study.28 From these two 

studies it seems that the beneficial effect was more pronounced in 

severely ill patients requiring prolonged ICU care.5

These studies led to the publication of guidelines for the management 

of severe sepsis and shock which recommended TGC as an important 

part of management29 and was again included in the updated version 

of the guidelines in 2008.30 It is surprising that TGC was widely 

adopted after the Leuven 1 study, since the authors stated that their 

patients were: 1) ventilated surgical patients, 2) admitted to ICU after 

predominantly cardiac surgery and 3) that the results can not be 

extrapolated to other groups of ICU patients. The Volume Substitution 

and Insulin Therapy in Severe Sepsis (VISEP) trial applied the same 

protocol to septic patients and achieved lower BG concentrations, 

but no decrease in mortality.31 Two studies did not find a decrease in 

mortality with TGC in mixed ICU populations.3,32 

A large multi-centre trial, the NICE-SUGAR trial, compared patients 

whose blood glucose concentrations were maintained below  

6.7 mmol/L (TGC) with those whose blood glucose was kept between 

7.8–10.0 mmol/L in MICU and SICU patients in 42 hospitals. Although 

lower BG concentrations were achieved, TGC did not improve 

outcomes in terms of length of stay (LOS) in ICU or hospital, median 

number of days on mechanical ventilation or renal replacement 

therapy. Hypoglycaemia was recorded in 6.8% of the TGC group 

and 0.5% in the control group. Mortality was significantly higher in 

patients with tight control (27.5%–24.9%).2 

Two recent meta-analyses have also evaluated TCG. The first one 

(done prior to the NICE-SUGAR study) found a significant decreased 

incidence in sepsis (subgroup analysis suggests that it was limited 

to SICU patients), no association with new need for dialysis, an 

increased risk for hypoglycaemia and no impact on mortality.33 The 

second meta-analysis included the results from the NICE-SUGAR 

study confirmed these findings with regards to hypoglycaermia, but 

suggested that there is a mortality benefit with TGC surgical ICU 

patients.9

Methodological differences

The different outcomes between the Leuven 127 and the VISEP31 trials 

were probably due to differences in design and study population. 

The VISEP trial was designed as a four arm study comparing two 

resuscitation fluids (10% pentastarch versus modified Ringer’s 

lactate) as well as the efficacy and safety of TGC which may have 

had some influence on the outcomes. Furthermore, this study 

included patients with severe sepsis, known to be at a higher risk 

for hypoglycaemia,1 while the Leuven 1 included mainly coronary 

bypass surgery patients. In addition, the fluid resuscitation arm of 

the study was also suspended due to an increased risk of organ 

failure (10%) in the pentastarch arm. This reiterates the point that 

the resuscitation fluid rather than the glucose control may have 

caused the higher mortality.

The VISEP trial, as well as the Glucontrol study,34 was stopped due 

to high rates of hypoglycaemia (12.1/18.6% respectively), but there 

was no difference in mortality. An additional factor for the cessation 

of the Glucontrol study was a high rate of unintentional protocol 

violations.35 It is also possible that the low number of patients per 

centre may have contributed to the lack of treatment effect.5 The 

Glucontrol study was only released in abstract form, thus it is not 

possible to assess methodology fully.

The different outcomes in terms of mortality between the Leuven 

studies27,28 and the two mixed ICU population studies3,32 may possibly 

be explained by the different study designs, populations and the 

age difference in the study populations.3,32 Another aspect that 

may indicate some difference in the study population is the high 

in-hospital mortality (10.9%) in the control group of the Leuven 1 

study.27 A subsequent study to investigate this point found an in-

hospital mortality rate in similar patients in Australia to be only 3.8%, 

much lower than the mortality of both the treatment and control 

groups in the Leuven 1 trial.36

The NICE-SUGAR study and the Leuven 1 and 2 studies are most 

often compared in an effort to come to a conclusion with regards to 

TGC. However, various differences between these studies need to be 

pointed out. The Leuven studies were single centre trials while the 

NICE-SUGAR study was a multicentre trial. The accuracy of measuring 

tools at different centres and the experience of the nursing staff with 

TGC come into play.1,24 Avoiding variable blood glucose and exact 

titration requires experience of the nursing staff1,24 which may have 

been lacking in a multicentre trial.

It was also noted that the control group in the NICE-SUGAR study had 

an average BG of 7.8–10,0 mmol/L while it was 10.0–11.1 mmol/L 

in the Leuven studies.2,27,28,37 This essentially means that the control 

group was already better controlled by targeting an intermediate 

blood glucose level, which makes a direct comparison between 

the studies difficult. It was speculated that the better control in 

the control group might have improved outcomes to such a degree 

that tighter control would not have resulted in a more significant 

benefit.9,24,37 Van Den Berghe, et al (2009) agreed with this conclusion 

and suggested that an intermediate target range may be preferable 

in critically ill patients.24 

In addition, the NICE-SUGAR (MICU and SICU) study is often compared 

to the Leuven 1 study, which was on SICU patients (predominantly 

cardiac surgery) only. In this regard, the NICE-SUGAR study results 

are more similar to that of the two mixed ICU studies.3,32 
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Furthermore, various other differences between the studies may 

have affected outcomes, such as early nutrition support and 

its mode of administration as well as energy content, and BMI 

status.24,37 It is also important to note that some studies already 

described included both diabetic and stress induced hyperglycaemia 

patients, which is unfortunate, since recent data indicates that the 

two settings are different.38 A comparison of outcomes in patients 

with known diabetes to those without diabetes after implementation 

of a moderate glycaemic control protocol (6.9 mmol/L) showed a 

significant reduction in mortality in non-diabetic patients, but not in 

those with known diabetes.39 It is also unfortunate that the diabetic 

sub-sets were presented differently in the Leuven and NICE-SUGAR 

studies (type 1 and 2 versus on insulin or on oral medication/diet) 

making comparisons and conclusions even more difficult.

Other differences between the Van Den Berghe studies and 

subsequent studies, which are not comprehensively described herein, 

include: different target ranges for blood glucose control, differences 

in the definition of hypoglycaemia, duration of hyperglycaemia 

preceding the intervention and varying levels of expertise with the 

therapy among the ICU nurses and a high nurse to patient ratio in 

the Leuven studies,1,9,24,38 APACHE scores, age of patients, the degree 

with which blood glucose levels fluctuated in an individual patient 

as well as quality of the glucose control process itself, the case mix, 

associated therapy (e.g. corticosteroids), the existing variability in 

the intervention evaluation, the timing of the initiation of IIT and the 

variability in outcomes measures.4,9,35,36,40 

Mechanisms of potential beneficial effects of tight 
control

Irrespective of the limitations in comparing the described studies, 

the question still remains whether insulin therapy per se improved 

mortality directly through modulating the inflammatory response 

or indirectly through improving hyperglycaemia, and consequently 

metabolism (Table I).  In this regard, insulin is an anabolic and anti-

catabolic hormone. Insulin is also a regulator of the inflammatory and 

immune responses, which may contribute to the reduced mortality 

after IIT in some studies.41 Furthermore, sub-maximal doses of insulin 

have been shown to enhance skeletal muscle protein anabolism in 

severely burned (> 60% TBSA) patients,42 which may also contribute 

to reduced mortality in certain patients groups.

Hypoglycaemia

The major obstacle with TGC appears to be hypoglycaemia, which 

is possibly the major contributing factor to the poor outcomes 

documented in some studies. It thus appears that in order to benefit 

from TGC, hypoglycaemia needs to be avoided. The mechanism 

by which hypoglycaemia increases mortality in severe sepsis and 

shock has not been fully investigated. One possible mechanism 

is brain damage because of an energy deficit in the brain through 

hypglycaemia.6 Many recent studies have reported significant 

rates of hypoglycaemia with TGC (defined as BG < 2.2 mmo/L). 

The incidence of hypoglycaemia in tight control groups varied from 

7–20% and was as low as 0.5% in control groups in ICU-based 

studies (Table II).23

Juneja et al (2009) found that the most common contributing 

cause for hypoglycaemia was measurement delay.8 It is known that 

severe hypoglycaemia increases stress hormone levels in normal 

individuals, but adequacy of this response in critically ill patients 

with already increased stress hormone levels is not known.23 

Furthermore, the majority of hypoglycaemic episodes has been 

shown to occur during unplanned interruption of feeding.51,52 From 

the Leuven studies it also appears that medical patients might be at 

a higher risk for hypoglycaemia, possibly due to higher necessity for 

treatments known to affect blood glucose control such as inotrope 

support, corticosteroid administration and renal replacement therapy. 

Liver failure and kidney failure, which increase the vulnerability to 

hypoglycaemia, may also partly explain this observation.

Another reason for the higher mortality with TGC may be due to the 

limitations in measuring glucose using the point-of-care devices 

(glucometers), since the glucose concentration obtained by these 

devices differs significantly from those obtained by conventional 

Table I: Possible mechanisms of beneficial effects of insulin

Wade 200843
Hyperglycaemia alters cytokine production and 

phagocytosis

Vanhorebeek et al, 200544
Strict blood glucose control protects hepatocyte 

mitochondrial ultrastructure and function

Herman et al, 200745

Herman et al, 200946

Intensive insulin therapy prevents critical 

polyneuropathy/myopathy

Dugo et al, 200647

Insulin inhibits glycogen synthase kinase-3β, 

contributes to protective effect of insulin against 

organ injury/dysfunction caused by excessive 

systemic inflammation, independent from its effect 

on glucose

Bopp et al, 200848

Tight glycaemic control may decrease AGE 

(advanced glycation end product) formation 

and thereby reduce the inflammatory response 

mediated through AGE and RAGE (receptor of 

advanced glycation end product) interaction

Jeschke et al, 200249

Jeschke et al, 200450

Insulin decreases pro-inflammatory cytokines 

and proteins and increases the anti-inflammatory 

cascade in burned rats and children (BG between 

6.6–10 mmol/lL). 

Table II: Incidence of hypoglycaemia with TGC

STUDY TGC CONTROL

Leuven 127 5.1% 0.8%

Leuven 228 18.7 3.1%

Glucontrol34

9.8% (moderate)
41.1% (mild)

8.6%

2.7% (moderate)
9.6% (mild)

2.4%

NICE-SUGAR2 6.8% 0.5%

VISEP31 12.1% 2.1%

De La Rosa et al32 8.5% 1.7%
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laboratory methods.53 In the NICE-SUGAR study only 60.1% 

of the hypoglycaemic episodes were confirmed by laboratory 

measurement.2 A variety of glucometers were allowed in the NICE-

SUGAR study. The accuracy of some types of glucometers has been 

shown to be poor in the ICU setting.54 In addition, many critically ill 

patients are anaemic and it has been shown that a haematocrit of 

< 34% produces systematic errors in glucometer measurements.55 

Moreover, anaemia results in falsely elevated BG levels, while 

polycythaemia results in low values.56  It is interesting in this regard 

that a correction formula has been developed which, when applied to 

device derived glucose concentrations, was associated with a 78% 

decrease in hypoglycaemia in the presence of TGC practices.55 

Hirasawa et al (2009) used a novel approach to indicate “good” and 

“bad” responders to tight glycaemic control.6 An interleukin-6 (IL-6) 

level of 1000 pg/ml can be used to diagnose systemic inflammatory 

response syndrome (SIRS) or hypercytokinaemia. Applying TGC  

(6.6–8.3 mmol/L) to patients with severe sepsis and septic 

shock resulted in a success rate of TGC was only 53%. When the 

researchers divided the patients into subgroups according to  

IL-6 levels on admission to ICU, they found that the success rate 

of TGC was relatively high in those with an IL-6 < 1000 mg/dl on 

admission, but very low in those with a level of > 10000 pg/ml.6 

A protocol prescribing the control process may improve BG control.4 

TGC (4.4–4.6 mmol/L) in ICU patients, by using a computerised 

insulin dosing algorithm, resulted in hypoglycaemia in only 4.25% 

patients with 97.5% achieving target range and remained on target 

73.4% of the time.8 Unfortunately this study was not randomised, 

it was retrospective in nature and employed various BG sampling 

methods. The SPRINT protocol was applied in a general ICU to 

achieve TGC (4.4–6.1mmol/L). The implementation of the SPRINT 

protocol resulted in only 9.0% of all measurements being below  

4.4 mmol/L, 3.8% below 4 mmol/L and 0.1% of measurements 

below 2.2 mmol/L. Hospital mortality was reduced for ≥ 3 (from 

34.1% to 25.4%), ≥ 4 (from 34.3% to 23.5%) and ≥ 5 days (from 

31.9% to 20.6%).7 

Recommendations

Some recent recommendations for BG control targets (Table III) and 

safe recommendations for implementation of TGC (Table IV) are 

presented in the respective Tables.

Conclusion

Hyperglycaemia is associated with adverse effects in the critically 

ill patient. Studies investigating the effect of TGC, unfortunately, to 

date have not provided a definitive answer to the question whether 

TGC will improve mortality. The greatest risk in some studies on 

TGC has been shown to be hypoglycaemia. Future research needs 

to focus on blood glucose target for different populations and the 

design of effective tools to reach the targets safely. Furthermore, a 

distinction should be made between diabetic patients and other ICU 

patients, and the effect of nutrition support protocols and glucose 

variability should be assessed. In the meantime, it would be prudent 

to practice a moderate control target in the ICU, in general, with 

particular attention to settings that contribute to the precipitation of 

hypoglycaemia. 
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Introduction

The medical nutrition therapy of a patient with diabetes mellitus 

(DM) poses many challenges to the health care provider. In order to 

reach the goals of treatment, careful consideration of the different 

treatment options needs to be investigated.

The goals of nutritional therapy for DM include the maintenance of 

as near-normal blood glucose levels as possible, the achievement of 

optimal blood lipid levels, the prevention and treatment of acute and 

chronic complications of diabetes; while concurrently maintaining 

fluid balance in a patient receiving nutritional support.1,2 Another 

important factor in the nutritional management of a diabetic patient 

is glycaemic control during enteral feeding since hyperglycaemia 

has been associated with an increased risk for infection in patients 

with DM and in ICU patients in general.2,3 Current guidelines for 

blood glucose control in critically ill patients with and without 

DM, recommend keeping glucose values in the range of 6,1–8,3 

mmol/L.3,4 There is a higher incidence of severe hypoglycaemia in 

patients treated to tighter limits when blood glucose is maintained 

between 4.5 and 6.1 mmol/L.4

Diet composition

The ideal composition of the diabetic diet, specifically with regards 

to the carbohydrate and fat content, has received much attention 

and research in the last 15 years. From a high carbohydrate, low 

fat diet to a low carbohydrate, high fat diet, to a mixture of both. 

What has become more evident with time is that it is not only the 

total amounts, but rather the type of carbohydrate and fat that is 

important.1

The nutritional recommendations for individuals with DM of the 

American Diabetes Association for instance (Table I) indicate 

that in the 1990’s, the recommended contribution to total energy 

(TE) of carbohydrate was 50–60%, fat had to be < 30% and no 

recommendations were made for glycaemic index (GI).5 About 10–

12 years later, the recommendations changed to the combination 

of carbohydrate and fat, especially monounsaturated fat (MUFA), 

contributing between 60–70% total energy, saturated fat < 7%, 

poly-unsaturated fat < 10%, trans fatty acids as low as possible 

and cholesterol < 300 ml per day. Still no GI recommendation was 

included.6 From 2006 up to the present, no specific percentage 

recommendations are made for the percentage contribution of 

carbohydrate and fat in terms of total energy, but carbohydrate 

should be > 130 g per day, saturated fat < 7%, trans fatty acids 

as low as possible and cholesterol < 200 ml per day. Fibre intake 

should be 14 g/1000 kcal, with emphasis on low GI foods.1,3

The emphasis that was placed on increasing fat, especially MUFA, 

stemmed from research associating hypertriglyceridaemia with 

diets high in carbohydrate.7 By decreasing the carbohydrate 

contribution and simultaneously increasing the fat contribution, 

especially MUFA, a positive outcome on lipid management, together 

with glucose control was found and this contributed to the changed 

recommendations. It was then thought that these high fat diets could 

result in weight gain, but studies proved that increased MUFA diets 

as part of an energy-controlled diet plan, would not result in weight 

gain.2 The most recent guidelines take emphasis away from specific 

percentage contributions of carbohydrate and fat, and make room 

for a more individualised approach, but they do indicate minimum 

carbohydrate and maximum saturated fat intake. Also, current 

Abstract
The majority of enteral nutrition products for diabetes mellitus have a carbohydrate content of 30–45% and fat between 40–49%, mainly 
monounsaturated fat, with a mix of soluble and insoluble fibre (total of 14–24 g/l). Does this have short- and long-term benefits and which 
component(s) is/are crucial for the outcome or is it the combination that counts? Both manipulations of DM specific enteral formulae, i.e. 
addition of fibre and altered carbohydrate to fat percentage seem to be effective for short-term glucose control, but do not show convincing 
evidence regarding lipid management. In terms of gastro-intestinal function, there seems to be adequate evidence that fibre plays an important 
role for the management of diarrhoea and constipation. The implications of high fat intake on the longer-term, especially in patients suffering 
from gastroparesis, are less clear.
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recommendations define better the amount of fibre and place 
emphasis specifically on GI.

It is therefore to be noted that the composition of enteral 
formulae specific for the management of DM reflect the 
prevailing recommendations at the time a given formula became 
available. The majority of enteral nutrition products for DM have a 
carbohydrate content of 30–45% and fat between 40–49%, mainly 
monounsaturated fat, with a mix of soluble and insoluble fibre (total 
of 14–24 g/l). Does this composition of such products have short- 
and long-term benefits for the patient and which component is 
crucial for the outcome or is it the combination that really matters? 

The role of fibre

Fibre is advantageous to the diabetic patient not only because it helps 
against constipation (insoluble fibre),8,9 but also because it is known 
to decrease blood glucose and lipid levels (mainly soluble fibre).8,9 
This is achieved by the ability of fibre to regulate the absorption of 
glucose through reducing the rate of digestion and prolonging gastric 
emptying, thereby improving postprandrial blood glucose control.10 
The recommended fibre intake varies from 20–50 grams per day, or 
14–25 g/1000 kcal (4200 kJ) and about 50% of fibre should be of 
the soluble type.1,7,10 An adequate fluid intake is essential in patients 
receiving fibre-containing enteral nutrition, especially if long-term, to 
prevent constipation.11

Fibre supplementation of enteral nutrition is normally done in order 
to attempt to improve GIT tolerance i.e. improve diarrhoea; prevent 
constipation and improve glycaemic control.8,12

Elia et al13 performed a systematic review and meta-analysis 
to determine the clinical significance of fibre-containing enteral 
formulae. They included 51 studies that met their inclusion criteria. 
The type of fibre used most in the studies was soy polysaccharides, 
followed by a fibre-mix of soluble and insoluble fibres or by other 
individual fibre components. In the hospitalised patients, fibre-
containing feeds were well tolerated and resulted in improvements 
in clinical outcomes. The overall incidence of diarrhoea was 
significantly reduced by 32% (OR = 0,68, p = 0,03). The effect was 
most pronounced in those with a high incidence of diarrhoea at 
initiation of the formula. Due to heterogeneity between the studies, 
especially between the ICU studies, results should be interpreted 
according to ICU and non-ICU patient populations. In the ICU group, 
the incidence of diarrhoea was reduced by only 2% (OR = 0,98), but 

in the non-ICU group it was reduced by 58% (OR = 0,42, p = 0,001). 

This highlights the importance of group-specific analysis of data. 

The amount of fibre consumed in the studies ranged from  

14–34,9 g/day and did not show a significant relationship with 

the diarrhoea incidence.13 The fibre intake did, however, show a 

significant positive relationship with faecal mass. The latter did not 

directly affect the prevalence of constipation, since even though the 

fibre-containing feeds resulted in less patients reporting constipation, 

the results were not significant. Bowel frequency was increased by 

fibre supplementation in patients with a low frequency at baseline 

and vice versa, with little effect on patients with a normal bowel 

frequency.13

When assessing outcomes of fibre-supplemented formulae versus 

an enhanced fibre intake in the diet, it should be remembered that 

modified fibres are being used in formulae in order to reduce the 

occurrence of blockage of feeding tubes. This might affect the 

metabolic pathways and water-holding properties of the fibre that 

could explain the differences in outcomes.13 Also, assessing formulae 

using a single fibre source with those using fibre mixtures will also 

be expected to affect the outcome.

Carbohydrate and fat contribution to total energy

Some clinical studies have indicated that high carbohydrate (> 55%), 

low fat (< 30%) diets resulted in increased postprandrial plasma 

glucose and hypertriglyceridaemia as compared to lower carbohydrate 

(40–45%) and higher fat (45%), specifically monounsaturated fat 

(20–25%) diets.1,7 The latter diet composition did not only result 

in better glucose control, but the lipid abnormalities were also 

improved. Other researchers found similar results, but additionally 

reported the total energy intake of the diet to be the deciding factor. 

In patients receiving reduced energy intake, high carbohydrate diets 

did not increase triglyceride levels. This was only found when a high 

energy intake was maintained. Because of the individual response 

to high carbohydrate diets, it is recommended that individual dietary 

adaptations should be made regarding the carbohydrate and fat 

composition in the diet of a given patient. Other researchers have 

reported that replacing saturated fats with polyunsaturated fat had 

similar results to replacing saturated fat with monounsaturated fats. 

Depending on the total energy and carbohydrate intake, as well as 

the individual response to the diet, saturated fat can therefore be 

replaced by either unsaturated fatty acid or carbohydrate.1,2,7

Table I: Adaptations in the nutritional recommendations of the American Diabetes Association 1994–2006

Year Carbohydrate Fibre Glycaemic index Fat

19945 50–60% TE Consume a variety of foods No recommendation
TF < 30% TE
SF < 10% TE

20046 CHO + MUFA = 60–70% TE Similar to general public No recommendation

SF < 7% TE
TFA minimum
PUFA < 10% TE
Chol < 300 mg

20061 CHO > 130 g per day
14 g/1000 kcal Emphasis on low GI foods

SF < 7% TE
TFA minimum
Chol < 200 mg

TE = total energy; CHO = carbohydrate; GI = glycaemic index; TF = total fat; SF = saturated fat; MUFA = monounsaturated fat; PUFA = poly-unsaturated fat; Chol = cholesterol; TFA = trans fatty acids
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Studies comparing diabetes-specific formulae with standard 
formulae have reported a neutral effect on glucose control and lipid 
management14; a reduction in peak glucose values15,16,17; a reduced 
HbA1c profile15,16; lower postprandial glucose values18; reduced 
insulin requirements16 and no significant effect on lipid values.14,16,18 

Unfortunately, due to relatively small patient numbers and short 
duration of studies, as well as different feed compositions, it is 
difficult to compare results and to determine the clinical impact of 
the outcomes.

Elia et al19 performed a systematic review and meta-analysis to 
determine the benefits of enteral nutrition support, specifically the 
use of diabetes-specific formulae for patients with DM. In total 
23 studies were included of which 19 were RCT and the majority 
studied type 2 DM. Due to different study methodologies, relatively 
small numbers of studies were grouped together for subgroup 
analysis. Compared to standard formulae, DM specific formulae 
Studies comparing diabetes-specific formula with standard formula 
resulted in significantly lower postprandrial blood glucose rise (by 
1,03 mmol/L), significantly smaller area under the curve (AUC) and 
insulin AUC values, and reductions in A1c by 0,6%. The effects on the 
blood lipid profile were less pronounced with no significant effects 
on cholesterol, LDL, HDL and triglyceride values. Also of importance 
was the finding that no significant differences in complication rates 
were reported. The authors concluded that DM specific formulae can 
result in improvements on blood glucose control.19

Conclusion

Do we really need specialised formulae for diabetes patients or can 
the patients be treated just as effectively with a standard polymeric 
formula with or without fibre? According to the ADA,3 various studies 
have attempted to identify the ideal mix of macronutrients for patients 
with DM. It is unlikely that one such combination of macronutrients 
exists and therefore emphasis should be placed in individualised 
approaches.1,3 

The majority of diabetes-specific enteral formulae on the market in 
South Africa contain a combination of different fibres, with an altered 
carbohydrate to fat ratio with emphasis on MUFA. The question can 
thus be asked which of these two main alterations i.e. addition 
of fibre or carbohydrate to fat manipulation is the most important 
and successful, or is it the combination of the two that is of the 
essence?

In all patients, fermentable fibres are effective for glucose 
control.8,9 Since the dyslipidaemia of diabetes (type 2), especially 
hypertriglyceridaemia, is often disproportionate to the degree of 
hyperglycaemia, the latter needs to be monitored and treated 
individually.2 Both manipulations of DM-specific enteral formula, i.e. 
addition of fibre and altered carbohydrate to fat percentage does not 
show convincing evidence regarding lipid management.2,19 

In the critically ill patient in an ICU setting, the tolerance of fibre 
sources is dependent on the function of the gastro-intestinal tract 
and the use of fibre (quantity and type) should be reconsidered 
based on the given clinical setting. Patients at high risk of bowel 

dysmotility and hypotensive patients at risk of developing bowel 

ischaemia should not receive any fibre, especially insoluble fibre.4,16 

Since bowel dysmotility is present in a great number of ICU patients, 

the use of most fibre-containing feeds would not be indicated. 

In the non-ICU patient population in a general ward or in the 

long-term home enterally supported patient the scenario can be 

totally different. Diarrhoea and/or constipation are probably the 

most commonly encountered complications in these cases. Fibre 

containing feeds have been shown to be effective in the management 

of both extremes of stool adaptations and therefore have a definite 

role to play.8 To prevent and manage diarrhoea, soluble fibre should 

be administered and to prevent and manage constipation, a mixture 

of soluble and insoluble fibre is recommended.8,9 In the DM patient 

with gastroparesis, fibre blends, especially insoluble fibre, is not very 

practical11 and a high fat intake which normally may have beneficial 

outcomes on glucose management due to slowing down of gastric 

emptying, will also worsen the gastroparesis.20
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Micronutrients: do small things matter?

Introduction

It is increasingly and consistently realised that micronutrients have 
an important role to play in health and disease. Apart from the 
prevention of clinical deficiency syndromes, the fast developing 
field of immunonutrition has added yet another dimension to 
the importance of foods, nutrition and micronutrients in disease 
prevention and therapy. It is well known that micronutrients are 
involved in the prevention of nutritional deficiencies, immune humoral 
and cellular defence, regulation of gene expression during the acute 
phase response, antioxidant defence and prevention of chronic 
diseases.1 Despite these major developments on the importance of 
other aspects of micronutrient status, understanding of the exact 
role of the latter in critical illness remains elusive and ill defined, 
complicating decision-making on the part of the nutrition support 
practitioner.

In the critical care field it is well-known that nutrition support 
is a key component of therapy in these patients. Although great 
care is given to provide adequate and optimal carbohydrate, lipid 
and protein combinations, the vital role of micronutrients should 
not be overlooked.2 Despite the lack of clear guidelines regarding 
micronutrient requirements in the critically ill, a growing body of 
evidence (though conflicting at times) is emerging.  

Micronutrients in the critically ill patient

Nutritional support of the critically ill patient includes the daily provision 
of vitamins and trace elements. These compounds, collectively 
termed “micronutrients”, are essential not only as intermediaries 
in metabolism but also for their potential roles in cellular immunity, 
wound healing and antioxidant activity.3 Micronutrient deficiencies in 

critically ill patients may occur as pre-existing conditions in patients 
with poor nutritional status prior to hospitalisation or as a result of 
severe illness or the injury itself.2 Any injured patient will develop 
an acute phase response (APR) and a systemic inflammatory 
response syndrome (SIRS) with the production of various mediators, 
including cytokines, which modulate the metabolic response.4,5  
SIRS is associated with a redistribution of vitamins and trace 
elements from the circulating compartment to tissues and organs, 
which are involved in protein synthesis and immune cell production.6  
The circulating concentrations of most trace elements (iron, selenium, 
zinc) and of their carrier proteins decrease as do the water-soluble 
vitamins, whereas copper and manganese increase,6,7 causing a 
relative deficit in circulating antioxidants. In addition, trauma and 
burns patients typically experience extensive loss of biologic fluids 
through wound exudates, drains and haemorrhage, which contribute 
to negative micronutrient balances.5 These deficient states can 
adversely affect various biochemical processes and enzymatic 
functions, resulting in organ dysfunction, poor wound healing and 
altered immune status – all with deleterious patient outcomes.2 
Therefore attention to micronutrient requirements in the critically ill 
is imperative.

Micronutrients and the oxidative stress state

Oxidative stress has been implicated in the manifestations of critical 
illnesses, including ischaemia and reperfusion injury and systemic 
inflammatory states.8 The latter is increasingly being recognised as 
vital to the underlying pathophysiology of critical illness, particularly 
the development of organ failure.9 Oxidative stress is defined as 
“a state in which the level of toxic reactive oxygen intermediates 
(ROI)/reactive oxygen species (ROS) overcomes the endogenous 

Abstract
Despite the major developments on the importance of micronutrient status in health and disease, understanding of the exact role of the latter 
in critical illness remains elusive and ill defined, complicating decision-making on the part of the nutrition support practitioner. Micronutrient 
deficiencies in critically ill patients may occur as pre-existing conditions in patients with poor nutritional status prior to hospitalisation or as a 
result of severe illness or the injury itself. In practical terms it is clear that micronutrients should be provided at, at least, the current available 
recommended doses to prevent overt clinical deficiencies. For other claims/indications and higher doses the literature consistently indicate 
that the risk (adverse effects) to benefit (mortality) ratio may be favourable, and if such higher doses are used in practice it should be within 
the dose range that the current experience covers and for the clinical settings studied only.
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antioxidant defenses of the host”.8 Oxidative stress can result from 
either an excess in oxidant production, and/or depletion of antioxidant 
defenses.10,11 Protective antioxidant systems help defend against 
ROS-induced cellular damage. Oxidative stress is thought to increase 
in the presence of the APR because of the accompanying activation 
of neutrophils and macrophages and the subsequent release of 
free radicals,12 which may overwhelm defensive mechanisms and 
disturb the pro-oxidant-antioxidant balance in favour of the former, 
leading to potential damage.13 Besides ROS, another category of 
free radicals is derived from nitric oxide (NO) metabolism and is the 
normal byproduct of endothelial metabolism.6 Free radicals cause 
a cascade of intracellular events resulting in the release of nuclear 
factor-kappa B (NF-Κb) in the cytoplasm,14 and subsequently 
enabling the initiation of the transcription process. NF-κB controls 
the production of acute phase mediators such as tumour necrosis 
factor (TNF-α), interleukin 2 (IL-2), and IL-2 receptors, which in 
turn activate NF-κB, intensifying the inflammatory cascade.6 In this 
regard, selenium has been shown to downregulate NF-κB, thus 
limiting the extent of the APR15,16 whereas antioxidants in general are 
considered to limit the release of NF-κB caused by ROS.17 Oxidative 
stress can cause lipid peroxidation, damage to DNA, and cell death18 

and has been associated with sepsis, shock, mechanical ventilation, 
organ dysfunction, adult respiratory distress syndrome (ARDS)  
and surgery.13

Thus, critical illness is associated with increased ROS production (and 
thus increased oxidative stress), and on the other hand low levels of 
most antioxidant micronutrients (endogenous antioxidant defenses). 
Good and reliable methods of assessing overall antioxidant status 
are therefore important, but remain problematic. Measurement of 
individual micronutrients in the plasma is of limited value, whilst the 
measurements of total antioxidant capacity (TAC), though promising, 
have not yet been shown to have sufficient sensitivity or specificity 
for clinical use.19 Proof of an increased oxidative stress state is 
difficult to obtain based solely on measured levels of ROS, due to 
their short half-life.11 Evidence for an increased oxidative stress state 
in critically ill patients is seen indirectly through the measurement 
of the byproducts of ROS with cellular molecules. These patients 
demonstrate elevated levels of substances such as thiobarbituric 
acid-reacting substances (TBARS: byproducts of the interactions of 
lipids with ROS), DNA and proteins.2 Oxidative damage markers, such 
as malondialdehyde (MDA) or F2-isoprostanes, reflect the balance 
between oxidant stress and the body’s ability to cope with it,20 and 
are likely to be more useful than antioxidant protection markers in 
predicting outcome.21

Endogenous mechanisms work in a network-like fashion to neutralise 
the production of ROS in an attempt to counteract the deleterious 
effects thereof.2 Intracellular glutathione and nonenzymatic ROS 
scavengers (including vitamins such as ascorbic acid, β-carotene 
and α-tocopherol) form part of this highly evolved mechanism. 
Enzymatic systems [including superoxide dismutase (SOD), catalase 
and glutathione peroxidases (GSHPx)] then work synergistically 
to detoxify ROS further. These enzyme systems are dependant on 
minerals such as selenium, copper, zinc and manganese as important 
cofactors in these enzymatic reactions.2

Of all the antioxidants, special interest is being afforded to selenium 
as a result of recent supplementation trials. Selenium-dependant 

enzymes and selenoprotein P regulate immune and endothelial 
function. Four of the six known glutathione peroxidases play a 
significant role in antioxidant defenses.6 The mechanisms involved 
have been reviewed22 in detail and indicate that it is not necessarily 
selenium itself but rather the activity of selenium-dependant 
enzymes that are of crucial importance.

Micronutrient supplementation in critical illness

Research on micronutrient supplementation in the critically ill has 
focused mainly on five micronutrients: selenium, zinc, copper, 
vitamins C and E, and more recently also the vitamin B group.1,6 
The aims of supplementation can be described as provision of basic 
nutritional support (bearing in mind the increased requirements due 
to hypermetabolism and wound healing), prevention and correction 
of deficiencies, and modulation of the APR and immune responses 
by reinforcement of endogenous antioxidant defences.1 Establishing 
requirements in the critically ill has proven notoriously difficult 
and various sets of guidelines (each with their own limitations in 
a particular population) and proposals from various authors are 
available.5,23-29

Despite these guidelines and proposals little consensus exists as to 
“what to use when” and many questions remain regarding doses 
required, route and timing of replacement. It is also imperative to 
bear in the mind the potential for deleterious effects, i.e. “more is not 
necessarily better”. Micronutrients, especially trace elements and fat 
soluble vitamins, carry the risk of toxicity at high intake levels.5,6 
Nutrition support practitioners considering supplementing antioxidant 
micronutrients in critically ill patients should proceed with caution 
and consider the amounts of such micronutrients a patient is already 
receiving through an oral diet and/or enteral/parenteral nutritional 
support. Inappropriate antioxidant micronutrient supplementation 
has the potential for creating a pro-oxidant microenvironment that 
may have as much potential for harm as for benefit in the well-
nourished patient. 

A growing body of evidence is emerging that demonstrates the 
potential benefits of micronutrient (and specifically antioxidant) 
supplementation in critically ill patients. 

Synthesis of the evidence

Despite two published systematic reviews already available in the 
literature,9,30 the sum-total of available evidence (including the 
outcome of these two meta-analyses) still indicates that the exact 
micronutrient requirements of the critically ill patient and related 
practice issues remain uncertain. Since the systematic review by 
Heyland et al9 was published in 2005, several trials were conducted 
(including larger multi-centre trials) prompting our group to explore 
the questions once more by aggregating the latest trial data and 
results with those of the older trials, with the aim of obtaining better 
clarity and further answers.31

The systematic review and meta-analysis undertaken by our group31 
substantially builds on the initial very important review by Heyland et 
al9 by including seven new trials, including the first four multi-centre 
randomised controlled trials in this area of research.32-35 This updated 
review31 indicates and supports previous findings9 that micronutrient 
supplementation in the critically ill may be associated with a 
reduction in overall mortality, and specifically 28 day mortality. 
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Micronutrient supplementation in the updated systematic review31 
was not associated with a reduction in infectious complications, 
similar to the findings of Heyland et al.9 This finding could possibly 
indicate that the mortality effect observed was mediated by other 
mechanisms (e.g. improved organ function). The updated review31 
was the first to report on LICU and LOS and found that these 
outcomes were unaffected by micronutrient supplementation. 

In sub-group analyses of the updated review,31 single nutrients were 
associated with borderline statistical significance (p = 0.06) in terms 
of mortality, whilst a sensitivity analysis of combined micronutrients 
indicated a significant reduction in mortality (p = 0.006). Although 
in contrast to the Heyland et al9 findings (i.e. single nutrients were 
associated with a significant reduction in mortality; combined 
micronutrients were not), the findings of the updated review would 
appear to support prior hypotheses and the rationale underlying the 
use of combinations of micronutrients, based on observations of the 
biochemical properties of the endogenous antioxidant network and 
the fact that micronutrients depend on each other for regeneration 
in a continued spiral.1 

The updated review did not find clear evidence that parenteral is 
superior to enteral administration in terms of clinical outcomes, 
in contrast to the Heyland et al9 review that did find a significant 
reduction in mortality associated with parenteral administration of 
antioxidants. The vast majority of trials available in the literature 
delivered micronutrients intravenously, with the intravenous route 
seen as the only reliable method by which micronutrients can be 
administered in the critically ill.2 Absorption by the enteral route 
in critically ill patients is unpredictable due to bowel oedema, 
bowel ischaemia, haemodynamic instability, fluid resuscitation 
and alterations in blood supply.36 On the other hand, delivering 
micronutrients to the gut may be beneficial through the attenuation 
of the local gut inflammatory response,37 indicating that both routes, 
theoretically at least, do have their advantages.9 Given the major role 
of the gastrointestinal tract as a source of cytokine and leukocyte 
activation and ROS formation, the provision of key nutrients directly 
to the gastrointestinal tract makes biological sense.38 It is thus 

proposed that future studies investigate the use of both parenteral 
and enteral administration of micronutrients to maximise the 
opportunity of demonstrating a treatment effect, if one truly exists.

The current evidence and updated review confirms that timing, 
duration and dosing are key factors to ensure optimal clinical 
benefit. The timing of micronutrient supplementation is important 
and is probably a key factor as the repletion of micronutrients, and 
specifically antioxidants, would probably achieve a greater efficacy 
if given before massive oxidative injury (e.g. severe sepsis or septic 
shock).39 Despite the fact that no studies could be found comparing 
early to late micronutrient supplementation in the critically ill, it is 
reasonable to conclude that micronutrient supplementation should 
begin early in the course of critical illness to offset the deleterious 
effects of ROS. Another important factor to consider is the duration 
of supplementation, which should be sufficient to produce optimal 
clinical benefit.

In terms of micronutrient doses (Table I) the updated systematic 
review31 has highlighted the fact that there is still not clarity 
regarding optimal doses and which patients will benefit most 
(or will be adversely affected), and that further large multi-centre 
trials (including dose-finding trials) are necessary. It is of obvious 
importance to find the optimal dose for micronutrients administration, 
which is effective without producing a pro-oxidant effect.

Importantly, the vast majority of trials avaiable in the literature reported 
no adverse/deleterious effects of micronutrient administration, 
with the exception of one trial that deserves mention.35 This study 
by Siriwardena et al,35 conducted in patients with severe acute 
pancreatitis, indicated a trend towards worse outcome in the 
treatment arm of the study (although results were not statistically 
significant and not demonstrably treatment related). The outcome 
of this study warrants caution, at least in patients with severe acute 
pancreatitis. In general terms, practitioners will be well served by 
remembering “more is not necessarily better”. Micronutrients may 
have dose-response curves with toxicity risk at high levels of intake. 
Zinc toxicity has been reported with doses of over 50 mg per day42 

Table I: Recommended doses and doses used in RCTs of selected micronutrients in critical illness

Micronutrient
(MN)

RDA for 
oral feeding 

(daily)23,24

UL40,41

Recommendations for PN
Proposed supplements 

(in addition to MNs provided by feeding)

Doses in RCTs
AMA 

197925,26

Shenkin 
199527

FDA  
200028

Berger 20065
Fuhrman 

2002
(/d)29

Major trauma 
(5d)

Major burns
(14-21d)

Vitamin C
(mg)

60 2000 100 100 200 1000 (IV) 1000 (IV) 500-3000
500-3000 (IV)
133-500 (EN)

Vitamin E
(mg)

8–10 1000 10 10 10 100 (EN) 100 (EN)
400 (IV)

40–1000 (EN)
50-400 (IV)

50-1350 (EN)

Selenium
(µg)

55–70 400 30–60 60 - 300 (IV) 500 (IV) 100–400 200-4000 (IV)

Zinc
(mg)

12–15 40 2.5–4 6.5 - 20 (IV) 30 (IV) 10–30 12-37.5 (IV)

Copper
(mg)

2 10 0.5–1.5 1.3 - - 4 (IV) - 2.5-3.75 (IV)

AMA: American Medical Association; d: day; EN: Enteral nutrition; FDA: Food and Drug Administration; IV: Intravenous; MN: Micronutrient; PN: Parenteral nutrition; RCT: Randomised controlled trial; RDA: Recommended dietary 
allowance for healthy people; UL: Tolerable upper intake level (general population)
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and an upper limit of intake of selenium in the diet has been set at 
400 µg (5 µg/kg) per day (although a no observable effect level of 800 
µg per day has been proposed).24 An upper limit for safe short-term 
intravenous supplementation of 750-1000 µg selenite per day in the 
critically ill has been suggested22 with a dose of 800 µg of selenium 
per day given via the combined IV and enteral route documented 
to be safe in a dose-finding study.43 Results of a meta-analysis of 
19 RCTs in the community suggest that high dosages of vitamin 
E increase risk of all-cause mortality, and this dose-dependant 
increase begins at 150 IU/day.44 It is not clear to what extent all these 
considerations apply to the critically ill, but certainly should warrant 
a word of caution. More dose-finding trials are therefore required to 
establish optimal doses.

Conclusions

The current evidence does suggest potential benefit of micronutrient 
supplementation in critically ill adults in terms of some clinical 
outcomes, but also highlights that caution is warranted in terms of 
micronutrients administered, doses and specific patient populations 
targeted as nutrient interactions and risk of toxicity are not clearly 
defined in critical illness. Once more the conclusion is that there 
is a need for more large multi-centre prospective randomised 
controlled trials to assess the effects of different types and doses 
of micronutrient supplementation in selected groups of patients 
with different types of critical illness, with a few such trials already 
underway.38,45 It has been suggested that targeting the appropriate 
patient populations most likely to benefit (i.e. the more severely ill 
patients), considering the route of delivery (possibly a combination 
of parenteral and enteral) as well as attention to doses administered 
might maximise the opportunity of demonstrating a treatment effect, 
if one truly exists. In practical terms it is clear that micronutrients 
should be provided at, at least, the current available recommended 
doses to prevent overt clinical deficiencies. For other claims/
indications and higher doses the literature consistently indicates 
that the risk (adverse effects) to benefit (mortality) ratio may be 
favourable, and if such higher doses are used in practice it should be 
within the dose range that the current experience covers and for the 
clinical settings studied only.
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Nutritional management of gastrointestinal malignancies

The evidence connecting food and gastrointestinal malignancies 

from epidemiological, case-control, and prospective observational 

studies, indicate that determining the independent effects of 

specific nutrients is extremely difficult, given the many potential 

environmental factors to that need to be considered.1–3 

Nevertheless some associations have been documented. For instance, 

oesophageal cancer has been linked to low intakes of vitamin C, 

selenium and zinc, with a protective effect been afforded by an 

increased fruit and vegetable intake. Meat and fish consumption has 

shown inconsistent associations with oesophageal cancer studies.1 

Gastric cancer has been linked to foods preserved with salt or foods 

with a high salt content, while fruit and vegetable intake has been 

shown to have a protective effect against gastric cancer. Green 

tea has shown a protective effect against gastric cancer in several 

studies.4 Japanese studies have shown a strong environmental 

factor in the development of gastric cancer.5 Pancreatic cancer has 

been linked to increased energy intake and obesity.1 Dietary fat,6,7,8 

increased energy intake,9,10,11 processed meats,12 and central obesity 

appear to increase the risk of colon cancer in some studies.  

Nutritional assessment

Nutritional management of a patient with gastrointestinal malignancy 

first begins with an appropriate nutritional assessment, since several 

factors could affect the patient’s nutritional status. Long standing 

nutritional deficiencies could result in compromised cellular 

immunity which causes an increased risk for infection and delayed 

wound healing after surgery. Patients with the potential to become 

malnourished should be identified as early as possible during the 

treatment process. Nutritional management of these frail patients 

should be goal orientated, trying to correct nutritional deficiencies. 

It is important to realise that nutritional status will also be affected 

by underlying comorbidities that may increase the patient’s risk for 

nutritional deficits.1

Assessing the patient’s general nutritional status at the start of 

treatment is imperative.13,14 A complete medical and dietary history 

is probably the best tool to achieve this goal . The important factors 

to assess include dietary and physical examination, anthropometrics 

and laboratory parameters which may reflect nutrient deficits. 

Patients that have lost a significant amount of weight, greater that 

10% of initial body weight, and have shown a reduced oral energy 

intake for a period of between two and 24 weeks are at greater risk 

of developing both macronutrient and micronutrient deficiencies. 

Available evidence indicates that cancer patients with a weight 

loss greater that 10% of their initial body weight have a reduced 

appetite, lower chemotherapy response as well as shorter medial 

survival time.15 The Subjective Global Assessment (SGA) is a clinical 

method that can be used for the evaluation of a patient’s nutritional 

status. The SGA is a reliable tool to use in clinical settings, with an 

80% accuracy.16

Abstract
The evidence connecting food and gastrointestinal cancers from epidemiological studies, case-control studies, and prospective observational 

studies, indicates that determining the independent effects of specific nutrients is extremely difficult, given the many potential environmental 

factors to consider. The nutritional management of a patient with gastrointestinal cancer first begins with an appropriate nutritional assessment, 

seeing that several factors could affect the patient’s nutritional status. The most significant dietary advice for cancer patients in general, is 

to consume a significant amount of energy daily to maintain current body weight, as well as a liberal amount of protein. In cancer patients 

requiring gastrointestinal surgery, the benefit of delaying surgery to attain improved nutritional status needs to be determined for improved 

outcomes. Postoperatively, severely malnourished cancer patients, and patients with an anticipated inadequate nutritional intake for seven 

days or longer, will benefit from postoperative TEN, given within 48 hours after surgery. Regular monitoring and adjustments to nutritional 

prescriptions is imperative in order to improve the cancer patient’s nutritional status within the context of the prognosis.
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The most significant dietary advice for cancer patients in general, 

is to consume an adequate amount of energy daily in order to 

maintain current body weight, as well as a liberal amount of protein. 

Oral energy intake should be approximately 105–150 kJ/kg/day.  

A protein intake of approximately 1,0–1,5 g/kg/day will be adequate 

to meet the requirements of most non-wasted cancer patients. 

Cancer patients with a weight loss greater than five percent of their 

initial body weight should be advised to increase their daily energy 

intake by an additional 2100 KJ over and above the recommended 

intake of 105–150 kJ/kg/day. In such patients, protein intake should 

be maximised at 1,5 g/kg/day. It is also important to keep in mind that 

due to the malignancy induced inflammatory response in advanced 

cancer, additional energy and protein intake may not improve lean 

muscle mass.1

Gastrointestinal surgery

Surgery is the treatment of choice in patients with cancer of the 

oesophagus, with radiation and chemotherapy often given pre-

operatively. Side effects of radiation and chemotherapy often result 

in further weight loss. Surgical treatment usually involves a total 

or distal oesophagectomy requiring bilateral vagotomy, proximal 

gastrectomy, and anastomosis of the retained portion of the 

oesophagus to the remaining stomach. Post-operative regurgitation 

of food and bloating are common complications following surgery 

that can result in further weight loss and debilitation. Oesophageal 

strictures can appear post-operatively that often require repeated 

dilatation to ensure adequate food passage. Placing an oesophageal 

stent to improve food and fluid passage may be a palliative measure 

for non-surgical patients who experience severe dysphasia due to 

oesophageal luminal cancer growth.1,17

Nutrition support of gastrointestinal cancers

In cancer patients requiring gastrointestinal surgery, the benefit 

of delaying surgery to attain improved nutritional status needs to 

be carefully considered. Nutritional support can be given by either 

intravenous [parenteral nutrition (PN)] or total enteral nutrition 

(TEN). Available literature suggests that severely malnourished 

cancer patients, with a weight loss greater than 10% of their initial 

body weight, will benefit from preoperative TPN for a duration of 

seven to ten days.18 Although improved mortality has not been 

reported with improved nutritional status, a 10% improvement 

in postoperative complications has been reported in nutritionally 

supported patients when compared to patients who had nutrition 

support. Administration of PN pre-operatively to non-malnourished 

patients is not recommended, as it results in increased PN associated 

complications.19 Nutritional support of the hospitalised cancer 

patient should be commenced as soon as nutritional intake does 

not match daily increased requirements for a period longer than 

seven days. After a fasting period of seven to ten days, a negative 

nitrogen balance is known to occur, which increases the patient’s 

risk for infections and interferes with wound healing. The practicality 

of giving PN for seven to ten days prior to surgery is however often 

a problem.1

Postoperatively, severely malnourished cancer patients, and 

patients with an anticipated inadequate nutritional intake for seven  

days or longer, will benefit from postoperative TEN, given within  

48 hours after surgery.18 Nutritional improvement appear to be more 

significant with TEN compared to TPN post surgery.20 Patients with 

a pre-operative weight loss greater that 10% of initial body weight 

should ideally have a jejunal feeding tube place at the time of surgery. 

The feeding tube can later be removed as an outpatient, once normal 

oral intake has resumed.

Early satiety, postprandial abdominal pain and weight loss are 

frequently experienced by patients with gastric cancer. Surgical 

resection usually requires a total gastrectomy with an oesophageal 

anastomosis. Significant weight loss; dumping syndrome; fat 

malabsorption; and iron, calcium and vitamin B12 deficiency 

commonly occur postoperatively. Fluid nutritional supplements and 

small frequent meals may be beneficial to post-surgical patients with 

dumping and bloating. Increasing the pectin content in the diet to 

slow down gastric emptying and minimise fall in postprandial blood 

glucose levels is helpful and improves the nutritional management of 

such patients.21 Steatorrhea may occur due to secondary pancreatic 

insufficiency, and could be treated with pancreatic enzyme 

supplementation.22 Vitamin and mineral deficiencies should be 

prevented and treated with adequate oral supplementation of iron, 

vitamin C and B12. Nocturnal jejunal feeding should be considered 

in patients who continue to lose weight despite dietary adjustments/

supplements.1

Treatment of colorectal cancer involves resection of the affected 

segment of the bowel. Postoperative chemotherapy is usually 

tolerated well, with few nutrition-related side effects. If large 

sections of the right colon are resected, and the ileocaecal valve 

is compromised, postprandial diarrhoea may result. If more than  

60 cm of the terminal ileum is resected, vitamin B12 supplementation 

will be necessary.1

Parenteral nutrition

Indications for parenteral nutrition include small bowel obstruction, 

which may develop due to tumour growth; severe diarrhoea 

and malabsorption during the active treatment of the disease; 

gastrointestinal haemorrhage; treatment of fistulae; and as a 

supportive care for severely malnourished patients. PN is not 

generally indicted for patients with non-obstructive disease or if the 

duration for nutritional support is suspected to be shorter than seven 

days. There is no evidence to support that PN improves the outcome 

of chemotherapy or radiation-related treatment or the survival of 

patients with cancer.23 Optimal nutrition does however affect the 

patient’s quality of life.

Peripheral parenteral nutrition can be used when short-term 

nutritional support is needed for a period of less than seven to  

ten days.1
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How much?

Several studies have investigated energy expenditure and protein 

needs of cancer patients. Cancer patients with active disease 

may require as much as 1,2–1,5 times increased energy intake 

compared to normal resting energy expenditure. Energy needs  

can be calculated up to 168 kJ/kg/day of ideal body weight, and 

1–1,5 g/kg of ideal body weight for protein are usually sufficient for 

most adult cancer patients. Most hospitalised cancer patients only 

require nutritional support for up to two weeks.1

Monitoring safety

PN will not have any significant value to the patient if not used and 

monitored appropriately. Monitoring the therapy and making regular 

adjustments as required is imperative to achieve the desired goal/

benefit. Patients should be weighed daily, and accurate fluid intake 

and output should be recorded. Urine output should be more than 

1000 ml per 24 hours in order to ensure adequate hydration of 

the patient. A weight gain of more than one to two kilograms per 

week usually indicates fluid retention. This may occur in the first 

two weeks after PN is initiated. Diuretic therapy is occasionally 

required. Electrolytes and triglyceride levels should be monitored 

twice weekly.24

The human body adapts to weight loss and starvation by reducing 

resting energy expenditure. When large amounts of energy and 

carbohydrates are supplied to a malnourished cancer patient at 

too rapid a pace, refeeding syndrome may result.25 Refeeding is a 

potentially life-threatening complication of both PN and TEN when 

carbohydrate intake stimulates pancreatic insulin release, which 

results in the flow of potassium and magnesium to the intercellular 

space, with the possibility of cardiac arrhythmias as an adverse 

outcome. Prevention of refeeding syndrome is possible by using 

a mixed carbohydrate, protein and lipid formula, and gradually 

increasing the rate of administration.

Enteral nutrition

Enteral nutrition is recommended in the absence of bowel obstruction, 

high output fistula, or toxic megacolon. Because of postoperative 

gastroparesis, jejunal feeding may be preferred for specific cancer 

patients. TEN is generally started at a relatively slow rate (40 ml/h) 

and gradually increased eight hourly until the nutritional goal is 

reached. In severely malnourished patients, the infusion rate may 

have to be started at an even slower rate so as to avoid the refeeding 

syndrome. No standard commercial formula provides sufficient free 

water to meet the patient’s daily fluid requirements. Small frequent 

bolus amount of free water is required to meet patient needs.1 

Percutaneous endoscopic gastroscopy (PEG) feeding is often an 

effective and emotionally acceptable means of long term TEN.

Regular monitoring and adjustments to nutritional prescriptions is 

imperative in order to achieve nutritional goals which will improve 

the patient’s nutritional status.

References
1. Scolapio JS, Buchman AL. 2005. Gastrointestinal Cancer: Diagnosis and Management Issues, In The 

Clinician’s Guide to Gastrointestinal Oncology. Ed. by M Kockman. Thorofare: SLACK Incorporated, 
pp.307–27.

2. Hensrud DD, Heimburger DC. 1998. Diets, Nutrients, and Gastrointestinal Cancer. Gastroenterol Clin 
North Am. vol.27, no.2, pp.325–46.

3. Silverman DT, Swanson CA, Gridley G, et al. 1998. Dietary and Nutritional Factors and Pancreatic Cancer: 
a Case Control Study Based on Direct Interviews. J Natl Cancer Inst. vol.90, no.22, pp.1710–9.

4. Kono S, Hirohata T. 1996. Nutrition and Stomach Cancer. Cancer Causes Control. vol.7, no.1, 
pp.41–55.

5. Haenszel W, Kurihara M. 1968. Studies from Japanese Migrants. I. Mortality from Cancer and Other 
Diseases Among Japanese in the United States. J Natl Cancer Inst. vol.40, no.1, pp.43–68.

6. Schatzkin A, Lanza E, Corle D, et al. 2000. Lack of Effect of a Low-Fat, High-Fiber Diet on the 
Recurrence of Colorectal Adenomas. Polyp Prevention Trial Study Group. N Engl J Med. vol.342, no.16, 
pp.1149–55.

7. MacLennan R, Macrae F, Bain C, et al. 1995. Randomized Trial of Intake of Fat, Fiber and Beta Carotene 
to Prevent Colorectal Adenomas. J Natl Cancer Inst. vol.87, no.23, pp.1760–6.

8. McKeon-Eyssen GE, Bright-See E, Bruce WR, et al. 1994. A Randomized Trial of a Low Fat High Fiber Diet 
in the Recurrence of Colorectal Polyps. Toronto Polyps Prevention Group. J Clin Epidemiol. vol.47, no.5, 
pp.525–36.

9. Goldbohm RA, Van der Brandt PA, van’t Veer P, et al. 1994. A Prospective Cohort Study on the Relation 
between Meat Consumption and the Risk of Colon Cancer. Cancer Res. vol.54, no.3, pp.718–23.

10. Armstrong B, Doll R. 1975. Environmental Factors and Cancer Incidence and Mortality in Different 
Countries, with Special Reference to Dietary Practices. Int J Cancer. vol.15, no.4, pp.617–31.

11. Giovannucci E, Rimm EB, Stampfer ME, et al. 1994. Intake of Fat, Meat and Fiber in Relation to Risk of 
Colon Cancer in Men. Cancer Res. vol.54, no.9, pp.2390–7.

12. Sandhu MS, White IR, McPherson K. 2001. Systematic Review of the Prospective Cohort Studies on Meat 
Consumption and Colorectal Cancer Risk: a Meta-Analytical Approach. Cancer Epidemiol Biomarkers 
Prev. vol.10, no.5, pp.439–46

13. Repetto L, Fratino L, Audisio RA, et al. 2002. Comprehensive Geriatric Assessment Adds 
Information to Eastern Cooperative Oncology Group Performance Status in Elderly 
Cancer Patients: An Italian Group for Geriatric Oncology Study. J Clin Oncol. vol.15, no.20, 
pp.494–502.

14. Pope D, Ramesh H, Gennari R, et al. 2006. Pre-Operative Assessment of Cancer in the Elderly (PACE): 
A Comprehensive Assessment of Underlying Characteristics of Elderly Cancer Patients Prior to Elective 
Surgery. Surg Oncol. vol.15, no.46, pp.189–97.

15. Dewys WD, Begg C, Lavin PT, et al. 1980. Prognostic Effect of Weight Loss Prior to Chemotherapy in 
Cancer Patients. Eastern Cooperative Oncology Group. Am J Med. vol.69, no.4, pp.491–7.

16. Detsky AS, McLaughlin JR, Baker JP, et al. 1987. What is Subjective Global Assessment of Nutritional 
Status. J Parenter Enter Nutr. vol.11, no.1, pp.8–13.

17. Audisio RA, Ramesh HS, Sestini A, et al. 2008. Shall we Operate? Preoperative Assessment in Elderly 
Cancer Patients (PACE) can help. A SIOG Surgical task Force Prospective Study. Crit Rev Oncol Hematol. 
vol.65, no.2, pp.156–63.

18. Satyanarayana R, Klein S. 1998. Clinical Efficacy of Perioperative Nutrition Support. Curr Opin Clin Nutr 
Metab Care. vol.1, no.1, pp.51–8.

19. The Veterans Affairs Total Parenteral Nutrition Cooperative Study Group. Perioperative Total Parenteral 
Nutrition in Surgical Patients. 1991. N. Engl J Med. vol.325, no.8, pp.525–32.

20. Bozetti F. 2001. Nutrition in Gastrointestinal Cancer. Curr Opin Clin Nutr Metab Care. vol.4, no.6, 
pp.541–6.

21. Jenkins DJ, Bloom SR, Albuquerque RH, et al. 2001. Pectin and Complications After Gastric Surgery: 
Normalisation of Postprandial Glucose and Endocrine Responses. Gut. vol.21, no.7, pp.574–9.

22. Hinw RJ, Srivastava S, Milner JA, Ross SA. 2003. Nutritional Links to Plausible Machanisms Underlying 
Pancreatic Cancer: A Conference Report. Pancreas. vol.27, no.4, pp.356–66.

23. Scolapio JS, Ukleja A, Burnes JU, Kelly DG. 2002. Outcome of Patients with Radiation Enteritis Treated 
with Home Parenteral Nutrition. Am J Gastroenterol. vol.97, no.3, pp.662–6.

24. Toskes PP. 1990. Hyperlipidemic Pancreatitis. Gastroenterol Clin North Am. vol.19, no.4, pp.783–91.

25. Solomon SM, Kirby DF. 1990. The Refeeding Syndrome: A Review. J Parenter Enteral Nutr. vol.14, no.1, 
pp.90–7.

 



S65

Invited communication: The gastrointestinal tract and HIV pathogenesis

2010;23(1) SupplementS Afr J Clin Nutr

Downs JH 
Dietetics Departtment, King Edward VIII Hospital, Durban, South Africa

Correspondence to: Me Jane Downs, e-mail: jane.downs@kznhealth.gov.za 

The gastrointestinal tract and HIV pathogenesis

Introduction

Gastrointestinal dysfunction has been recognised as a major 

manifestation of the human immunodeficiency virus (HIV) infection 

since the earliest recognition of the syndrome, the acquired 

immune-deficiency syndrome (AIDS). It was originally thought that 

these disease manifestations were the sequelae of the immune 

destruction which characterises AIDS, rather than it being central to 

the pathogenesis of AIDS. In the past decade, it has been observed 

that the mucosal immune system and the intestinal immune system 

are pivotal in the pathogenesis of AIDS, with the most critical 

events, namely transmission, viral amplication, and CD4+ T-cell 

destruction occurring in the gastrointestinal tract (GIT). Furthermore, 

the breakdown of the mucosal barrier with consequent microbial 

translocation, are considered to be major drivers of AIDS progression.1 

In this regard, the GIT mucosal tissue is not only a primary site of 

viral transmission, but also a major site of viral replication, CD4+ 

T-cell destruction, regardless of the route of transmission.1 

HIV enteropathy

GIT enteropathy in persons living with HIV (PLWH) can occur from 

the acute phase of infection, through to advanced disease. It is 

characterised by diarrhoea, increased GIT inflammation, increased 

intestinal permeability (up to fivefold higher than in healthy individuals), 

malabsorption of bile acids, and vitamin B
12. Histologically, the GIT 

enteropathy in HIV involves inflammatory infiltrates of lymphocytes 

and damage to the GIT epithelial layer (which includes villous atrophy, 

crypt hyperplasia and villous blunting). These pathological changes 

may occur in the absence of any detectable bacterial, viral or fungal 

enteropathogens, which are often associated with enteropathy.2  

HIV enteropathy was reported as early as 1984. 3

Although the mechanism(s) that cause the abnormalities in HIV 

enteropathy, are poorly understood, it has been suggested that 

HIV has a direct “virotoxic” effect on the enterocyte. It has been 

observed that the HIV accessory protein Tat has an inhibitory effect 

on glucose uptake in the enterocyte. HIV gp120 has been found 

to result in increased concentrations of calcium in the enterocyte, 

which is associated with tubulin depolymerisation, and a decrease 

in epithelial cells’ ability to maintain ionic balances. It has also been 

postulated that HIV may result in abnormal differentiation of the 

enterocyte, as it has been found to be in the proximity of abnormally 

enlarged enterocytes.2 

Local activation of the GIT immune system is also thought to 

play a role in HIV enteropathy. In HIV there are high levels of 

proinflammatory mediators such as beta chemokines interleukin-6 

(IL-6), interleukin-10 (IL10) and interferon (IFN-γ) found in the 

lamina propria of the colon in PLWH. The degree of inflammation has 

been found to correlate with the level of viral replication. Although 

systemic immune activation is a hallmark of HIV, the aetiology of the 

latter remains elusive. It has also been postulated that local bacterial 

translocation across the damaged tight epithelial barrier, results 

in microbial products that stimulate the immune system locally, 

presumably through receptors such as Toll-like receptors. A crucial 

consequence of induction of local inflammation through any means, 

is through HIV’s preferential infection of activated CD4+ T-cells, which 

in turn augments the HIV replication.2

Abstract
Gastrointestinal dysfunction has been recognised as a major manifestation of the human immunodeficiency virus (HIV) infection usually 

presenting as diarrhoea which may or may not be due to the presence of an opportunistic infection of the GIT. Contrary to earlier assumptions, 

there is now substantial evidence to demonstrate that there are significant changes in the gut in the acute phase of HIV infection; the most 

significant of these being the substantial loss of the CD4+ T-cells in the GIT. Delays in the initiation of HAART (that is, once the CD4+ T-cell 

count drops below 200 cells/uL), is associated with a greater severity of HIV-associated GIT enteropathy, and poor clinical outcome.
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CD4+ T-cell destruction

Originally it was thought that HIV involved a period of latency, 

however, it is now well established that the HIV virus attaches to the 

CD4+ molecule on the T-cells and the monocyte and macrophage 

lineage cells, and on a chemokine receptor, during acute infection. 

The direct infection of CD4+ T-cells leads to the destruction of these 

cells and global immune deficiency, as these cells are required for 

induction and control of most immune responses. The infection of the 

monocyte and macrophage lineage cells appears to be particularly 

important in chronic HIV infection and are possibly major reservoirs 

for viral replication and persistence, and hence contributing to 

immune deficiency. 1 

More recently, it has been observed that the CD4+ T-cells which 

bear the CCR5 HIV co-receptor are the primary targets of HIV. The 

CD4+ T-cells with CCR5 receptors constitute the majority of the 

CD4+ T-cells. It is estimated that nearly eighty percent of the T-cell 

population is found in the GIT.3 

Depletion of the CD4+ T-cells involves the entire GIT.2 The largest 

number of mucosal memory CD4+ T-cells are found in the GIT, and 

significant depletion of these cells occurs in the first 17 days post 

HIV infection. In a recently postulated model (based on GIT biopsies), 

it is thought that the bulk of CD4+ T-cell depletion occurs in the first 

two to three weeks of acute infection.3

PLWH with a CD 4 count of less than 200 cells/uL, have been found to 

have a twofold increase in diarrhoea. The latter affirms the view that 

diarrhoea is an AIDS defining condition. A decrease in CD4+ T-cells 

(less than 200 cells/ uL) has been observed to be associated with 

intestinal parasitic infections, such as Cryptosporidium, I. belliand 
and S. Stercoralis), and with a higher incidence of diarrhoea.4

Th17 cell loss and impairment of mucosal integrity

HIV mediated loss of Th17 cells from the gut-associated lymphoid 

tissue (GALT) has been observed to impair mucosal integrity, and innate 

defence mechanisms against gut microbes. Th17 cells are important 

for intestinal homeostasis. Th17 cells are involved in epithelial 

regeneration, and stimulate the production of defensins and mucin, 

as well as induce the expression of claudins, which are components 

of epithelial tight junctions. The Th17 cytokine, interleukin-22 (IL-22) 

increases the production of the lipopolysaccharide binding protein 

(LBP) in the liver. Considering, the massive CD4+ T-cell depletion in 

the lamina propria after HIV infection, it is probable that Th17 cells 

are also depleted by HIV. Since Th17 cells have multiple roles in 

controlling epithelial integrity and microbial invasion, the depletion 

of Th17 is likely to affect the integrity of the GIT.5 To date, Salmonella 

has been directly shown to translocate across the GIT barrier, when 

Th17 cell function is compromised in the GALT, in PLWH.5

Impact of HIV infection on lactose absorptive capacity

It has been reported that lactose malabsorption is significantly higher 

(70%) in PLWH, than HIV-uninfected controls (34%). Furthermore, 

the degree of lactose malabsorption was found to be significantly 

greater in PLWH with advanced disease, versus those in the earlier 

stages of disease. The degree of lactose malabsorption was also 

related to whether PLWH were symptomatic and had intestinal 

manifestations, than asymptomatic PLWH and non-HIV infected 

controls. It is presumed that apart from the presence of the HIV, 

other factors (probably both structural and immune) determine 

the enterokinetic alterations responsible for lactase deficiency and 

lactose malabsorption.7

Clinical presentation of enteropathy

A high percentage of PLWH worldwide have been reported to 

initially present with, or develop, diarrhoea, irrespective of whether 

they are on HAART or not. In the United States, 50% of PLWH 

have presented with diarrhoea. However, in developing countries 

a prevalence of as many as 80% of PLWH have presented with 

diarrhoea. The presentation of diarrhoea may or may not be in the 

presence of an opportunistic infection of the GIT. The opportunistic 

infections that affect the GIT in PLWH include parasitic infections (for 

example: Cryptosporidia, Isopora and Cyclospora), viral [in particular 

Cytomegalovirus (CMV)], and bacterial [for example: Mycobacterium 

tuberculosis (TB), Salmonella, Shigella, Campylobacter jejuni and 

Mycobacterium avium complex (MAC)]. Prompt treatment of CMV is 

very important, as it is associated with a poor prognosis in PLWH 

and a high rate of recurrence. A person with GIT MAC usually has 

disseminated disease, a very low CD4+ T-cell count, and limited 

survival time. Since the introduction of HAART, the incidence and 

prevalence of MAC has decreased. TB of the GIT may affect immune-

compromised and immune-competent individuals. It is estimated that 

GIT TB accounts for 1 to 3% of TB cases worldwide. It is commonly 

found in the region of the ileocaecal valve, but can occur at any 

region throughout the GIT.6

 Clinical presentation of HIV-associated diarrhoea varies among PLWH 

depending on the principal section of the GIT that is involved. Small 

bowel diarrhoea tends to result in large bulky postprandial stools 

almost immediately after eating, and the individual may experience 

postprandial paraumbilical abdominal pain. However, if the affected 

individual fasts, the diarrhoea significantly decreases. Individuals 

with small bowel diarrhoea usually experience weight loss. Whilst 

individuals with large intestine diarrhoea (termed “colitic diarrhoea”) 

usually present with frequent, small-volume stools, and the stools 

may have visible blood and mucus. These individuals will usually 

experience lower-quadrant abdominal pain, and the sensation of 

rectal urgency. However, in many instances, it may be difficult to 

differentiate between small- and large bowel diarrhoea.6

Opportunistic infections are not limited to the small- and large bowel, 

and may occur in the upper GIT, including oesophageal pathology 

(for example: candida oesphagitis, CMV, and herpes simplex virus), 

and gastric and duodenal pathology (for example: CMV, Helicobacter 

pylori and cryptosporidium). These infections may lead to dysphagia 
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and hence poor nutritional intake but also recurrent dehydrating 

vomiting.8

Most of the GIT opportunistic infections described will result in further 

aggravation of HIV-associated enteropathy, due to structural damage 

and/or immune sensitisation; hence making it difficult to differentiate 

whether the severity of GIT related symptoms is due to HIV disease 

progression or the severity of other opportunistic infections. 

In a recently published study, Densupsoontorn et al (2009)9 reported 

that HIV-infected children with a higher severity of malnutrition and 

more advanced stages of HIV clinical symptoms, had accelerated 

whole gastrointestinal transit time. The authors recommended early 

nutritional intervention for children with severe malnutrition and 

advanced HIV disease with specialised lactose-free feeds of low 

osmolality to aid in delaying gastric GIT transit time and to allow for 

greater nutrient absorption. 

The role of gut in HIV disease progression

Immune activation in chronic HIV infection includes polyclonal B 

cell activation, increased turnover of T-cells, a high frequency of 

“activated” phenotype T-cells as well as increased levels of cytokines 

and other proinflammatory mediators. This activation results in the 

restoration of CD4+ T-cells and immunocompetence but the negative 

effects include lymph node fibrosis, thymic dysfunction, clonal 

exhaustion, drainage of memory T-cell pools and generation of more 

targets for HIV replication.3 

It has been speculated that due to the massive depletion of memory 

T-cells in the gut, as well as structural defects of the GIT lining, 

microbial translocation from the gut is probably involved in driving 

immune activation. It is thought that the gut-derived microbes or 

microbial products translocate to the systemic circulation in the 

absence of overt bacteremia.3 

Quantification of microbial translocation

Microbial translocation can be quantified by measuring plasma 

levels of lipopolysaccharide (LPS), the endoxin produced by 

bacteria that have translocated across the GIT lining. PLWH with 

acute HIV infection were found to have LPS levels similar to those 

of non-HIV infected individuals. However, in PLWH with chronic 

HIV infection, the LPS levels were significantly higher. In an earlier 

study, non-infected HIV individuals were injected with LPS produced 

systemic immune activation with increased levels of inflammatory 

cytokines [for example, tumour necrosis factor, interleukin (IL)-1 

receptor antagonist, IL6 and IL8] with plasma LPS levels as low as  

14 pg/ml. In studies on PLWH with chronic infection, the LPS levels 

were found to be 75 pg/ml; hence sufficient to stimulate systemic 

immune activation.3

It is well known that immune activation can be attenuated with potent 

antiviral therapy (ART), although the decline is much slower than HIV 

RNA levels and may remain elevated for a year after ART. It has been 

observed that statistically significant decreases in LPS levels only 

occur in PLWH after 48 weeks on ART. It is thus appears that ART is 

currently the most effective way to protect the gut, and help reduce 

bacterial translocation, and hence reduce chronic systemic immune 

activation.3 

Further evidence of the link between bacterial translocation and HIV 

pathogenesis was recently reported, in which PLWH who had HIV-

associated dementia were found to have higher plasma LPS levels 

when compared with PLWH without neurocognitive impairment. It 

has been proposed that LPS-mediated monocyte activation and 

trafficking to the brain may well be the underlying mechanisms of 

the association between LPS plasma levels (bacterial translocation) 

and HIV-associated dementia. 5 Recently published research findings 

also suggest that microbial translocation may be a fundamental 

mechanism by which the progression of hepatitis C-related liver 

disease may be accelerated to cirrhosis in PLWH.10

HAART and the gastrointestinal tract

Currently, ART has, in most cases, been found to reduce plasma 

viral loads to undetectable levels resulting in subsequent increases 

in peripheral blood CD4+ T-cells. Early studies of HIV-associated 

enteropathy after the initiation of ART documented significant 

decreases in GIT symptoms, namely, abdominal bloating, cramping 

and loose stools. However, a decrease in viral replication and CD4+ 

T-cell reconstitution does not occur at a similar rate at all anatomic 

sites, especially in the GIT. Recent studies have shown that in the 

small bowel CD4+ T-cell reconstitution was poor, and in PLWH with 

acute HIV infection who had been on highly active antiviral therapy 

(HAART) had a much greater reconstitution (twofold) of CD4+ 

T-cells when compared with individuals with chronic HIV infection 

(the latter individuals rarely ever reconstituted GIT CD4+ T-cells to 

normal levels). Importantly, it was also observed that although many 

PLWH treated with HAART reconstituted peripheral CD4+ T-cells, no 

HIV-infected individual ever reconstituted GIT CD4+ T-cells to levels 

observed in non-infected individuals.2 

GIT CD4+ T-cells have been observed to still produce HIV virus, 

even years after the initiation of HAART. Although the GIT is well 

vascularised and ART drugs should be bioavailable, high levels of 

multidrug-resistant proteins, also named “toxin pumps” (such as 

P-glycoprotein), are expressed on the apical surface of columnar 

epithelial cells of both the small and large intestine. It is speculated 

that these multidrug-resistant proteins, have specificity for protease 

inhibitors and nucleoside analogs and may reduce the local 

concentration of ART drugs to infected cells in the GIT, thus allowing 

the virus to slowly replicate and limit reconstitution of CD4+ T-cells.2 

Ongoing local inflammation in the GIT maybe a second reason 

for the failure of PLWH on HAART to reconstitute CD4+ T-cells. 

Local immune activation has been shown to be associated with 

fibrosis of the lymphoid architecture in peripheral lymph nodes, 

which in turn influences the degree of peripheral blood CD4+ T-cell 
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reconstitution following the initiation of HAART. Recent findings also 
suggest that the fibrotic deposition of collagen also occurs in the 
GIT Peyer’s patches, even during the acute phase of HIV infection. 
The degree of architectural damage of the Peyer’s patches predicts 
GIT CD4+ T-cell depletion after HAART. Although HAART reduces GIT 
immune activation, it is thought that the ability of the remaining (but 
damaged) lymphoid to support significant CD4+ T-cell reconstitution 
is permanently damaged.2 As many as 30% of PLWH on HAART, fail 
to reconstitute CD4+ T-cells, despite HIV-viremia control, and are 
described as immunologically-nonresponders (INRs). INRs have an 
increased risk of HIV/ AIDS progression.11

Plasma citrulline: A biomarker of enterocyte mass in 
PLWH?

Plasma or serum citrulline assays have recently emerged as being 
the best tool in assessing enterocyte mass, irrespective of the 
aetiology of the intestinal mucosal disease. Citrulline is the metabolic 
product of glutamine, and its related amino acids, and arginine, and 
is specifically synthesised by small bowel enterocytes. Citrulline 
has been validated for quantitative enterocyte assessment in villous 
atrophy disease. Citrulline plasma levels are not influenced by 
nutritional status, level of hypoalbuminaemia, or inflammatory status. 
The only limitation in interpreting plasma levels is the presence of 
significant renal failure (creatinine clearance of < 30 ml/min) because 
citrulline is metabolised into arginine in the proximal convoluted 
tubules in the kidneys. A recent study12 reported that plasma 
citrulline assays were a reliable indicator of severe chronic infectious 
enteropathy in PLWH, and hence a reliable predictor of the need  
for parenteral nutrition (PN) for such cases. A low citrulline level of  
< 10 umol/L is considered an indication for PN, whereas for an 
individual with a citrulline level of > 10 umol/L, enteral route nutritional 
support is recommended. Citrulline is easy to measure through ion-
exchange or reverse-phase liquid chromatography, which could be 
performed in better equipped hospital laboratories.12   

The role of HIV vaccines in enhancing GIT mucosal 
cell immunity

There is some promising evidence which suggests that direct 
surgical introduction of a vaccine, (replication-competent 
recombinant adenovirus {rAd} vectors, specifically rAd5), rather  
than oral gavage, resulted in 100-fold higher transgene expression, 
and which stimulated potent CD8+ T-cell responses in the intestinal 
and systemic compartments. These responses could be further 
enhanced through intramuscular rAd5 injections.13 The activation 
status of CD8+ T-cells is considered to be one of the best predictors 
of HIV disease progression. 5

Conclusion

In conclusion, the better understanding of the pathophysiology 
of HIV enteropathy has contributed to the better management 
of diarrhoea in PLWH. Further research is likely to yield other 
therapeutic approaches which will further facilitate the management 
of diarrhoea and contribute to further improvements in the quality of 

life of PLWH.  
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The ethical approach to evidence-based medicine

Evidence-based medicine has had a major impact on health care 

in the last 30 years. This approach has lead to the critical appraisal 

of therapeutic knowledge. Archie Cochrane, an epidemiologist, 

gave a series of lectures in 1972 regarding his reflections on the 

effectiveness and efficiency of health services.1 He introduced the 

scientific and practical evaluation of treatment modalities and drew 

attention to the possible harm and even iatrogenic injury, as well as 

waste, that can occur if systematic review of interventions is not 

done. 

The concept of evidence-based medicine is defined as “the process 

of systematically finding, appraising, and using contemporaneous 

research findings as the basis for clinical decisions”.2 The practice 

of evidence-based medicine implies the use of individual clinical 

expertise, in combination with a systematic review of the best 

available clinical evidence, which is derived from the relevant 

research.2 The aim is to use the most efficacious interventions in 

the pursuit of quality and quantity of life. This approach is especially 

useful in medical education to teach best clinical practice. 

Evidence-based medicine relies on a hierarchy of evidence, which 

is ranked from absolute proven interventions to the least reliable 

knowledge.3 The process of examining evidence involves multiple 

steps, where the first involves using the available information to 

formulate answerable questions.4 The next step is to search for 

the evidence that can best answer these questions. The third step 

involves the evaluation of the evidence for its importance and validity. 

The clinician thereafter has to integrate these findings with her/his 

clinical expertise and apply it in clinical practice in combination with 

patient values. Continuous evaluation of clinical practice is the last 

ongoing step. There are at present several evidence-based resources 

to assist health care professionals, which provide peer reviewed 

critical appraisal of the best evidence for intervention or treatment, 

of which the Cochrane database is probably the best known. 

The practice of evidence-based medicine usually assists in 

answering two questions, namely what is in the best interest of the 

patient and how should we allocate of health care resources fairly.5 

Evidence-based medicine enables the health care practitioner to 

strive for a clinical ideal, which addresses our ethical responsibility 

towards the best interest of our patient. For this purpose health care 

professionals should pursue health.5 This should be done through 

the pursuit of the most effective ways of achieving health, which is a 

generally acceptable value shared by most people. As professionals 

it is through the pursuit of truth, that we will find most effective 

means to health.5 The premise is in general valid, and most health 

care professionals and researchers will be in agreement with this 

premise. A second premise is that if we pursue evidence-based 

medicine, we shall increase the likelihood of finding truth, which 

shall ensure the provision of the effective means to achieve health.5 

This is not necessarily valid, since the assumptions are that there is 

no bias and that inferences made are not influenced by subjective 

interpretation.

This necessitates an investigation into the potential limitations of 

evidence-based medicine. The first is that there may be the potential 

for bias.5 Funding of health care research is conducted where there 

is commercial value involved for the intervention tested and can in 

this way create bias towards research that will generate good return 

on investment. Furthermore, there can be a technical bias, since we 

may conduct only research where we know how to do it, leaving 

other fields of health care with inadequate or no research. Another 

potential bias is a publication bias, since only positive results are 

published, leaving huge gaps in knowledge regarding interventions 

that did not whave a positive effect on health or, indeed, did harm.

Evidence-based medicine is, furthermore, better suited to secondary 

and tertiary health care, since it deals with a single disease with 

well-defined symptoms and clinical signs. However, in primary 

health care it is not always that easy, since the symptoms are 

Abstract
This paper will explore the role of evidence-based medicine in ethical practice of health care professionals. It will also address some of its 

limitations and potential for negative impact on health care. 
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often non-specific, are still evolving and may be related to complex 

psychosocial problems.6 Evidence-based medicine is also not very 

helpful in, especially, rare diseases. At the same time, evidence may 

also be supported poorly by relevant research, since studies may 

contradict each other or may be inconclusive. The application of the 

evidence may also be problematic due to the individual patient with 

confounding health care problems or due to patient value systems. 

The gold standard for evidence-based clinical information is the 

randomised controlled trial (RCT), which is a valuable approach 

to limit the use of worthless treatments and promote effective 

treatments.6,7 Unfortunately RCT is limited to only a section of health 

care management, where interventions are involved in a single entity 

under investigation, leaving other health care sections not being 

examined.6,7 Furthermore, there should be genuine “therapeutic 

equipoise” which implies that the there is a valid doubt about the 

value of the treatment modalities under investigation, which can 

only be answered by the RCT. Again this is difficult to achieve when 

there is great benefit to be obtained if an intervention will have 

great commercial value. Another important factor is that RCT only 

produces the average effect, while some patients may experience 

harm crudely applied. RCT can therefore generate valuable evidence 

for efficacy in the context of a single disease with measurement 

between interventions, but there is a paucity of RCT in primary 

care and other fields of health care.6 This is especially true also for 

rare disease where it is not possible to conduct RCT or where other 

ethical issues are involved, such as lack of informed consent as 

illustrated by GSSI-2 trial, which is widely quoted as evidence due 

to its outcome.8,9 

As already referred to above, the information generated by the RCT 

does not take into account non-quantifiable factors and does not 

provide a framework to integrate such knowledge, such as differences 

in social and cultural backgrounds that may impact on health.6,7 

RCT also relies on the classical theories of statistical inference, 

requiring large sets of data.7 An important argument regarding the 

use of statistical inference is whether this truly provides measures of 

objective probability versus rational subjective interpretation. 

Another limitation of evidence-based medicine relying on RCT is that 

new skills and interventions, which should be developed to ensure 

that there is continuous health care improvement, may be difficult 

to initiate. These very necessary novel interventions will initially not 

be supported by evidence and a good example is pain management 

in neonatology. Pain management per se is difficult to assess, and 

even more so in newborn babies. At the same time the majority of 

therapies are being used off label for these infants, and therefore 

there is no evidence to be derived from the appropriate RCT. This 

leads to the situation that there is little active research into this field, 

which is potentially harmful to neonates. We can conclude that there 

are competing claims that cannot all be resolved by evidence-based 

medicine, i.e. relying on RCT for the evidence. 

Another important negative impact of evidence-based medicine is 

that it may create a barrier to quality health care in the context of 

high demand versus scarce resources. The different stakeholders 

may interpret the evidence differently and their conclusions will not 

be congruent with each other.10 Problematic values in this context 

are justice and quality of life, which are often replaced by more easily 

measured values such as cost and mortality respectively. Resource 

allocation on the basis of evidence-based medicine involves value 

judgements and often a lack of evidence means a lack of value.10 

Government and service providers may use evidence-based medicine 

to the disadvantage of patients when they agree to only fund what 

has been proven by evidence-based medicine, which usually implies 

RCT. This again implies that only conditions that are well researched 

will get access to resources, while other areas where there is little 

or no evidence, will receive no resource allocation.10 If evidence-

based medicine is used for “evidence-based purchasing”, it will 

create a tension between the best interest of the individual versus 

the population .10 

A further problem with evidence-based medicine is that it is doctor-

driven and patients have little influence on the subject matter. Another 

concern is that it only focuses on the evidence for efficacy and not 

on the way the information was obtained. Again the GISSI-2 trial 

is often quoted for proof of efficacy, while the study did not obtain 

informed consent from participants and therefore was conducted not 

respecting patient autonomy.8 

In conclusion evidence-based medicine is probably a simplistic 

solution to inherent complex problems. However, even if there are 

limitations, it is a shared value in the sense that we all want to be 

treated with the best proven intervention and therefore we do expect 

health care professionals to practice their profession by combining 

their individual clinical skill with evidence-based medicine. 
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Agreement between NRS-2002 and  
MUST nutrition risk scores – a retrospective study

Introduction 

The nutritional status of hospitalised patients has been a growing 

concern during the past four decades. Worldwide studies indicate 

that 30% to 60% of hospitalised patients are malnourished.1 The 

complications of undernutrition, which include prolonged healing, 

increased length of hospital stay and increased hospital cost are 

well known. Early identification of undernutrition and/or risk to 

develop undernutrition while in hospital has been recommended.2 

Various nutrition risk screening tools have been developed and 

are frequently used in the nutritional management of hospitalised 

patients. Based on sensitivity and specificity, the following four 

screening tools seemed to be valid and therefore recommended for 

nutrition risk screening: the Nutrition Risk Screening tool (NRS-2002), 

the quick and easy Malnutrition Universal Screening Tool (MUST), the 

Malnutrition Screening Tool (MST) as well as the Short Nutritional 

Assessment Questionnaire (SNAQ).3

Since 2003, the Nutrition Risk Screening tool (NRS-2002), developed 

by European Society for Clinical Nutrition and Metabolism (ESPEN)2 

has been used to determine the nutritional risk of patients admitted 

to Pelonomi, Universitas and National Hospitals in Bloemfontein. Forty 

to 60% of these patients had a high nutritional risk and would likely 

benefit from nutritional support.4 However, the need for a more easy 

to apply screening tool was identified. The MUST was considered 

quick and easy and the screening criteria were available on the NRS 

screening form.

In view of the paucity of comparative data in the country on the use of 

such screening tools, we compared, in this study, the results obtained 

from MUST and NRS-2002 screening tools in the 2005–2008 period 

with the aim of establishing which of the two tools would be the most 

appropriate to use in the Bloemfontein academic hospitals. 

Methods

The study was based on the screening results of a sample of adult 

patients (N = 3938) aged 18 years and older, who were admitted 

during February to October 2005–2008 to the medical and surgical 

wards in Pelonomi and Universitas Hospitals and the cancer wards of 

the National Hospital. Ethics approval was obtained from the Ethics 

Committee of the Faculty of Health Sciences, University of the Free 

State (ETOVS number 30/01). 

Final year dietetic students were trained to complete the adapted 

NRS-20022 questionnaire and to take the anthropometric 

measurements. For standardisation purposes, pilot studies, using 

the final year students of the respective years over which the 

study was conducted, were implemented in January of each year. 

Anthropometric techniques, as described by Lee and Nieman5 were 

used to determine current weight, height, knee-height and mid-

upper arm circumference. In patients from whom standing height 

and weight could not be obtained, equations for estimating stature 

from knee-height and equations to estimate body weight from 

knee-height and mid-arm circumference5 were used. Reported pre-

illness weight was also noted. All new admissions were screened on 

weekdays only. 

Statistical analysis

A non parametric Bland-Altman analysis was used to assess the 

level of agreement between the two methods,6 where the 2.5th 

percentage and 97.5th percentage were calculated as the limits. 

The risk categories for BMI, weight loss and appetite loss used for 

MUST2 were applied on the screening results of 2005–2008 and the 

final score was calculated and described by means of sensitivity and 

specificity, for which 95% confidence intervals for the percentage 

were calculated.

Results

The limits of agreement between the scores obtained by the NRS-

2002 and the MUST ranged from -1 to 5 (Figure 1a). The two methods 

did not consistently provide similar scores because there was a level 

of disagreement that included clinically important discrepancies of 

up to a score of 6. 

How small the limits of agreement should be to conclude that the 

methods agree is a clinical, not a statistical decision. Thus to find 

a stricter cut-off range, the limits of agreement were narrowed and 

determined by a clinical decision of + 1, which showed an even 

larger level of disagreement (Figure 1b). 

The diagnostic accuracy of the two methods was calculated from 

a 2x2 Table. The outcome of the risk obtained from the MUST was 

measured against the risk outcome obtained from the NRS-2002. 

The positive predicted value of the MUST as measured against the 
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NRS-2002 was 89.5%, while the negative predictive value was 

61.2%. The sensitivity was 59.1% with 95% CI [57.1% ; 61.1%] and 

the specificity was 90.3% with 95% CI [88.9% ; 91.7%].  

Discussion

The diagnostic accuracy of any screening tool is important as it 

determines whether a patient will be accurately diagnosed as 

nutritionally at risk and would need nutrition support. The positive 

predictive value of the MUST was high (89.5%) while the negative 

predictive value was low (61.2%). The positive result is very predictive 

because there is 89.5% certainty that a person with a positive result 

based on the test will be identified.

The sensitivity of the MUST was low (59.1%), and the specificity was 

high (90.3%). If the sensitivity and specificity of 70% that was used 

by Neelemaat et al3 to represent validity is used as the criterion, then 

the sensitivity of the MUST compared to the NRS-2002 was too low.

The limits of agreement by the Bland-Altman analysis showed a 

large level of disagreement between the two methods. Narrowing 

the limits of agreement would contribute to a more accurate 

assessment of the patient who would need nutritional support, thus 

a clinical decision of ± 1 was used, which shows how large the level 

of disagreement really is.

Conclusion

Findings obtained by the MUST screening tool were not found to be 

in agreement with those of the NRS-2002. The fact that the MUST 

was derived from the NRS-2002 and was not determined on its 

own probably contributed to the disagreement found between the 

two methods. It is recommended that the NRS-2002 be compared 

prospectively with the MUST and other screening tools.
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Figure 1a: BlandAltman -1 and 5 cut-off values Figure 1b: BlandAltman -1 and 1 cut-off values

Figure 1: Bland-Altman analysis depicting the level of agreement between the Nutrition Risk Score/indication of nutritional risk that needs intervention by a dietitian using the risk 
scores obtained by the two methods. The Bland-Altman analysis involves the plotting of the difference between the measurements of the same parameter obtained with two different 
techniques against the mean of the two techniques. Points showing perfect agreement will lie on the horizontal line drawn through the value 0. The further away the points lie from 
this line, the worse the level of agreement.6 
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Agreement between estimated and measured heights  
and weights in hospitalised patients – a restrospective study 

Introduction

The European Society for Clinical Nutrition and Metabolism (ESPEN) 
estimates that about 30% of all hospital patients are undernourished 
and need special nutritional care. ESPEN advises that all patients be 
screened for nutritional risk on admission. An ideal nutritional risk 
screening tool should be simple and quick to use by nursing staff 
when admitting patients to hospital. Tools recommended by ESPEN 
are the NRS 2002, MUST and MNA – all of which utilise body mass 
index (BMI = kg/m2) and require accurate recording of a patient’s 
height and weight.1 

In reality, however, patients often cannot stand up straight for 
accurate height measurement, or are unable to step on a scale. In 
such cases, height and weight values are often obtained from the 
patient or their relatives, who either do not know, or do not report 
the values accurately, particularly in the South African setting where 
many patients do not own a scale and language barriers complicate 
communication. In many institutions the height and weight recorded 
in the patient’s file on admission, are also values “guessed” by the 
attending nurse.  

Various indirect methods have been developed to estimate height 
and weight. Height may be estimated using knee height (KH), and 
weight using KH and mid upper-arm circumference (MUAC).2 These 
methods have been tested and validated in various population groups 
in studies where reliability was carefully controlled. In the academic 
hospitals in Bloemfontein, South Africa, dietetic interns (final year 
students performing an internship) routinely screen newly admitted 
patients using the NRS2002. Since 2003, certain wards in the three 
academic hospitals have been identified for nutritional screening as 
part of an ongoing research study. Since 2005 the students have 
been recording both measured and estimated heights and weights 
(using the above-mentioned methods), where possible. The study 
reported here aimed to assess the level of agreement between 
the measured and estimated heights and weights of patients as 
recorded by the dietetic students, in order to determine whether 
including these indirect methods in a nutritional risk screening tool 
would deliver reliable results in cases where direct height and weight 
measurements were not possible. 

Methods 

This study was based on the screening records (recorded by dietetic 
interns using the NRS 2000) of patients (≥ 18 years) admitted to the 
medical and surgical wards in Pelonomi and Universitas Hospitals 

and the cancer wards of National Hospital from 2005 to 2008. The 
students were trained on various occasions during their studies 
and again just prior to starting with the screening, in standardised 
techniques to measure KH and MUAC. In 3732 patients height was 
both measured, and estimated using a standardised method based 
on KH. In 3774 patients weight was both measured, and estimated 
using a standardised method based on KH and MUAC. BMI was 
calculated based on measured and estimated heights (N = 3642) 
and weights (N = 3663) respectively. Bland-Altman analysis was 
used to assess the levels of agreement between the estimated and 
measured values.3 

Results

The Bland-Altman plots indicated that the 95% limits of agreement 
between measured and estimated heights ranged from -8 cm to  
+33 cm, with a median of 5 cm (Figure 1a). The 95% limits of 
agreement between the measured and estimated weights ranged 
from -16 kg to 44 kg, with a median of 5 kg (Figure 1b). 

The 95% level of agreement between BMI based on measured 
height and BMI based on estimated height ranged from - 
14.6 kg/m2 to +2.5 kg/m2, with a median of -1.5 kg/m2 (Figure 
1c). The 95% level of agreement between BMI based on measured 
weight and BMI based on estimated weight ranged from  
-5.8 kg/m2 to +17.1 kg/m2, with a median of 1.8 kg/m2 (Figure 1d). 
Thus the methods do not consistently provide similar results.

Discussion

Most nutritional screening tools rely on BMI and require accurate 
weight and height measurements. In the hospital setting these 
measurements are sometimes difficult to perform and often need to 
be estimated. Standardised estimation equations are available and in 
this study height was estimated using KH, and weight was estimated 
using KH and MUAC, during nutritional risk screening performed by 
dietetic interns. The results show wide disagreement between the 
actual measured heights and weights and those estimated using the 
standardised estimation techniques. Using these estimations in BMI 
calculations predictably led to a high level of disagreement with BMI-
values obtained from actual measured heights and weights. These 
estimation methods therefore, although validated in studies where 
reliability was carefully controlled, when applied in routine practice, 
delivered clinically important discrepancies.
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Conclusions 

A nutrition screening tool must be simple and quick to perform, but 

the accuracy of the assessment results will determine whether the 

patient will be referred for appropriate nutritional intervention or not. 

The results of this study emphasise that techniques making use of 

KH and MUAC to estimate height and weight may be too complicated 

to be routinely applied with acceptable reliability by students. For 

busy nursing staff it may only be worse. Sufficient training of staff in 

these techniques would be very important. Furthermore, staff would 

need frequent reminder of the correct way to perform the technique 

– for example visual aids such as posters, videos or video clips that 

can be run on a computer in the ward could be made available to 

staff. Alternatively other indirect measures such as ulnar length 

or demispan4 may be used for height estimations. Whether these 

would give more reliable results in the routine setting, remains to 

be determined. 
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Figure 1: Bland-Altman plots depicting the levels of agreement between (a) measured height and height estimated with Knee Height (KH), (b) measured weight and weight estimated 

with KH and Mid Upper-Arm Circumference (MUAC), (c) Body Mass Index (BMI) calculated using measured height and BMI calculated using estimated height, and (d) BMI calculated 

using measured weight and BMI calculated using estimated weight. Bland-Altman analysis involves the plotting of the difference between measurements of the same parameter 

obtained with two different techniques against the mean of these measurements. Points showing perfect agreement will lie on the horizontal line drawn through the value 0. The further 

away the points fall from this line, the worse the level of agreement.3 
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The relationship between serum protein and mortality  
in adults on long-term haemodialysis. A meta-analysis

The aim of this systematic review was to explore the relationship 
between serum protein and all-cause and cardiovascular mortality 
in adult patients on maintenance haemodialysis. We searched the 
Medline, Science Citation Index, Academic Search Premier, Cochrane 
Library and Embase electronic data bases. Data extraction and 
quality assessment were done independently by two reviewers and 
results were pooled using the random effects model. Cochran’s Q 
was used to identify heterogeneity and a funnel plot was used for 
assessment of publication bias. A meta-analysis was performed 
on 38 studies reporting on serum proteins, inflammatory markers 
and mortality. A significant inverse relationship was found between 
serum albumin and all-cause [HR 0.7038 (CI 0.6367 to 0.7781)] 
and cardiovascular mortality [HR 0.8726 (CI 0.7909 to 0.9628)], 
with a significantly stronger relationship with all-cause mortality  

(p = 0.0014). Pooled results for C-reactive protein showed a weak 
but significant direct relationship with all-cause mortality (HR 1.0322; 
95%CI 1.0151 to 1.0496) but not with cardiovascular mortality (HR 
1.0172; 95%CI 0.9726 to 1.0639). A high degree of heterogeneity 
was identified between studies and an asymmetrical funnel plot for 
serum albumin is suggestive of publication bias. From the meta-
analysis, it is concluded that serum albumin showed a significant 
inverse relationship with both all-cause and cardiovascular mortality, 
with C-reactive protein showing a significant direct relationship 
with all-cause mortality but not with cardiovascular mortality. The 
potential adverse effects of malnutrition and infections in relation to 
mortality highlight the need for continued treatment of infections and 
correction of malnutrition in dialysis patients.

Herselman M, PhD   Esau N, BSc Dietetics   Kruger J-M, MNutr 
Labadarios D, MB ChB, PhD, FACN   Moosa MR, MD

Division of Human Nutrition, Stellenbosch University and Tygerberg Academic Hospital

Relationship between nutritional status and mortality  
in adults on maintenance haemodialysis. A meta-analysis 

The aim of this systematic review was to determine the strength 
and direction of the association between body mass index (BMI), 
subjective global assessment (SGA) and mortality in adult patients 
on maintenance haemodialysis. Electronic data sources included 
Medline, Science Citation Index, Academic Search Premier, the 
Cochrane Library and Embase for the period 1963–2008. Data 
extraction and quality assessment were done by two independent 
reviewers. During meta-analysis of 12 studies reporting on BMI and 
four studies reporting on SGA results were pooled using the random 
effects model. Cochran’s Q was used to identify heterogeneity. Higher 

levels of BMI were associated with a weak but significant reduction 

in overall mortality (log HR -0.0413, CI -0.0588 to -0.0237) with no 

significant difference between all-cause and cardiovascular mortality 

(p = 0.4197). The relationship between mortality and SGA was also 

not significant (log HR 0.0643, CI -0.1713 to 0.2999). A high degree 

of heterogeneity was found for both BMI and SGA. In conclusion, BMI 

showed a weak but significant inverse relationship with all-cause 

and cardiovascular mortality but the meta-analysis failed to confirm 

a significant relationship between SGA and mortality.
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Nutritional management of common opportunistic infections 
(HIV-context)

The HIV virus attacks the immune system. In the early stages of the 
infection a person shows no visible signs of illness but later many 
of the signs of AIDS will become apparent, including weight loss, 
fever, diarrhoea and opportunistic infections (such as sore throat and 
tuberculosis).

Good nutritional status is very important from the time a person is 
infected with HIV. Nutrition education at this early stage gives the 
person the opportunity to adopt healthy eating habits and to take 
action to improve food security in the home, particularly as regards 
the cultivation, storage and cooking of food. 

Good nutrition is also vital to help maintain the health and quality of 
life of the person suffering from AIDS. Infection with HIV adversely 
impacts on the immune system, which leads to other infections with 
attendant lower food intake because of reduced appetite and/or 

impaired nutrient absorption leading to weight loss and malnutrition 
One of the possible signs of the onset of clinical AIDS is a weight 
loss of about 6–7 kg for an average adult. When a person is already 
underweight, a further weight loss can have serious adverse effects 
on the health and nutritional status of the individual. A healthy and 
balanced diet, early treatment of infection and proper nutritional 
recovery after infection can improve quality of life. Additionally, the 
treatment of opportunistic infections in combination with the therapy 
for HIV may influence eating patterns and nutritional status. 

When nutrient needs are not met, recovery from an illness is known 
to be prolonged. During this period the family will have the burden 
of caring for the sick person, paying for health care and absorbing 
the loss of earnings while the ill person is unable to work. These and 
other benefits derived from maintaining a good nutritional status in 
such individuals is therefore of paramount importance. 



 


