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Background. Critical illness is associated with increased oxidative stress that can influence outcome. Many studies have investigated 
the effects of exogenous antioxidant supplementation, without showing significance owing to the small patient populations.
Methodology. A systematic review and meta-analysis of the English literature was performed to determine the effect of antioxidant 
micronutrient supplementation on clinically important outcomes in the critically ill. Pubmed, Google Scholar and Science Direct electronic 
databases were searched for papers published between January 1990 and June 2010.
Selection criteria. Randomised controlled trials were selected for inclusion if they investigated the effects of antioxidant supplementation 
in the critically ill and reported on clinically significant endpoints.
Data collection and analysis. The data were analysed using a random effects model in Comprehensive Meta-analysis Version 2 (Biostat, 
USA) to obtain the odds ratio (OR) with a 95% confidence interval (CI) and statistical significance of p<0.05.
Results. Twelve studies met the inclusion criteria. Selenium supplementation was associated with a trend towards decreased mortality 
(OR=0.717, p=0.106, CI 0.48 - 1.07). Mixed antioxidant supplementation was associated with reduced hospital length of stay (OR= 
0.710, p=0.002, CI 0.57 - 0.83), reduced infectious complications (OR=0.494, p=0.024, CI 0.28 - 0.98) and reduced mechanical ventilation 
(OR=0.259, p=0.023, CI 0.08 - 0.83).
Conclusion. A combination of antioxidant micronutrients might be associated with improved clinical outcome in the critically ill.
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In the healthy, stable state, a balance exists between free radical 
production and the physiological defence mechanisms that protect 
cells from the damaging effects of excess free radical build-up. The 
endogenous antioxidant defence system in humans consists of 
antioxidant enzymes such as superoxide dismutase, catalase and 
glutathione peroxidase and their cofactors; zinc, copper, manganese 
and selenium; and vitamins such as vitamin C, E and β-carotene. 
When the balance between free radicals and antioxidant nutrients is 
maintained, free radicals have beneficial cellular effects, including an 
important role in the inflammatory response to bacterial infection. 
When the balance is disturbed, either by an increased production 
of free radicals or by the ineffective removal of these molecules 
by antioxidants, the result is a state of oxidative stress, which is 
characterised by damage to cell membranes, nucleic material and 
mitochondrial dysfunction.[1]

The above factors are of increased significance in the critically 
ill population, as critical illness is associated with an increase in 
free radical production as well as low endogenous antioxidant 
capacity.[2,3] In critically ill patients, there are reduced stores of 
antioxidants, reduced plasma or intracellular concentrations of 
free electron scavengers or cofactors, and decreased activities of 
enzymatic systems involved in the detoxification of reactive oxygen 
species.[1,4,5] Metnitz et al.[6] observed that circulating antioxidant 
concentrations decrease rapidly at the onset of an insult, trauma 
or surgery, and remain low during the course of illness. Low 
antioxidant capacity is strongly associated with poor survival and 

outcome.[7] Oxidative stress is implicated in cell damage and death, 
and may contribute to the development of organ failure. Moreover, 
free radicals, such as reactive oxygen and nitrogen molecules, 
are implicated in the release of cytokines from immune cells, the 
activation inflammatory cascades, and increase in the expression 
of adhesion molecules, resulting in the augmentation of the 
inflammatory response that may lead to increased morbidity and 
mortality in the critically ill.[1]

Consequently, there is interest in whether restoring levels of 
antioxidant nutrients in ICU patients may blunt the oxidative stress 
and have beneficial effects on clinical outcome. Many small studies 
investigating the effects of antioxidant supplementation on clinically 
important outcomes such as mortality, infection rate, length of 
stay and duration of mechanical ventilation were meta-analysed 
by Heyland et al.[1] The findings were that there was a significant 
reduction in mortality associated with antioxidant supplementation 
and that selenium in particular was associated with this improved 
outcome. The provision of other trace elements, however, had 
no significant effect on other clinical outcomes. Since this meta-
analysis, many other studies investigating the effects of antioxidant 
supplementation on clinical outcomes have been conducted. The 
purpose of the present study was to systematically review and 
statistically aggregate randomised controlled trials of antioxidant 
supplementation in the critically ill to determine their effect on 
mortality, length of hospital and ICU stay, infection and length of 
mechanical ventilation.
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Criteria for study selection
Types of studies
Studies were included if they were randomised controlled clinical 
trials published in English. Studies were considered if they used 
comparative groups to investigate the effects of antioxidant 
supplementation v. a control on clinically important outcomes in 
critically ill patients.

Types of patient
Studies had to include critically ill adult patients.

Types of intervention
Interventions that met inclusion criteria were antioxidant 
supplementation of vitamins and trace elements, particularly 
vitamin A, C, E, beta-carotene, zinc, copper and selenium. The mode 
of administration of the antioxidants could be oral, intramuscular or 
intravenous, of any dose and dosing schedule.

Types of outcome
Studies were included if they investigated clinically important 
outcomes such as mortality, duration of stay in ICU, duration of 
mechanical ventilation, duration of stay in hospital, the number of 
patients who developed infectious complications, safety and costs.

Search methods for identification of 
studies
A systematic review of the literature was undertaken using electronic 
databases (such as Pubmed, Science Direct and Google Scholar) to 
search for relevant papers published between January 1990 and 
June 2010. The primary Medical Subject Heading (MeSH) search 
terms included critically ill, ICU patients and oxidative stress in the 
critically ill, which were combined with terms such as antioxidant 
supplementation, or with the names of individual antioxidants such 
as selenium supplementation. The filter in each electronic database 
was used to select randomised controlled trials only: Additional 
articles were found using manual searching, such as reviewing the 
reference lists of other review articles.

Data collection and analysis
Selection of studies
Full-text articles were used for all the identified studies that met the 
inclusion criteria. The relevant data were extracted and collected 
by one reviewer, and separately extracted by a second reviewer 
(supervisor).

Assessment of bias
Methodological quality of the studies was assessed using a scoring 
system adapted from McClave et al.,[8] Dellinger et al.[9] and Heyland 
et al.[10] Studies for inclusion were limited to large randomised trials 
with clear-cut results; low risk of false positive (alpha) error or false 
negative (beta) error; or small randomised trials with uncertain results: 
moderate to high risk of false positive (alpha) and/or false negative 
(beta) error. The validity, effect size, associated confidence interval, 
homogeneity, safety, feasibility and cost were also considered for 
each intervention.

Treatment effect
The treatment effect was measured using the odds ratio (OR) with a 
95% confidence interval (CI). The p-value was set at 0.05.

Unit of analysis
All included studies randomised participants to a treatment or 
a control group. Treatment groups received varying doses of 
antioxidants in the form of vitamins and minerals, whereas controls 
were given a placebo, vehicle or no additional vitamins.

Dealing with missing data
No missing data were identified in any of the studies.

Assessment of heterogeneity
Heterogeneity was calculated using the chi-square statistic (χ²= 
100% x (Q-df )/Q). This test describes the percentage of variation 
across studies due to heterogeneity, rather than chance and is not 
dependant on the number of studies considered.

Data synthesis
Data were entered into the statistical  analysis  software 
Comprehensive Meta-analysis Version 2 (Biostat, USA) for analysis. 
Data were combined from all studies to estimate the common OR 
with a 95% CI using the random effects model. Differences at the 
level of p<0.05 were considered to be statistically significant. Forest 
plots were plotted to depict the intervention effect.

Subgroup analysis
The separation of the literature guided the analysis into two arms: 
studies supplementing selenium alone, and studies supplementing 
mixed antioxidants. These were discussed and analysed separately.

Reliability, validity and quality 
assessment
Reliability, validity and quality assessment of study data were ensured 
by using the scoring system for assessing the methodological quality 
of the studies as well as by strictly adhering to the inclusion and 
exclusion criteria.

Results
Search results
Fifteen publications were identified using the search criteria. Two 
studies were excluded as they were not published in English,[11,12] 
and one was excluded as it did not meet the inclusion criteria.[13] Of 
the 13 published studies included, one[11] investigated the effects of 
both selenium v. placebo (Intervention 1) and mixed antioxidants 
v. placebo (Intervention 2). These two separate interventions were 
meta-analysed separately, giving a total of 13 interventions from 
12 published papers. Five involved the use of selenium alone as a 
therapeutic intervention, and 7 studies involved supplementation 
with copper, zinc, selenium, manganese, vitamin E, vitamin C and 
N-acetylcysteine in various combinations and doses. Many of the 
studies failed to explain techniques of randomisation and blinding 
in adequate detail (Table 3).

Selected studies
All of the studies identified were randomised controlled trials. 
The studies combined included 1 737 patients, of whom 401 
were supplemented with selenium only, and 1 336 with mixed 
antioxidants. The majority of interventions were delivered 
intravenously, with the exception of alpha-tocopherol which was 
delivered nasogastrically in 3 studies, and N-acetylcysteine which 
was delivered nasogastrically in 1 study. We did not separately 
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analyse for differing routes of supplement 
administrat ion,  especial ly  s ince the 
studies  which included nasogastr ic 
del iver y also del ivered other mixed 
antioxidant supplements concurrently via 
the intravenous route, making a route of 
delivery effect difficult to discern.

The outcomes of the studies are shown in 
Table 1 for selenium-only supplementation. 
Studies involving mixed antioxidants are 
shown in Table 2. The methodological 
qualities of the studies are compared in 
Table 3. For selenium-only supplementation, 
the experimental and control groups were 
comparable at baseline in most of the 
studies, in terms of patient characteristics 
and clinical scores. However, Berger et al.[14] 
reported to have found more brain injuries 
in the experimental group (non-significant) 
and Forceville[15] reported to have found 
significantly more medical patients in 
the experimental group (p<0.01) as well 
as significantly lower haemologbin in the 
control group (p<0.01) at randomisation. 
Only 2 of the studies[16,17] investigated clinical 
outcomes as their primary endpoint.

For mixed antioxidant supplementation, 
the experimental and control groups were 
comparable at baseline in all measured 
parameters in all of the studies, except for 
Berger et al.,[18] where there were significantly 
more severe head injuries in the treatment 
group. Only 2 studies[19,20] investigated the 
specified clinical outcomes as their primary 
endpoint, while in the remaining studies it 
was considered to be a secondary endpoint.

Hospital length of stay was reported on in 
three of the studies involving selenium alone 
as an antioxidant supplementation strategy. 
When aggregated, these results indicated 
that selenium supplementation had no effect 
on hospital length of stay (N=123, OR 0.700, 
95% CI 0.29 - 1.64, p=0.413). Selenium was 
also shown to have no effect on mechanical 
ventilation (N=123, OR 0.762, 95% CI 0.31 - 
1.85, p=0.549). Selenium supplementation 
was, however, associated with a significant 
increase in ICU length of stay (Fig. 1) but a non-
significant decrease in infection complications 
in the placebo groups (Fig. 2). Mortality was 
reported in all 5 of the included studies; 
when the studies were aggregated, selenium 
supplementation alone was associated with 
a non-significant trend towards decreased 
mortality, favouring the antioxidant group 
(Fig. 3).

When the results of the studies of 
combined antioxidants were aggregated, 
there was a significant reduction in hospital 
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Table 3. Methodological quality of studies

Study Blinding Random allocation ITT analysis Level of evidence

Angstwurm 1999[16] Not blinded (a resident 
blinded to the study assessed 
APACHE III score)

Yes
Patients stratified randomly into 2 
groups

Yes II

Berger et al. 2001[14] Yes
Methods not stated

Yes
Patients randomised on a 2:1 
treatment/placebo basis

No III

Forceville 2007[15] Yes
All patients, medical and 
nursing staff, and pharmacists 
were blinded throughout the 
study period

Yes
Patients randomly assigned in a 1:1 
manner to receive either intervention 
or placebo

No II

Angstwurm 2007[17] Yes
Methods not stated

Yes
Methods not stated

No I

Mishra 2007[21] Yes
Methods not stated

Yes
Patients randomly allocated to receive 
either intervention or placebo

Yes I

Berger et al. 1998[22] Yes
Colourless, transparent 
prepared solutions were used 
and identified by numeric 
code

Yes
Methods not stated

Yes II

Porter et al. 1999[23] No Yes
Prospectively randomised by sealed 
manila envelopes

Yes II

Nathens 2003[24] No Yes
Methods not stated

No I

Crimi et al. 2004[25] Yes
Methods not stated

Yes
Patients randomised by using 
computer-generated random numbers. 
Blockwise randomisation in a 1:1 ratio 
was used to obtain balanced sample 
sizes

Yes, both 
ITT and per 
protocol 
analysis 
done

I

Berger et al. 2007[19] Yes
Methods not adequately 
stated

No Yes II

Berger et al. 2008[18] Yes
Patients, clinicians and 
investigators blinded to the 
treatment. Black plastic bags 
covered the solutions and 
coloured tubing was used for 
infusion

Yes
Patients randomly assigned to 
receive intervention or placebo by a 
pharmacist

Yes I

El-Attar 2009[20] Yes
All clinicians and other health 
care providers were totally 
blinded to randomisation 
allocation

Yes
A randomisation schedule was 
provided using random allocation 
software

Yes II

APACHE = acute physiology and chronic health evaluation; ITT = intention to treat.

length of stay (Fig. 4), and a trend towards a decreased ICU length 
of stay (N=1 050, OR 0.702, 95% CI 0.46 - 1.07, p=0.098). Combined 
antioxidant use was associated with no improvement in mortality 
(N=1 180, OR 0.654, 95% CI 0.36 - 1.18, p=0.16). Mixed antioxidants 
were associated with a significant reduction in the occurrence of 
infectious complications (Fig. 5), as well as a significant reduction in 
the duration of mechanical ventilation (Fig. 6).

Discussion
The results of the present meta-analysis indicate that the 
supplementation of mixed antioxidants is associated with a 
significant decrease in the duration of mechanical ventilation, 
infectious complications and length of hospital stay.

Many antioxidants have a dual role in both antioxidant functioning 
and the immune system. For example, zinc has a well-documented 
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role in both the innate and adaptive immune 
system, and selenium may have a role in 
limiting the extent of the inflammatory 
response by decreasing the expression of 
pro-inflammatory genes.[13] This ability 
of vitamins and trace elements to act as 
antioxidants, immune regulators and anti-
inflammatory mediators could be of benefit 
to critically ill patients, resulting in improved 
patient outcomes such as decreased infection 
rates and decreased length of stay as the 
results of this study have indicated, and have 
been shown in similar current analyses.[26]

The duration of mechanical ventilation was 
chosen as a clinically important outcome in 
this review as muscle atrophy and difficulty 
weaning from the ventilator is strongly 
associated with damage caused by oxidative 
stress. This is clinically significant in the ICU 
patient, as ventilator-induced diaphragmatic 
weakness contributes to difficulty weaning 
from mechanical ventilation[27,28] and may 
lead to complications such as ventilator-
associated pneumonia, impaired swallowing 
and tracheal injury.[29] Results from this and 
another[26] recent meta-analysis indicate that 
mixed antioxidant supplementation was 
associated with a significant reduction in 
mechanical ventilation, which suggests that 
providing exogenous sources of antioxidants 
may help to restore antioxidant balance 
in mechanically ventilated patients and, in 
doing so, make it easier for patients to be 
weaned from ventilation.

Our results also indicate that mixed 
antioxidant supplementation was associated 
with no effect on mortality, as was also 
shown in a prior meta-analysis,[30] which is 
in contrast to a recent review that suggests 
micronutrient supplementation has an 
overall mortality benefit.[26] From these 
studies, what appears important in relation 
to the mortality benefit of micronutrient 
supplementation is the route, the duration 
of supplementation, and the overall risk 
of death in the study population. Patients 
with high risk of death who are enterally 
supplemented may experience a mortality 
benefit from mixed antioxidants. Therefore, 
sub-group selection may determine the 
effect. In our analysis, there was a high level of 
heterogeneity, and two of the largest studies 
produced conflicting results. Crimi et al.[25] 
observed a significant reduction in mortality 
associated with the use of combined 
antioxidants, in a highly controversial 
result highly criticised for the excessively 
high mortality in the patient collective. 

Study Statistics for each study Sample size Odds ratio and 95% CI

Odds 
ratio 95% CI p-value Treated Control

Relative
weight

Berger 1998

Porter 1999

Berger 2001

Nathens 2002

Crimi 2004

Berger 2008

TOTAL

0.473

0.163

0.846

0.747

0.658

0.762

0.710

0.095 - 2.358

0.028 - 0.965

0.192 - 3.736

0.558 - 1.000

0.405 - 1.260

0.460 - 0.800

0.571 - 0.883

0.361

0.046

0.826

0.050

0.092

0.290

0.002

10

9

11

301

105

102

10

9

12

294

111

98

1.84

1.50

2.15

55.67

20.13

18.71

Test for overall e�ect Z= -3.079
Test for heterogeneity I2=0%

100.1 11 100

Favours placeboFavours anti-oxidant

Fig. 4. Random effects analysis: impact of mixed antioxidant supplementation on hospital length 

of stay.

Study Statistics for each study Sample size Odds ratio and 95% CI

Odds 
ratio 95% CI p-value Treated Control

Relative
weight

Berger 2001

Angstwurm 2007

Mishra 2007

Forceville 2007

TOTAL

1.750

1.057

0.732

1.495

1.128

0.306 -10.022

0.423 - 2640

0.236 - 2269

0.540 - 4.136

0.649 - 1.962

0.530

0.906

0.588

0.439

0.670

5/9

10/116

17/31

5/12

10/122

13/29

10.05

36.50

23.90

29.55

Test for overall e�ect Z=0.426
Test for heterogeneity I2=0%

100.1 11 100

Favours placeboFavours anti-oxidant

Fig. 2. Random effects analysis: impact of selenium supplementation on infectious complications.

Study Statistics for each study Sample size Odds ratio and 95% CI

Odds 
ratio 95% Cl p-value Treated Control

Relative
weight

Berger 2001

Angstwurm 2007

Mishra 2007

Angstwurm 1999

Forceville 2007

TOTAL

0.850

1.581

1.048

3.100

1.102

1.489

0.177 - 4.078

0.995 - 2512

0.338 - 3.243

1.008 - 9.533

0.440 - 2762

1.042 - 2129

0.839

0.052

0.936

0.048

0.835

0.029

9

116

18

21

31

12

122

22

21

29

5.19

59.58

10.00

10.11

15.13

Test for overall e�ect Z=2.185
Test for heterogeneity I2=0%

100.1 11 100

Favours placeboFavours anti-oxidant

Fig. 1. Random effects analysis: impact of selenium supplementation on ICU length of stay.

Study Statistics for each study Sample size Odds ratio and 95% CI

Odds 
ratio 95% CI p-value Treated Control

Relative
weight

Angstwurm 1999

Berger 2001

Forceville 2007

Angstwurm 2007

Mishra 2007

TOTAL

0.455

2.857

1.014

0.657

0.800

0.716

0.131 - 1.583

0.215 - 37.99

0.366 - 2805

0.393 - 1.099

0.229 - 2793

0.479 - 1.070

0.215

0.426

0.979

0.109

0.726

0.103

7/12

2/9

14/31

46/116

8/18

11/21

1/11

13/29

61/122

11/22

10.40

2.42

15.62

61.21

10.35

Test for overall e�ect Z=1.618
Test for heterogeneity I2=0%

100.1 11 100

Favours placeboFavours anti-oxidant

Fig. 3. Random effects analysis: impact of selenium supplementation on mortality.



24    SAJCC   July 2013, Vol. 29, No. 1

This particular study heavily weighted the 
meta-analysis findings of Mazanares et al.,[26] 
which showed a mortality benefit probably 
because the risk of death was so high. Berger 
et al.,[18] on the other hand, showed that 
mortality tended to be higher in the treated 
group, which they explained as due to a large 
number of deaths owing to severe brain 
injury. The high amount of heterogeneity in 
this analysis may be responsible for the lack 
of a significant finding on mortality.

In contrast to findings regarding mixed 
antioxidant supplementation, selenium 
alone was associated with no distinct clinical 
benefit. Studies such as those by Heyland et 
al.[1] and Angstwurm[17] previously showed 
that selenium supplementation was strongly 
associated with a significant reduction in 
mortality. Interestingly, our study failed to 
show this, but a trend towards a decrease 
in mortality was observed. This result is 
consistent with the recent meta-analysis 
of Heyland’s group,[26] which showed that 
selenium monotherapy only showed a trend 
toward reduced mortality particularly where 
the intravenous dose of selenium was high. 

As mortality is a highly robust measure, 
a large sample size is needed to obtain 
statistical significance, and the relatively 
small sample size of our aggregated analysis 
lacked the necessary statistical power.

In fact, supplementation of selenium alone 
was associated with a significantly longer 
ICU stay in the treated group. This result 
was particularly interesting as there was no 
heterogeneity among the studies included 
in this analysis, suggesting that selenium 
supplementation might be implicated in 
this increase in ICU length of stay. Selenium 
supplementation was also associated with 
a non-significant increase in infectious 
complications in the treated group, which 
may offer an explanation for the increased 
length of ICU stay in this group. These 
results suggest that supplementation with 
megadoses of a single micronutrient might 
bring about disturbances in the balance 
that exists between interrelated antioxidant 
systems, possibly even resulting in a pro-
oxidant state and poor immune function, 
which may result in increased morbidity and 
infection, resulting in a longer stay. The lack 

of benefit of single nutrients in supplemental 
amounts is suggested by the meta-analysis 
of Visser et al.,[30] which showed that single 
nutrient supplementation did not improve 
clinical outcomes.

Previous studies have indicated that 
selenium as a single micronutrient played 
a key role in improving antioxidant status 
and improving clinical outcomes such 
as mortality in the critically ill.[1,17] Our 
results have indicated that this is not the 
case. A combination of micronutrients 
was effective in significantly reducing 
hospital length of stay, the occurrence 
of infectious complications, and the 
duration of mechanical ventilation. These 
findings are supported by Level I evidence 
consisting of large randomised trials that 
have produced clear results. Selenium 
supplementation alone was associated 
with no apparent benefit, which may be 
because micronutrients work together in an 
overlapping manner to maintain a balance 
between reduction and oxidation reactions. 
For example, vitamin E is responsible for 
inhibiting lipid peroxidation by scavenging 
peroxyl fatty acid radicals in cell membranes. 
Vitamin C functions primarily as an electron 
donor that can directly detoxify superoxide, 
hydrogen peroxide, hydroxide radicals, 
peroxyl radicals and singlet oxygen radicals, 
but it also plays a role in the regeneration 
of tocopherol from the alpha-tocopherol 
radical, therefore it is also important 
in providing membrane protection.[31] 
Providing megadoses of only one of these 
micronutrients may therefore cause a 
short circuit in this carefully orchestrated 
antioxidant system. The same scenario can 
be applied to superoxide dismutase, catalase 
and glutathione peroxidase, which have to 
work closely with each other to neutralise 
the superoxide radical. This may explain why 
providing numerous micronutrients may 
lead to a larger treatment effect and a more 
favourable outcome than providing a single 
micronutrient.

Our results were further substantiated by 
a set of recently conducted retrospective 
studies[32,33] that examined the effect of 
high-dose antioxidant supplementation 
on clinical outcome in acutely injured 
patients (both ICU and non-ICU patients). 
Although not randomised clinical trials, 
these studies are significant because they 
are the only large trials conducted on 
antioxidant supplementation to date. The 
major findings of these studies were that 

Study Statistics for each study Sample size Odds ratio and 95% CI

Odds 
ratio p-value Treated Control

Relative
weight

Berger 2001

Nathens 2002

Crimi 2004

Berger 2007

El-Attar 2009

TOTAL

0.642

0.747

0.093

0.221

0.131

0.258

0.145 - 2.847

0.558 - 1.000

0.054 - 0.158

0.044 - 1.114

0.063 - 0.274

0.082 - 0.812

0.560

0.050

0.000

0.067

0.000

0.021

11

301

105

11

40

12

294

111

10

80

16.86

23.21

22.42

16.03

21.48

Test for overall e�ect Z= -2.315
Test for heterogeneity I2=0%

100.1 11 100

Favours placeboFavours anti-oxidant

95% CI

Fig. 6. Random effects analysis: impact of mixed antioxidant supplementation on duration of 

mechanical ventilation.

Study Statistics for each study Sample size Odds ratio and 95% CI

Odds 
ratio p-value Treated Control

Relative
weight

Berger 1998

Porter 1999

Berger 2001

Nathens 2003

Berger 2007

Berger 2008

El-Attar

0.115

0.156

1.125

0.772

0.094

1.027

0.622

0.523

0.020 - 0.644

0.013 - 1.828

0.175 - 7.243

0.481 - 1.239

0.017 - 0.521

0.574 - 1.836

0.177 -2.189

0.280 - 0.976

0.014

0.139

0.901

0.283

0.007

0.929

0.460

0.042

5/9

3/11

36/301

36/102

5/36

8/9

3/12

44/294

34/98

7/34

9.35

5.38

8.36

27.73

9.47

25.64

14.07

Test for overall e�ect Z= -2.248
Test for heterogeneity I2=53.5%

100.1 11 100

Favours placeboFavours anti-oxidant

95% CI

Fig. 5. Random effects analysis: impact of mixed antioxidant supplementation on infectious 

complications.
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antioxidant supplementation was associated with a 28% relative risk 
reduction, and a significant reduction in ICU length of stay, hospital 
stay and duration of mechanical ventilation.  Using the same data, 
Giladi et al.[33] conducted a subset analysis on those patients who 
spent 24 hours or more in the ICU. Length of hospital and ICU stay 
and overall infectious complications remained significantly lower in 
the supplemented group than the control group. The study design 
does, however, infer some weakness. Owing to the study having 
historical controls, the associated benefits cannot specifically be 
attributed to the antioxidant intervention. There was, however, no 
significant critical care change reported from the time of antioxidant 
supplementation. Consequently, these studies may be considered 
particularly noteworthy as they provide an indication of the possible 
effects that antioxidant supplementation could have on larger sample 
sizes of critically ill patients. These results, together with the results 
from our meta-analysis, indicate that supplementation with several 
micronutrients could be effective in improving clinical outcomes in 
the critically ill.

Our review offers a number of strengths. It had a larger sample size 
than previous meta-analyses[1] reporting on this topic, which increases 
its precision and power. Our choice of statistical model for performing 
this meta-analysis was an OR. Although no statistical method gives 
completely unbiased estimates, the OR method at events rates up to 
10% appears to be the least biased and most powerful when there is 
no substantial imbalance in treatment and control group sizes within 
trials, and treatment effects are not exceptionally large.[34]

Our study has several limitations. One of the flaws of conducting a 
meta-analysis is that of publication bias as this meta-analysis did not 
include results from unpublished data. There were a large number of 
inconsistencies within the trials included for review, which could be 
attributed to both clinical as well as methodological heterogeneity. 
One of the weaknesses associated with these trials were confounding 
factors that could have an effect on clinical outcome, such as inotropic 
support, mode of nutritional support, amount of energy and protein 
provided, provision of blood products, blood glucose control, and 
renal replacement therapy and antibiotic administration that were 
not adequately considered and compared between groups in any 
of the trials. It is therefore hard to assess if the effects observed in 
these trials could be attributed to antioxidant supplementation 
alone. The varying quality of the different studies may also affect 
the outcome of a meta-analysis. Despite only including randomised 
control trials, generally the studies failed to explain techniques of 
randomisation and blinding in sufficient detail (Table 3), indicating 
poor methodology. These studies were, however, still included in 
this review as they met the specified inclusion criteria for this 
meta-analysis, as they were randomised clinical trials investigating 
the effect of antioxidant supplementation on clinically significant 
outcomes in the critically ill population. We recognise that the meta-
analysis done on the effect of mixed antioxidant supplementation 
on infectious complications has a moderate heterogeneity (Fig. 5). 
Berger et al., [22] Porter et al. [23] and Berger et al.[19] strongly favoured 
antioxidant supplementation in this sub-analysis.  Individually, these 
studies reported a significant reduction in infectious complications 
with mixed antioxidant supplementation, with both groups being 
comparable at baseline. The other studies failed to show significance, 
resulting in the higher heterogeneity seen in this analysis. With this 
said, studies such as those done by the Collier-Gilardi[32,33] group may 
show more insight on the effects of antioxidants on clinical outcomes 
than they are given merit for.

Heyland et al.[35] have recently published the results of a multi-
centred randomised controlled trial on the effects of antioxidant 
supplementation on 28-day mortality in critically ill patients with 
severe organ dysfunction. The results have been eagerly anticipated 
owing to the very large sample size powered to detect a true mortality 
effect. The results indicate that supplemental antioxidants alone in 
307 patients did not confer a mortality benefit, which supports the 
findings of the present meta-analysis. Heyland’s study, however, did 
not demonstrate a positive effect on any other clinical outcome, which 
is a departure from our results. Therefore, questions remain regarding 
the clinical utility of mixed antioxidant supplementation.

Conclusion
The results of this meta-analysis indicate that supplementation 
of mixed antioxidants may have the potential to be beneficial in 
improving clinical outcomes in the critically ill, such as length of 
stay, infectious complications and duration of mechanical ventilation. 
Although no benefit on mortality was observed, a reduction in the 
aforementioned outcomes might reduce costs associated with critical 
care. More studies on the effects of antioxidant supplementation are 
warranted to gain further insight on appropriate dosing schedules 
for clinical use.
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When it comes to 
tolerance, not all tube 
feeds are the same.

Improves tolerance by 
targeting upper ...

and lower digestive 
tract complications

In line with the latest nutritional 
guidelines
•	 The	highest	amount	of	DHA/EPA	of	any	
	 standard	tube	feed	providing	100%	of	the	
	 recommended	daily	intake	(RDA)2,4,5

•	 The	only	tube	feed	to	offer	a	mixture	of	
	 carotenoids	that	is	clinically	proven	to	
	 reduce	oxidative	stress	by	30%6
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Reduced incidence of diarrhoea with MF6™ Multi Fibre feed 
8

47%
reduction

Single-fibre                            MF6™

For more information please contact your Nutricia representative, email info.southafrica@nutricia.com or call +27 87 350 2000.
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•  Whey-dominant	protein	blend	
 to enhance gastric emptying1,2

• Medium	chain	triglycerides	for	
 easier fat absorption3

•	 Clinically	proven	MF6™	Multi	Fibre
	 mix	to	reduce diarrhoea7,8

The Nutrison MF6™ Multi Fibre is proven to reduce 
diarrhoea by up to 47%7,8

•	 Nutrison	has	always	promoted	intestinal	tolerance	with
 its patented MF6™ Multi Fibre	formulations7,9

•	 Patients	receiving	MF6™	Multi	Fibre	had	47% fewer 
 days with diarrhoea8

n=78 (P=0,002)
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