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Objective: To evaluate the effect of iron supplementation on physical performance in children
(0-18 years) through systematic review of randomised controlled trials (RCTs). Data sources:
Electronic databases, personal files, handsearch of reviews, bibliographies of books, abstracts and
proceedings of international conferences. Review Methods: RCTs with interventions that included
oral or parenteral iron supplementation, fortified formula milk, or cereals were evaluated. The
physical performance outcomes studied were heart rate, treadmill endurance times, blood lactate,
and oxygen consumption. Results: A total of three studies were included, in all of which iron was
supplemented in the form of oral medicinal iron. At 5, 6 and 7 miles per hour running speeds, the
pooled weighted mean (95% Cl) difference (WMD) in the heart rate (per minute) between theiron
and the placebo, following exercise was —7.3 (=19.6, 4.9; p = 0.241), 6.6 (— 19.9, 6.6; p = 0.327),
and -8.0 (-19.7, 3.7; p = 0.182), respectively. After excluding the study with non-anemic subjects,
the corresponding figures were —13.1 (-23.2, -3.1; p= 0.01), -14.2 (-22.3, -6.1; p = 0.001) and —
12.7 (-23.5, 1.9; p= 0.021), respectively. Oxygen consumption, estimated in two studies, showed no
significant difference between the treatment groups. Blood lactate | evel swer e estimated in one study
only at two different doses of iron, and were significantly lower (p <0.05) in iron supplemented
group in comparison to placebo both before (7.71 and 7.55 mg/dL versus 8.43 mg/dL) and after
(14.36 and 14.35 mg/dL versus 16.48 mg/dL) exercise. Treadmill endurance time was significantly
better in iron supplemented group when compared with placebo in one study. Conclusions: Iron
supplementation may have a positive effect on the physical performance of children, as evaluated
through the post exer cise heart ratein anemic subjects, blood lactate level sand treadmill endurance
time. In view of the limited data availability, this finding cannot be considered conclusive.

Key words: Anemia, Endurancetime, Iron, Lactate, Oxygen consumption, Physical performance,
Meta-analysis.

CCORDING to the estimates of the World Observational studies

in humans have

Health Organization (WHO), more than one
third of theworld’ spopulationisanemic; nearly two
billionindividualsare affected(1). Recent estimates
from India documented an anemia preval ence of
74% in children between 9 to 36 months of age(2).
Amongst the various causes of anemia, iron
deficiency is believed to be of foremost
importance(3).
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documented arelationship between iron deficiency
anemiaand impaired physical performance(4,5).
According to estimates, each 1% drop in
hemoglobin resultsin 1.5-2% decrease in work
capacity and output(6). However, thefindingsfrom
intervention trialsare not consistent regarding the
role of iron supplementation in improving the
physical performance. Increase in hemoglobin has
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been shown to result inimproved work tolerance(7).
Other data suggests that raising the serum ferritin
levels has no impact on the maximal work
capacity(8). Another interesting dimension hasbeen
added to the controversy by the possible
contributions of vitamin B,, and folate to anemia
and impaired physical performance. Inview of the
conflicting evidence available, we conducted a
systematic review to evaluate the effect of iron
supplementation on physical performance in
children and adol escents.

Subjects and Methods
Search Strategy

We searched computerised bibliographic
medical databases till March 2003, including
Medline (data available from 1966), Cochrane
controlled trialsregister, Embase, I nternational
Bibliographic Information on Dietary Supplements
Database (IBIDS), and Healthstar for trials in
English language. We also reviewed referencelists
of identified articles and hand searched reviews,
bibliographies of books, and abstracts and
proceedings of international conferences or
meetings. Donor agencies, “ experts’, and authors of
recent iron supplementation trialswere contacted to
identify any additional or ongoing trials. Thetitle
and abstract of the trials identified in the
computerised search were scanned to exclude
studiesthat were obviously irrelevant. Wereviewed
thefull texts of the remaining studiesand identified
trialsthat fulfilled theinclusion criteria. To avoid
publication bias, we included published and
unpublishedtrials.

Selection criteria

Randomized placebo controlled trials
investigating the effect of oral iron supplementation/
iron fortified milk or cereals on physical
performance (as assessed by heart rate, treadmill
endurance time, blood lactate levels or oxygen
consumption) in children and adolescents were
included. Non-placebo controlled trials were
considered only if theiron was given parenterally.
We also included studies in which other
micronutrients and drugs were simultaneously
administered if the only difference between the
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study and the control iron

supplementation.

groups was

Validity assessment

We assessed the quality of trials using
recommended criteria(9,10). Concealment of
allocation was classed as adequate, unclear,
inadequate, or not used (labelledasA,B,Cand D,
respectively). To assess attrition we classified
studies by percentage of participants lost to
follow up (A: <3%, B: 3-9.9%, C: 10-19.9%, and
D: >20%). Blinding was classified as double
blinding (A), singleblinding (B), no blinding (C),
and unclear (D).

Data abstraction

Preformed questionnaireswere used to abstract
data. Thedataincludedinthisreview werederived
from the published papers or were provided by the
authors. If required, and wherever possible, we
contacted the authorsfor clarifications.

Quantitative Data Synthesis

In studies with two or moreiron intervention
groups (different dosage or administration regimes)
and asingle control group, the sample size of the
control group was divided equally between the
number of intervention groupswhileretaining the
same value for the change in outcome and its
standard deviation (SD). Thiswas doneto avoid
multiple counting of the control group (Oxman AD,
Personal Communication, 2003; Deeks J, Personal
Communication, 2003). Thus, some trials
contributed more than one analytic component for
statistical computations.

In computing pooled estimates, we required
sample size, mean change in development score
from the beginning to the end of theintervention,
and the SDs of thischange in theintervention and
control groups. Thefollowing principleswere used
for derivationsif actual variableswere not stated:
(i) inagroup thelower of thetwo stated samplesizes
at the beginning or at theend of atrial was assumed
to bethe sample sizefor the change; (ii) wherever
feasible, SDswere back cal culated from the stated
standard errors, t, or p values; (iii) wherever not
stated, the mean change in devel opment score was
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computed as the difference of mean post- and
pre-intervention scores; and (iv) wherever not stated,
the mean age of subjects was computed as the
average of the stated range.

The SD for the change in development scores
was computed assuming correlations of 0.5, and 0
(independent) between the pre- and post-test
variances(11). The presence of publication bias, that
refersto the greater likelihood of research with
statistically significant resultsto be submitted and
published compared with non-significant or ‘ null’
results, in the extracted datawas eval uated by funnel
plots(12). We used the metabias command in
STATA software to perform statistical testsfor
funnel plot asymmetry(13). The pooled estimates of
the weighted mean difference (WMD) of the
evaluated change in outcome score between the
control and intervention group were cal culated by
both fixed effects and random effects model
assumptionsusing the* metan” commandin STATA
software(13). Wereport primarily random effects
estimates because most of the pooled results
obtained were statistically heterogeneous. In view of
thelimited number of studies available, stratified
analyses and metaregression were not done.

EFFECT OF IRON SUPPLEMENTATION

Results

A total of 7 studies(14-20) wereidentified to be
potentially eligiblefor inclusion in the systematic
review. After thorough scrutiny, 3 trials were
included (Fig. 1).

Table | depictsthe baseline characteristics of the
analyzedtrials.

The parametersto assess physical performance
were different in the three studies. Gopaldas,
et al.(15) estimated the effect of iron supple-
mentation on submaximal work capacity (using the
modified Harvard Step Test) by estimating the heart
rates and the blood |actate |evel s after exercise.
Powers, et al.(14) studied the effect of iron therapy
on running performance, on atreadmill at three
different speeds (5,6 and 7 miles per hour), by
eval uating the heart rate and oxygen consumption.
Rowland, et al.(19) measured treadmill endurance
time, heart rate and submaximal and maximal
oxygen consumption. Heart rates measured
after exercisein thethree studies were considered
to be ‘combinable’ for the purpose of meta-
analyses. The other parameters are discussed
individually.

149 potentially relevant RCTs identified

Obvioudly irrelevant studies

excluded, n = 142

7 potentially appropriate RCTs

3 RCTsexcluded
1 excluded for other micronutrients
given with iron (20)

4 RCTs satisfying the inclusion criteria

1 excluded for different calorific consumption
by control and placebo (19)
1 excluded for adults included in the study (23)

RCTswithdrawn by outcome, n =1

Excluded for detailed data not given (21)

3 RCTsfinaly included

Fig. 1. Figuredepicting thetrial flow, for selection of trials for inclusion into the meta-analysis.
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Heart rate

Three studies were included in this meta-
analysis. Amongst these, Powers, et al.(14)
evaluated the effect of iron supplementation on heart
rate, at three different running speeds.

Pooled resultswith running performance at 5 mph:
Therewasno evidence of biasonfunnel plot (Fig. 2)
or by using the Egger’s (weighted regression)
method (p for bias = 0.91) or the Begg’s (rank
correlation) method (continuity corrected p=1.00).
Pooled datawas availablefor 106 children, 61 of
whom received iron while45 constituted the placebo
group. The pooled weighted mean difference
(WMD) inthe heart rates between theiron and the
placebo, following exercise, in the 4 analytic
componentswas—7.3/ min (95% CI =-19.6, 4.9,
p = 0.24; test for heterogeneity =24.72, p<0.001)
(Tablell and Fig. 3).

Pooled results with running performance at
6 mph: Therewas no evidence of publication bias.
Thepooled WMD inthe heart ratesbetween theiron
and the placebo, following exercise, with

EFFECT OF IRON SUPPLEMENTATION

assumption p = 0.5, in the 4 analytic components
was —6.6 /min (95% CI = -19.9, 6.6; p = 0.33;
test for heterogeneity = 28.13, p <0.001)
(Tablell).

Pooled results with running performance at
7 mph: Therewas no evidence of publication bias.
Thepooled WMD inthe heart ratesbetween theiron
and the placebo, following exercise, with
assumption p = 0.5, in the 4 analytic compo-
nents was —8.0/min (95% CI = -19.7, 3.7;
p = 0.18; test for heterogeneity = 20.65, p <0.001)
(Tablell).

Blood lactate

Blood | actatelevel sbeforeand after exercisewas
estimated in one study only(15). Thelactatelevelsin
those supplemented with either 30mg or 40mg of
elemental iron weresignificantly lower (p <0.05)
than that of the placebo both before (7.71 and 7.55
mg/dL versus 8.43 mg/dL) and after (14.36 and
14.35 mg/dL versus 16.48 mg/dL) exercise,
following iron supplementation. Theauthorsfurther
divided the study cohort into anemic and non-
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Fig. 2. Funnel plot of heart rate with unknown SD’s derived with assumption p=0.5 and running performance

evaluated at 5 mph.
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TABLE I1-Pooled Changein Post-exercise Heart Rate

No. of Weighted mean difference pvaue Testsfor heterogeneity
analytic Random effects (pvalue)
components model (95% CI)
With Powers, et al. at 5 miles/hour
SD’sby P=0.5 4 —7.3(-19.6,4.9) 0.24 24.72 (<0.001)
SD’s by independence 4 —7.2(-19.8,5.3) 0.26 17.23(0.001)
With Powers, et al. at 6 miles’hour
SD’sby P=0.5 4 —6.6 (-19.9, 6.6) 0.33 28.13(<0.001)
SD’s by independence 4 -6.5(-20.2,7.3) 0.35 20.32 (<0.001)
With Powers, et al. at 7 miles’hour
SD’sby P=0.5 4 -8.0(-19.7,3.7) 0.18 20.65 (<0.001)
SD’s by independence 4 —7.9(-19.5, 3.8) 0.18 13.73(0.003)
Wesghted Maan o,
= (B ) 3% Wisiight
Shudy
Gopaldas! (1985) -1d. T2 [-24.06 -5.30) 4.0
Gopaidas? (1985) 00T [-28.55 -12.84) 253
Porssers (1088 A 00 -4 15 12 18) #5.3
Rowdand (1888 2.00 (<5.72,10.72) 24,5

Chearpll (B5%: Ty -
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Fig. 3. Forest plot of changein post-exercise heart rate with Powerset al. at 5 miles’hour with unknown SD’ sderived

with assumption p= 0.5.

anemic children. The non-anemic subjects had
significantly lower (p <0.05) blood lactate levels
compared to their anemic counterpartsin the pre-
supplementation period. After iron supplementation,
thelactatelevel of the non-treated anemic subjects
was higher than theiron supplemented group, both
preand post-exercise (p <0.05). Inthe pre-exercise
stage, non-anemic subjects had significantly lower
(p <0.05) lactate level sthan the anemic group. After
exercise, the group receiving 40 mg iron had
significantly lower (p <0.05) lactate levelswhen
compared with the placebo group, but therewasno
differencein thelactate levels between the group
receiving 30 mgiron and placebo.

INDIAN PEDIATRICS

Oxygen consumption

Oxygen consumption was estimated in two
studies. Powers, et al.(14) showed a significant
increase in oxygen consumption in both the
placebo and the iron treated group following
supplementation at all three running speeds: 5 mph
(0.06 L/min for placebo and 0.03 for iron group),
6 mph (0.1 L/min for placebo and 0.07 L/min for
iron group) and 7 mph (0.13 L/min for placebo and
0.11 L/minforirongroup). A covariance analysis
did not demonstrate any difference between the
treatment groups, in terms of changesin oxygen
consumption. Oxygen consumption analyses was
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planned by Rowland, et al.(19), but dueto technical
equipment difficulties, gas exchange data was
available in only five runners following the
institution of iron therapy. Asthe group assignment
of these five runners was not available from the
published text, this parameter was not combinedin
the meta-analysis. No significant differenceswere
observed intheiron or placebo treated subjectsin
maximal or submaximal oxygen consumptioninthis
study.

Treadmill endurance time

After supplementing the subjectswithironfor
one month, Rowland, et al.(19) observed that the
treadmill endurancetime declined in every placebo
treated subject (mean = —0.67 minutes, range =
—0.07,-1.3). Amongst theiron treated subjects all
except oneimproved their endurancetimes (mean =
+0.57 minutes, range=+ 0.03to+ 1.92). Thegirl in
theiron treatment group whose endurancetime did
not improve had taken only 59% of her prescribed
dose. Theauthorsalso observed adirect relationship
between individual serumferritin levelsand change
in treadmill endurance time during treatment
(r=0.74,p<0.05).

Discussion

Theresults from this dataderived from three
randomized controlled efficacy trialsindicate that
iron supplementation may have apositive effect on
the physical performance of children. The post
exercise heart rate was lower in the iron-
supplemented group but not statistically significant.
Significant benefits were observed with respect to
the blood | actate level s and treadmill endurance
time, estimated in one study each. However, two
studies that estimated the oxygen consumption,
showed no significant difference with iron
supplementation.

Somelimitationsmerit consideration. First, isthe
limited nature of the data; we could identify only
threetrialscomprising 106 subjects, which satisfied
theinclusion criteria. The assessed quality of these
threetrialson various parameterswasfair to good
(Table I). Second, the studies do not provide
information about other proximate factors affecting
physical performance, like energy adequacy and
freedom from morbidity, particularly infections. The

INDIAN PEDIATRICS
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contributions of these factorsto the results are, at
best, speculative. Third, theincluded trialshave not
provided information on other micronutrient
deficiencies contributing to anemia; however, being
randomized controlled trials, it can be assumed that
these factors have been adequately accounted for.
Fourth, one of the included trials had female
adolescent athletes as the study subjects who
received physical training for one month beforethe
initiation of iron supplementation. The confounding
effect of physical training, whichisalso likely to
improvethe physical performance, isspeculative.
Finally, inthe absence of actually stated dataon the
variability of the change in outcome scores,
imputations had to be done on the basis of pre-
specified assumptions. The analyses suggest that
these imputations were robust since the
interpretation and quantification with various
assumptionswereinvariably synchronous.

A few interesting observations have emerged
from this systematic review, which may have
programmatic implications and can provide
directionfor futureresearch.

The pooled analyses did not show any significant
effect of iron administration on post exercise heart
ratein the study subjects. Previous studiesin adults
have shown that oxygen intake for agiven workload
and ventilation rateis similar irrespective of the
hemoglobin status, but thereisan increased cardiac
output in anemic subjects due to anincreased heart
rate(21). After eliminating the one study(19) with
iron deficient (serum ferritin < 20 ng/mL) but non-
anemic subjects, thedeclinein heart ratesfollowing
physical activity was seen to be statistically
significant [(WMD =-13.L/ min (95% CI =-23.2,
-3.1; P=0.01),-14.2/min (95% Cl = —22.3, 6.1,
P =0.001) and —12.7 /min (95% Cl =-23.5, -1.9;
P =0.021), at 5, 6 and 7 mph running speeds,
respectively)]. Thus, the heart rate response to
workload seems to be a sensitive monitor of
hemogl obin and the oxidative capacity status of the
body. Studies in older subjects have also
documented an increase in hemoglobin and
consequently, the physical capacity followingiron
supplementation(22-24).

One study(15) documented abeneficial effect of
iron supplementation on post exercise blood | actate
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What this Study Adds

+ Iron supplementation may have a positive effect on the physical performance of children, as evaluated
through the post exercise heart rate, blood lactate levels and treadmill endurance time.

levels. Several studieshave documented ariseinthe
fasting blood glucose, increased production of
|actate and adaptation of carbohydrate metabolism
toincrease the utilization of lactate as ametabolic
substratein the body(25, 26). With improvement in
hemoglobinlevelsfollowing iron supplementation,
there is improvement in the oxygen carrying
capacity. Therefore, the excessive conversion of
pyruvateto lactate dueto anerobiosisisdecreased,
bringing about adecreaseintheblood lactatelevels
both before and after exercise(24). Thusfindings of
thisreview arein consonance with the results of
similar studies conducted in adults(24).

Therewasasignificant improvement intreadmill
endurancetime with iron supplementation. Animal
studies have suggested that endurance exercise
capacity iniron deficient but non-anemic subjectsis
determined by oxidative capacity of themuscleand
not the whole body oxygen consumption(27-29).
Only subjects with decreased hemogl obin show
decreased oxygen consumption(25,26). This
phenomenon is probably related to the decreased
mitochondrial enzyme activity and mitochondrial
density in iron deficient subjects, and is
probably responsible for the improved endur-
ance times without any corresponding change
in oxygen consumption in the iron deficient
non anemic athletes evaluated by Rowland,
etal.(19).

Surprisingly, the African study, which eval uated
oxygen utilization(14), showed no improvement
withiron supplementation. Thetrial was conducted
during a period when the availability of food was
low and the transmission of malariawas high. There
was a general deterioration in the running
performanceof thechildrenin all thethreetreatment
groups. Iron supplementation resultsin alower
hematological response in children residing in
malarial areas (Sachdev HPS, GeraT). Effect of iron
supplementation on hematol ogical parametersin

INDIAN PEDIATRICS

children: a systematic review of randomized
controlledtrials. Project Report of Research Project
entitled Benefits of Iron Supplementation in
Children: A Meta-analysis of Randomized
Controlled Efficacy Trial's, 2004, unpublished).
Further, the contribution of other micronutrient
deficienciesin theseregionswhere malnutritionis
widely prevalent and food security is scarce also
needs eval uation.

Thisreview provides somedirection for future
research. Inview of the paucity of controlled trials
evaluating the role of iron supplementation on
physical performance in children, there is an
obvious need to generate relevant data. The
simultaneous evaluation of iron levelsand their
correlation to physical performance needs greater
attention. The effect of infectious illnesses,
mal nutrition and other micronutrientsand vitamins
on physical performance also needs evaluation
while conducting such interventions.

In conclusion, iron supplementation may havea
positive effect on the physical performance of
children, as evaluated through the post exercise
heart rate, blood lactate levels and treadmill
endurance time. In view of the limited data
availability, this finding cannot be considered
conclusive.
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