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Randomised study of cognitive effects of iron supplementation in
non-anaemic iron-deficient adolescent girls
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Summary

Background Up to 25% of adolescent giris in the USA are
iron deficient. This double-blind, placebo-controlied clinical
trial assessed the effects of iron supplementation on
cognitive function in adolescent girls with non-anaemic iron
deficiency.

Methods 716 girls who enrolled at four Baltimore high
schools were screened for non-anaemic iron deficiency
(serum ferritin <12 pg/L with normal haemoglobin). 98
(13.7%) girls had non-anaemic iron deficiency of whom 81
were enrolled in the trial, Participants were randomly
assigned oral ferrous sulphate (650 mg twice daily) or
placebo for 8 weeks. The effect of iron treatment was
assessed by questionnaires and haematological and
cognitive tests, which were done before treatment started
and repeated after the intervention. We used four tests of
attention and memory to measure cognitive functioning.
Intention-to-treat and per-protocol analyses were done.

Findings Of the 81 enrolled girls with non-anaemic iron
deficiency, 78 (96%) completed the study (39 in each
group). Five girls (three control, two treatment) developed
anaemia during the intervention and were excluded from
the analyses. Thus, 73 girls were included in the per-
protocol analysis. Ethnic distribution, mean age, serum
ferritin concentrations, haemogiobin concentrations, and
cognitive test scores of the groups did not differ
significantly at baseline. Postintervention haematological
measures of iron status were significantly improved in the
treatment group (serum ferritin 27-3 vs 121 pg/L,
p<0-001). Regression analysis showed that girls who
received iron performed better on a test of verbal learning
and memory than girls in the control group (p<0-02).

Interpretation In this urban population of non-anaemic
iron-deficient adolescent girls, iron supplementation
improved verbal learning and memory.
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Introduction

Iron deficiency is the most common nutritional disorder,
which affects about 20% of the world population, This
disorder is not limited to developing countries, and is the
main cause of anaemia in the USA.'Iron deficiency is a
systemic condition, which has many non-haematological
consequences: it impairs physical endurance, work
capacity, infant growth and development, and depresses
immune function.*

Since the initial studies by Oski and Honig,* most
research on the cognitive effects of iron deficiency has
focused on infants and very young children (toddlers).
Several studies have shown that iron deficiency causes
changes in behaviour and lowers development test
scores in infancy.® Animal models have revealed several
mechanisms by which iron deficiency may affect
cognition; these include changes in brain iron content and
distribution, and in neurotransmitter function. Body iron
stores, such as central nervous system iron, decrease
before red blood cell production is affected by iron
deficiency. Changes in cognition and behaviour may be
independent of hacmoglobin concentrations; for example,
pica is a well-known manifestation of iron deficiency from
which individuals recover soon after the start of iron
therapy.”® In addition, people who receive iron for iron-
deficiency anaemia commonly report improved memory,
attention, mood, and energy pefore any improvement
in haemoglobin indices.’ Decreased brain iron stores
may impair the activity of iron-dependent enzymes
necessary for the synthesis, function, and degradation of
neurotransmitters, such as dopamine, serotonin, and
noradrenaline.’ During the past 10 years, the increased
use of iron-fortified formulas and cereals has improved
the iron status of children and reduced the prevalence of
iron-deficiency anaemia.!" However, adolescent girls and
young women are still at high risk of developing iron
deficiency because of increased iron demands during
puberty, menstrual losses, and limited dietary iron intake.
Prevalence estimates of iron deficiency in adolescent girls
range from 9% to 40%, depending on the population
studied and the criteria used to define iron deficiency."”
The Second National Health and Nutrition Examination
Survey (1976-80) found that 14-2% of adolescent girls in
the USA were iron deficient.”

The non-haematological sequelae of iron deficiency
in adolescents have not been well defined. A study by
Groner et al'* of pregnant young women found better
performance on psychometric tests in women treated with
iron than in controls. Ballin and colleagues” found that
iron-treated adolescent girls reported decreased lassitude
and improved mood and ability to concentrate. Many
studies of the systemic effects of iron deficiency have
focused on individuals with iron-deficiency anaemia.
Webb and Oski' observed that anaemic students had
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