
Proceedings of the Nutrition Society (2001), 60, 171–178 DOI: 10.1079/PNS200089
© The Authors 2001

Abbreviations: ELBW, extremely-low birth weight; LBW, low birth weight; RPE, retinal pigment epithelium; VLBW, very-low birth weight.
*Corresponding author:  Victoria Jewell, fax +44 28 70324965, email VC.Jewell@ulst.ac.uk 

CAB InternationalPNSProceedings of the Nutrition Society0029-6651© Nutrition Society 2001 60260Postgraduate SymposiumV. C. Jewell et al.1711788© Nutrition Society 2001

Nutritional factors and visual function in premature infants

Victoria C. Jewell1*, Christine A. Northrop-Clewes1, Richard Tubman2 and David I. Thurnham1

1Northern Ireland Centre for Diet and Health, University of Ulster, Coleraine BT52 1SA, UK
2Neonatal Intensive Care Unit, Royal Maternity Hospital, Belfast BT12 6BB, UK

Victoria Jewell, fax +44 28 70324965, email VC.Jewell@ulst.ac.uk

Approximately 5–7 % of all infants are born prematurely, and birth before 37 weeks is the most
common cause of neonatal mortality, morbidity and long-term disability. Premature infants are
poorly equipped for life outside the womb, and oxidant stress has been implicated in the aetiology
of visual impairment in these infants, who are often exposed to increased O2 concentrations and
high light intensity in neonatal units. The carotenoids lutein and zeaxanthin, which give the
macular area of the eye its yellow colour, are located in the retinal pigment epithelium of the eye,
and are believed to play a role in protecting it against oxidative and light damage. The macular
pigments are of dietary origin, and green leafy vegetables are the primary source of lutein and
zeaxanthin. Lutein is one of the five most common carotenoids found in the diet. There is current
interest in the macular pigment in relation to age-related macular degeneration, but these pigments
may also have a protective role in the retinal pigment epithelium of the newborn infant. Little
information is available on blood lutein and zeaxanthin levels in neonates. Levels of lutein in
human milk are two to three times higher than those of β-carotene, whereas their concentrations
in the mothers’ blood are approximately the same. Human milk is the main dietary source of lutein
and zeaxanthin for infants until weaning occurs. The biochemical mechanisms which mediate the
transport of the macular carotenoids into the eye are not known, but tubulin has been identified as
the major carotenoid-binding protein, and may play a role in the physiology of the macula.

Prematurity: Lutein: Zeaxanthin: Macula

ELBW, extremely-low birth weight; LBW, low birth weight; RPE, retinal pigment epithelium; VLBW, very-low birth weightEvidence has accumulated over the past few decades
concerning the antioxidant role of carotenoids, particularly
in their potentially protective role in the development and
course of chronic diseases, i.e. heart disease, cancer, asthma,
diabetes and degenerative eye disease (Ford et al. 1999).
Although it is still not clear how carotenoids function in
these conditions, some recent work has suggested that
carotenoids may stimulate the immune system (Hughes,
1999). However, lutein and zeaxanthin are two carotenoids
which may have a direct effect on the metabolism and
function in the eye. Macular disease in the elderly has been
linked to inadequate dietary lutein through a low vegetable
intake, and retinopathy of prematurity may have a similar
aetiology. It is believed that retinopathy of prematurity may
be initiated by oxidative damage caused by high levels of
illumination and/or O2 in the hospital ward, and the vulnera-
bility of the immature tissue. Lutein and zeaxanthin in the
retinal pigment epithelium (RPE) absorb light and may have
an antioxidant function, hence protecting the eyes of young
infants from damage by illumination. However, there is

little information on the carotenoid status of young infants
(Jewell et al. 2000).

Premature birth

Premature birth is the most common cause of neonatal
mortality, morbidity and long-term disability (Bonn, 1998).
In the UK and Ireland 5–7 % of infants are born prematurely
(Gorman et al. 1996). Premature birth is internationally
defined as any infant born before 37 weeks gestation (259
d). Term infants are those born between 37 and 41 weeks
(259–293 d) or later (Gibson, 1982). Infants born weighing
< 2500 g at birth are termed low birth weight (LBW), those
weighing < 1500 g are termed very-low birth weight
(VLBW) and those weighing < 1000 g are referred to as
extremely-low birth weight (ELBW; World Health Organi-
zation, 1961). Survival rates of ELBW infants increased
from 10–20 % in the 1960s, to approximately 40–70 % in
the 1980s (Yu et al. 1986). Prematurity accounts for at least
75 % of early infant deaths; however, the survival of those
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infants has improved greatly, and subsequently their quality
of life has improved dramatically. Neonatal intensive care
was developed in the late 1970s and has continued to evolve
since then. Increased survival is due to improvements in
treatment, environment and diet, yet potentially fatal
conditions continue to occur in vulnerable infants, and these
infants are at a high risk for visual and neurological
impairment.

Causes of premature birth

A number of factors have been associated with premature
birth, and these include healthcare risks, previous obstetric
history, demographic risks and environmental and lifestyle
risks. Multiple pregnancies, pre-eclampsia, bacterial
vaginosis and sexually-transmitted disease are associated
with premature birth (Main & Hadley, 1988). Stress, low
social class, smoking, excessive alcohol intake and drugs
are also associated with premature birth. In addition, there is
a higher risk of premature birth among women aged ≤ 19
years and women aged ≥ 40, those unmarried, and of a race
other than white (Main & Hadley, 1988).

Neonatal mortality

The survival rate for preterm infants has improved dramati-
cally with advances in perinatal care, especially due to
efforts to reduce neonatal respiratory distress syndrome. The
mortality rate for infants born at 23–36 weeks in an
Australian study from 1994–7 was approximately 5 %
(Doyle et al. 1999). The causes of death included lethal
congenital anomalies, complications of prematurity such as
hyaline membrane disease, broncho-pulmonary dysplasia,
intraventricular haemorrhage, cystic periventricular leuco-
malacia, pulmonary haemorrhage, necrotising enterocolitis,
perinatal asphyxia, and sepsis. The mortality rate between
1994 and 1997 diminished rapidly in infants born at 23–28
weeks gestation (from 64·5 % at 23 weeks to 4·0 % at 28
weeks), then more slowly to reach 0·4 % at 36 weeks. Lethal
anomalies were the most common cause of death.

In England and Wales neonatal mortality rate declined by
20 % during the last decade, largely due to a fall in deaths
from congenital anomalies (Cartlidge et al. 1999). A
nationwide study in England and Wales showed the inci-
dence of survival of VLBW infants (Alberman & Botting,
1991); the number of survivors weighing 500–999 g at birth
increased by 50 % between 1983 and 1985, with a 30 %
overall increase in survivors weighing less than 1500 g.
Likewise in Ireland, Gorman et al. (1996) showed
neonatal mortality in the 1990s to be about 15 %. Lethal

malformations accounted for 5 %. Survival rates increased
greatly from 33 % for infants weighing 501–750 g, to 94 %
for infants weighing 1001–1250 g. All infants weighing
1501–1750 g survived (Table 1).

An investigation by Cooke (1996) examined 1722
VLBW infants admitted over a 12-year period from 1982 to
1993. Over this period neonatal survival increased by 10 %,
with a decrease in parenchymal cerebral haemorrhage and
cerebral palsy rates in survivors. He attributed this increased
survival to the greater use of antenatal steroid prophylaxis.

Neonatal morbidity

The long-term outcome of premature infants has been the
focus of many investigations in recent years (Morris et al.
1999). Recent recommendations suggest that health status of
premature infants is best described at 2 years of age
(corrected for gestation; Bohin et al. 1999). This study used
the (UK) Audit Commission (1993) recommendations for
descriptions of later health status (Table 2; National
Perinatal Epidemiology Unit, 1994). This scheme divides
information on the child’s health status into different body
areas and indicates a ‘level’ which can be considered
severely abnormal. It should be realised, however, that
although a child may be declared ‘intact’ at 2 years of age, it
does not mean that they have escaped ‘unscathed’. They
may have school problems and learning disabilities that do
not appear until later, for example, at school age.

All studies show that mortality and morbidity are highest
in the smallest and least-mature infants. Le Blanc et al.
(1999) looked at the outcome of ELBW infants in
Mississippi, USA. The follow-up was done at approx-
imately 2 years, and included infants born between 1992 and
1996 in the University of Mississippi Medical Center, MS,
USA. Infants were classified ‘intact’ if they were neither
deaf nor blind and had no cerebral palsy, or were without
any form of moderate or mild disability. Of the survivors
born between 23 and 25 weeks 50 % had some form of
disability at follow-up.

Elder et al. (1999) looked at hospital admissions in the
first year of life in VLBW infants in Western Australia, and
showed a high rate of readmission (42 %). Chronic lung
disease was found to be the predominant perinatal factor,
necessitating both surgical and medical readmission,
particularly in boys (54 % of those readmitted). The most
common reason for surgical readmission was for hernia
repair, and risk of hernia increased with decreasing
gestational age, male gender, occurrence of severe hyaline
membrane disease and development of chronic lung
disease.

Table 1. Impairments in infants born prematurely (%)

Study Subjects Cerebral palsy Developmental delay Vision Hearing Epilepsy

Bohin et al. (1999)

Veen et al. (1991)

n 55
< 1500 g at birth
≤ 25 weeks gestation
n 966
< 1500 g at birth
< 25 weeks gestation

16·4

30·6

30·9

16·1

1·8

27·7

9·1

6·2

7·3

*

* Data not available in the study.
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The outcome of many LBW, VLBW and ELBW infants
has improved immensely in recent years, and much of this
improvement can be attributed to the management of
respiratory diseases with which many of these infants are
born. Due to the fact that these infants are born with
underdeveloped lungs, many deaths are related to the
severity of neonatal respiratory distress syndrome, or the
associated complications and sequelae (Cartlidge et al.
1999). Major advances in this area have been made; clinical
trials show that both pre-delivery corticosteroids and
surfactant-replacement therapy reduce mortality from respi-
ratory distress syndrome.

The developmental outcome in premature infants in
relation to feeding was investigated by Morris et al. (1999).
They found that respiratory factors influenced the time
required to reach full enteral and nipple feedings, and
infants able to tolerate enteral feedings at an earlier age had
an increased chance of better mental developmental
outcome at 24 months. The mechanism is unknown, but the
results enforce the proposal that providing enteral nutrition
is one of the most important treatments that can be given to
premature infants.

Antioxidants and oxidant stress

Oxidant stress has been implicated in the ageing process and
in a large number of important human diseases, including
cancer, cardiovascular disease and stroke (Blanche et al.
1999; Table 3). The term ‘reactive oxygen species’ is a
collective term which includes not only oxygen-centred free
radicals, but also some non-radical derivatives such as H2O2
and HOCl. Oxidative stress probably arises when damage
arising from reactive oxygen species is not repaired rapidly
enough. All the major classes of biomolecules are
vulnerable to free radical damage. Free radicals cause strand

breaks in DNA (Halliwell & Aruoma, 1991), which
potentially can lead to subsequent disrepair and tumour cell
formation.

Premature and small-for-gestational age infants have a
high risk of visual impairment. In particular, there is a high
risk of retinopathy of prematurity, strabismus (Pennefather
et al. 1999), significant refractive error and periventricular
leucomalacia (Gorman et al. 1996) which can be associated
with neurological dysfunction, i.e. optical atrophy and
cortical blindness. Retinopathy of prematurity develops
when the normal pattern of progressive blood vessel growth
within the retina is disrupted following premature birth,
leading to vascular proliferation haemorrhage and retinal
degeneration. Oxidant stress has been implicated in the
aetiology of these conditions. Infants are often exposed to
potentially-damaging concentrations of O2 (due to their
respiratory problems) and high light intensity in neonatal
units.

Links have emerged between diets rich in antioxidant
nutrients and a lower incidence of certain diseases (e.g.
cancer, cardiovascular disease) and effects on immune
function. It has been suggested that a boost to the body’s
immune system by antioxidants may in part account for this
outcome (Hughes, 1999). It is probably crucial to attempt to
maintain the balance between reactive oxygen species and
antioxidants, ideally by dietary means rather than supple-
mentation, from as early an age as possible in the
population, to prolong, if not prevent, the onset of age-
related disorders (Hughes, 1999).

Many antioxidants and other micronutrients can be
obtained from fruit and vegetables in the diet, including
ascorbate (vitamin C), α-tocopherol, carotenoids and
polyphenolic flavanoids. In addition, several micronutrients
function as integral components within the endogenous anti-
oxidant defences of the body (e.g. Se in the metalloenzyme
glutathione peroxidase; Hughes, 1999).

A recent report gives an excellent example of the
potential need to maintain adequate intakes of antioxidants
in the middle years of life, in order to prevent accumulative
damage caused by reactive oxygen species manifesting later
in life. Jacques et al. (1997) examined the relationship
between age-related lens opacities and vitamin C supple-
mentation over a 10–12-year period in 247 women aged
between 56 and 71 years, without cataract or diabetes. A 77
% lower prevalence of early lens opacities was associated
with the use of vitamin C supplements for 10 years or more,
and an 83 % lower prevalence of moderate lens opacities,
compared with women who did not use supplements. There
was no evidence of a reduced prevalence of early lens

Table 2. Scheme for assessing the outcome of children who have
received neonatal intensive care (Audit Commission, 1993)

Type of impairment Definition

Cerebral palsy

Developmental delay

Vision

Hearing

Growth

Epilepsy

Other serious and 
continuing 
conditions

(a) Any neuromotor impairment, with 
disability, due to a brain lesion; (b) unable 
to walk, even with aids

Developmental quotient on the Griffiths scale 
of less than 70, or > 2 SD below the mean 
for other similar clinical tests. Tests should 
be corrected for gestational age

Significant impairment in both eyes (if 
measurable, corrected binocular visual 
acuity of ≤ 6/24)

Bilateral impairment requiring hearing aids 
(hearing loss greater than 60 dB)

A weight of > 2 SD below the mean, a height 
of > 2 SD below the mean, a head 
circumference of > 2 SD below the mean

A diagnosis of epilepsy and needing regular 
medication

To include continuous breathlessness, hydro-
cephalus that has required a shunt, stoma 
and loss of a limb

Table 3. Some examples of degenerative diseases which may be
linked to oxidative damage in their aetiology (Hughes, 1999)

Disease

Macular degeneration
Cataract formation
Cancer
Cardiovascular disease and atherosclerosis
Stroke
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opacities in women consuming supplements for less than
10 years, suggesting that long-term supplementation with
vitamin C may substantially reduce the development of age-
related lens opacities.

Lutein and zeaxanthin (the macular pigments)

It is well known that the eye is sensitive to the effects of
light, particularly blue light, and that antioxidants are
important in its protection (Bernstein et al. 1997). The
macular region of the eye at the centre of the retina is the
region of highest visual discrimination and is particularly
adversely affected by high light intensity, although all parts
of the retina may be affected (Bernstein et al. 1997). The
metabolic activity of the RPE in the eye is particularly high,
as are the polyunsaturated fatty acid levels in retinal tissues.
Such conditions will potentially increase the risk of oxidant
damage to the RPE, an area exposed to oxidative insult from
blue light. In particular the presence of sensitizers (e.g.
drugs and chemicals, such as allopurinol or phenothiazines)
may induce the production of oxidant species such as singlet
oxygen or superoxide. Ascorbate is a powerful reducing
substance with potent radical-scavenging properties
(Thurnham, 1988). It has been shown to protect against
these species and can be found in high concentrations in the
vitreous humor (and aqueous humor and lens) of the eye.
The lens also provides some protection against blue light,
but this is not particularly effective in the young.

The distribution of the two carotenoids in the retina was
studied by Bone et al. (1988). In the inner macula
zeaxanthin is dominant, but moving away from the fovea the
concentrations change, leading to lutein becoming the
dominant component, with values for lutein:zeaxanthin of
2:1–3:1. Bone et al. (1988) and Sommerburg et al. (1999)
also suggested that the distribution of the carotenoids may
be associated with the distribution of the rods and cones.

Lutein and zeaxanthin are two yellow carotenoids that
give the macular area of the eye its colour, and are
selectively accumulated in this part of the eye. Lutein and
zeaxanthin are specifically located in the RPE, and are
believed to play a role in protecting it against oxidative and
light damage (Bone et al. 1985). As they are the only
carotenoids present in the macula lutea and retina, they are
believed to exhibit specific biological functions (Bone et al.
1997). These carotenoids have been implicated in macular
function and prevention of degeneration (Bone et al. 1988),
and although current interest is mainly concerned with the
role of lutein and zeaxanthin in relation to age-related
macular degeneration, they may also be important as
protective factors in the RPE of the newborn infant.

Protection may be offered by lutein and zeaxanthin in two
ways; by absorbing blue light before it reaches sensitizers
which initiate photochemical damage, and by the general
ability of carotenoids to quench singlet oxygen and free
radicals (Bone et al. 1997). Common findings in children
with a history of retinopathy of prematurity are retinal
thinning, with diffuse hypopigmentation and mottled
pigmentation of the macula (Minicucci et al. 1999). These
physical signs may indicate failure to accumulate, or loss of,
lutein and zeaxanthin, and therefore any antioxidant effects
they may have.

Studies in monkeys have shown that the macular
pigments are of dietary origin, since those fed diets devoid
of lutein and zeaxanthin failed to develop yellow
pigmentation of the macular area (Malinow et al. 1980).
Green leafy vegetables are the primary source of lutein and
zeaxanthin. Lutein is widely distributed in green vegetables
(it is a major chloroplast pigment and therefore present in all
green leafy vegetables), and is one of the five most common
carotenoids found in the diet. The concentration of
zeaxanthin in the diet is generally very low, and it is found
in significant amounts in few foods. Yellow maize is the
richest source of dietary zeaxanthin, but is not consumed in
large quantities in Western diets. Peppers and fruits such as
peaches and oranges are also good sources (Sommerburg
et al. 1998). There must be a highly-specific mechanism for
incorporating lutein and zeaxanthin into the eye, since
zeaxanthin is specifically located in the macular region and
the total concentration of other carotenoids in the entire RPE
is not more than 1 %. The biochemical mechanisms which
mediate the uptake and stabilisation of the macular
carotenoids are not known, but Bernstein et al. (1997)
identified tubulin as the major carotenoid-binding protein.
Investigations using tissue derived from the human macula
(foveal tissue) showed that tubulin binds macular
carotenoids, and this binding interaction may play a role in
the physiology of the macula.

Supplementation studies

Landrum et al. (1997) investigated the effect of lutein
supplementation on the macular pigment. They supple-
mented two subjects with 30 mg lutein/d for 140 d and
regularly measured macular pigment optical density using a
heterochromatic flicker photometer. They observed that
macular pigment optical density increased by 39 % in
subject A, and by 21 % in subject B, and that serum lutein
concentrations increased tenfold. At 40–50 d after supple-
mentation ceased serum levels returned to baseline but
macular pigment optical density did not. The increased
macular pigment optical density was estimated to have
produced a 30–40 % reduction in blue light reaching the
photoreceptors, hence the current interest in the role of
lutein in macular disease.

Hammond & Caruso-Avery (2000) attempted to
determine ‘average’ levels of macular pigment optical
density using a heterochromatic flicker photometer. They
studied 217 (seventy-nine men, 138 women) US subjects
and found the average macular pigment optical density was
0·22 (SD 0·13) milliabsorbance units/d. The average macular
pigment optical density tended to decrease with age and was
significantly lower in women than men (13 %; P < 0·05),
heavy smokers compared with light (P < 0·0045) and non-
smokers (P < 0·034), and in individuals with light v. dark-
coloured irises (18 %; P < 0·009).

Studies investigating supplementation with lutein and
β-carotene suggest that there is an interaction between lutein
and β-carotene when taking β-carotene supplements
(30 mg/d) over an extended period of time (6 weeks).
Reductions in plasma lutein concentrations were observed
on ingestion of large doses (30 mg/d) of purified β-carotene
(Micozzi et al. 1992). In eight subjects (three female, five
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male), Gartner et al. (1996) investigated this interaction
further and found a preferential absorption of the xantho-
phylls lutein and zeaxanthin v. β-carotene. Fourteenfold and
fourfold higher lutein and zeaxanthin levels respectively
were observed in the chylomicron fraction.

Human blood and milk levels of lutein and zeaxanthin
in the neonate

Lutein concentrations represent about 20–30 % of total
blood carotenoids with an average Western diet, while
zeaxanthin concentrations represent only about 2–4 %.
Concentrations in the blood vary greatly between
individuals (Thurnham, 1994). There is little information on
blood lutein and zeaxanthin levels in neonates, and no
information on whether infant concentrations of these
carotenoids or the concentration in the mother’s blood have
any relationship with visual impairment. It is suggested that
lutein and zeaxanthin may diffuse across the placenta in
amounts controlled by the concentration in the mother’s
plasma, since there are direct correlations between the
respective amounts of the two carotenoids in the mother’s
and infant’s plasma (Jewell et al. 2000). Fig. 1 shows the
correlation between the concentrations of plasma lutein in
fifty-four mothers and infants (r 0·290, P = 0·035) and Fig. 2
shows the same correlation for zeaxanthin (r 0·448,
P < 0·001).

Levels of lutein in human milk are reported to be two to
three times higher than those of β-carotene, whereas their
concentrations in mother’s blood are approximately the
same (Khachik et al. 1997). This observation suggests that
lutein may be actively secreted into milk rather than
passively diffusing as the other carotenoids apparently do.
Currently, there is little information on the levels of
zeaxanthin in human milk, but preliminary analysis of
human milk suggests that concentrations are similar to those
of plasma. Human milk is the main source of lutein and

zeaxanthin for infants until weaning occurs, as is indicated
in some recent work from our laboratory. Fig. 3 gives these
results, which show a high correlation between lutein in
plasma of the mothers and that in the plasma of breast-fed
infants (n 9, r 0·803, P = 0·005). If lutein and zeaxanthin are
of importance in protecting the RPE of the young infant, this
finding supports the view that breast-feeding is the best form
of nourishment for the infant, since formula may contain no
lutein.

Premature infants, like all low-birth-weight infants,
require extra nutrients for rapid growth, but are at a
particular nutritional disadvantage because they have
missed the period of maximum placental transfer of energy
and nutrients during the last weeks of pregnancy. In
addition, gastrointestinal and renal functions are immature
in the premature infant, potentially resulting in poorer
absorption and reduced retention of nutrients.

Premature infants are at a higher risk of visual and
neurodevelopmental disorders and it has been suggested that
the lack of a supply of long-chain polyunsaturated fatty
acids, which is available to the full-term infant via the
placenta, may be contributory. There is evidence that
premature infants who receive breast milk rather than
formula milk have better developmental outcomes (British
Nutrition Foundation, 1992).

Breast milk from women who deliver premature infants
contains more fat, protein and Na, but less carbohydrate than
full-term milk, and its energy value is also greater. There is
evidence that this milk supports better growth than mature
breast milk (Editorial, 1988). Preterm formulas have a
higher nutrient density than standard formulas, and provide
energy, protein and Na in amounts similar to those of
premature breast milk. The need to supplement preterm
formulas with appropriate amounts of long-chain poly-
unsaturated fatty acid (arachidonic acid and
docosahexaenoic acid) has been acknowledged (Carnielli
et al. 1996). The current feeding approach in hospitals is to

Fig. 1. Lutein concentrations in plasma of Northern Ireland mothers v. infants. Fifty-four paired
samples of maternal and cord blood were collected immediately after delivery at the Royal
Maternity Hospital, Northern Ireland. Measurements of retinol, lutein, α- and β-carotene, α- and
β-cryptoxanthin, tocopherol and zeaxanthin were obtained for plasma by HPLC, with the plasma
extraction method of Thurnham et al. (1988) and HPLC procedure of Emenheiser et al. (1996).
r 0·290, P = 0·035.

https://doi.org/10.1079/PNS200089 Published online by Cambridge University Press

https://doi.org/10.1079/PNS200089


176 V. C. Jewell et al.

give either preterm formula or a combination of breast milk
and preterm formula before or up to discharge (Jones &
Spencer, 1999). The findings of Lucas et al. (1997)
‘suggests that breast-feeding may promote faster growth in
infants compromised by poor growth in utero’.

Absorption and bioavailability of carotenoids in the body

As yet there is no specific functional biochemical indicator
of carotenoid efficiency (other than the provitamin A
activity of some carotenoids) or animal model of deficiency.
Without a functional marker for biological activity of

Fig. 2. Zeaxanthin concentrations in plasma of Northern Ireland mothers v. infants. Fifty-four paired
samples of maternal and cord blood were collected immediately after delivery at the Royal Maternity
Hospital, Northern Ireland. Measurements of retinol, lutein, α- and β-carotene, α- and β-cryptoxanthin,
tocopherol and zeaxanthin were obtained for plasma by HPLC, with the plasma extraction method of
Thurnham et al. (1988) and HPLC procedure of Emenheiser et al. (1996). r 0·448, P < 0·001.

Fig. 3. Plasma lutein concentrations of Nigerian mothers and their breast-fed infants. Nine mothers and their
infants, who presented in good health, were recruited from the Eleyele Day Clinic, Ife, Nigeria, West Africa.
Measurements of retinol, lutein, α- and β-cryptoxanthin, tocopherol and zeaxanthin were obtained for plasma
and breast-milk samples, where sufficient sample was available. The plasma extraction method was that of
Thurnham et al. (1988) and HPLC procedure was that of Emenheiser et al. (1996). r 0·803, P = 0·005.
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carotenoids in the body, ‘bioavailability’ has been taken to
mean ‘assimilation efficiency’ or the ability to accumulate
carotenoids into a defined body pool (Parker et al. 1999).
Such pools may include plasma chylomicrons, adipose
tissue or the macular pigment of the eye (Parker et al. 1999).
Macular pigment density may be a near functional indicator
of the bioavailability of lutein and zeaxanthin, since these
carotenoids may be implicated in macular function and
prevention of degeneration (Bone et al. 1988; Parker et al.
1999). Macular pigment density can be measured non-
invasively to assess its relationship with carotenoid intake,
as discussed earlier (Hammond et al. 1997; Landrum et al.
1999).

Absorption of carotenoids from different foods is
influenced by a variety of lifestyle factors, and so
correlation coefficients between habitual intake and blood
concentrations are usually low (Thurnham & Northrop-
Clewes, 1999). Plasma carotenoid levels respond very
quickly to changes in dietary intake, and the circulating
concentration is directly related to the amount in the diet
(Willett et al. 1983; Micozzi et al. 1992).

Bioavailability of carotenoids in human subjects is
difficult to assess, but may be attempted by two methods; by
assessing absorption efficiency using chylomicrons or by
measuring plasma carotenoid concentrations. There have
been a number of absorption studies, and reported estimates
of absorption efficiency have ranged from 1 to 99 % (van
Vliet et al. 1995; Gartner et al. 1996; O’Neill & Thurnham
1998). Vegetables are generally a poor source of
carotenoids, and perhaps more importantly, consumption of
foods rich in carotenoids is low in those groups who have a
higher proportion of LBW infants.

Conclusions

Premature birth is the leading cause of neonatal mortality,
morbidity and long-term disability, and premature infants
are at a high risk of visual impairment. There have been
considerable improvements in treatment in the last two
decades, but long-term morbidity is still a problem. Oxidant
stress has been implicated in the aetiology of these
conditions, as with age-related disorders, and therefore
antioxidants may be protective. Attempting to maintain the
balance between reactive oxygen species and antioxidants
by dietary means may help prevent or minimise the onset of
oxidant-related disorders.

Lutein and zeaxanthin may be protective against the
pro-oxidant effects of light by absorbing blue light and
quenching singlet oxygen and free radicals. Lutein supple-
mentation increases macular pigment optical density, and
hence decreases the amount of blue light reaching the
photoreceptors.

The macular pigments are of dietary origin, and
consumption of those few foods rich in bioavailable
carotenoids is low in those groups who have a high
proportion of LBW infants.

The plasma concentrations of carotenoids in mothers and
infants tend to be correlated. It is thought that lutein and
zeaxanthin diffuse across the placenta in amounts controlled
by the concentration in the mother’s plasma, since there are
direct correlations between the respective amounts in the

plasma of mothers and infants. Presently, there is little infor-
mation on the levels of zeaxanthin in human milk, but
preliminary analyses suggest that concentrations are similar
to those in plasma. There is also a high correlation between
lutein concentrations in the plasma of mothers and their
breast-fed infants.

The mechanism of uptake and stabilisation of lutein and
zeaxanthin into the eye is still not known. Tubulin, recently
identified as the major carotenoid-binding protein, may play
a role in the physiology of the macula.
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