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Chapter 25
Carotenoids in Women and Infant Health

Suaad S. Alwakeel, May Bin-Jumah, Khansa Imam, Marius Moga, 
and Nicu Bigiu

25.1  �Introduction

Nutritional requirements escalate during pregnancy and lactation and inadequate 
supply of nutrients during these crucial life stages impacts negatively impact on the 
mother and developing child. It is well-known that young, pregnant and breastfeed-
ing women are at risk of having shortage of essential nutrients including carotenoids 
and vitamin A. The inadequate supply of carotenoids and vitamin A is a risk factor 
for pregnant and lactating women. The intake of both carotenoids and vitamin A 
should be increased to 1/3rd times during pregnancy and breastfeeding tenure. 
Nutrition during pregnancy is essential for development of fetus, pregnancy out-
comes, and child and mother health before and after birth [1]. Carotenoids are a key 
player in outcome of pregnancy and in inhibition of various problems during preg-
nancy caused by increased oxidative stress [2–4]. Carotenoids assist in sustaining 
good health during childhood as these are involved in the development and mainte-
nance mechanisms of cognition and vision. One group says that enhanced demand 
can be met from a balanced diet and maternal reserves of a well-nourished mother. 
Infant and developing fetus totally depend on mother intake of carotenoids for pro-
vitamin A requirements. However, there is limited research except suggestions of 
provitamin A supplementation in pregnancy and lactation. Encouraging consump-
tion of carotenoid rich foods during pregnancy and breastfeeding should continue 
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simultaneously with further research explaining the significance of them during 
these critical life periods.

25.2  �Prevention of Pregnancy Complication by Carotenoids

Hormonal concentrations and energy metabolism change during pregnancy. The 
placenta becomes operative leading to an increased level of Reactive Oxygen 
Species (ROS). Increased ROS generation, inappropriate development of placenta 
and inadequate antioxidant defense leads to oxidative stress. Increased ROS levels 
damage cells and tissues structurally and functionally, thereby acting as pro-
inflammatory agents. This may cause pregnancy abnormalities and complication. 
Carotenoids protect humans from oxidative stress and resulting complications [1, 2].

Carotenoids intake in pregnant women varies from country to country. It is well 
established now that oxidative stress increases the risk of pregnancy-initiated hyper-
tension, impulsive abortion, preeclampsia, gestational diabetes mellitus (GDM), 
and preterm birth [2, 5]. The shielding effects of carotenoids against preeclampsia 
have been well-studied [6, 92]. Preeclampsia affected pregnant women suffer from 
increased stress and inflammation and decreased level of carotenoids [7–9]. Risk of 
incidence of preeclampsia decreases with increased lutein plasma concentration 
[10]. Higher blood concentration of β-carotene is linked with decreased risk of pre-
eclampsia up to 50% in Zimbabwe pregnant women (n = 359) [11].

Out of 3 clinical studies in Indian women regarding influence of lycopene intake 
(@2 mg/day) up to 2nd trimester of pregnancy, I study indicated very small decrease 
risk of development of preeclampsia [12], while remaining 2 studies did not show 
any link between the two [13, 14].

Oxidative stress is also linked with GDM [15]. Antioxidant potential of plasma 
in GDM-women is very less as compared to healthy pregnant women [16]. An inter-
vention study suggested that intake of carotenoid supplements did not decrease the 
hydroperoxide concentration in pregnant women serum [17]. However, a substantial 
difference in oxidative stress in a 24 women group (12 suffering from GDM) values 
between newborn to untreated mothers at 2 h of life and newborns to mothers treated 
with lutein which disappeared after 48 h. The women had taken lutein supplements 
(10 mg) and zeaxanthin (2 mg), however since no placebo or randomization was 
used and due to lack of anthropometric and demographic data of participating 
women, the strength of results are not strong enough for convincing [17]. Mortality 
and morbidity ate increases due to preterm birth. Increased oxidative stress has been 
observed in premature births [18]. Premature rupture of membranes (PROM) leads 
to about 30–40% preterm birth .Further, increased status of oxidative stress bio-
markers have been observed in amniotic fluid during the development of such preg-
nancy [19]. Mothers who give birth to premature newborns, have decreased 
carotenoid serum concentrations. Increased concentration of lycopene, 
β-cryptoxanthin and α- and β-carotene decrease risk of preterm births [20]. Preterm 
birth risk depends upon the dietary pattern of pregnant mothers. Lower intake of 
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α- and β-carotene are associated with increased risk of premature births in USA [21, 
22]. Subjects fed lycopene supplements (@2 mg/day) in a randomized controlled 
trial from the first gestation trimester indicated a weak but substantial continuation 
of gestation period in subjects [12]. A diet containing carotenoids prevents preterm 
births in women [23].

Infants who are small for gestational age (SGA) are mostly hyotrophic and few 
of them are born form pregnancies with problems of intrauterine growth rate 
(IUGR). Low antioxidant potential and higher oxidative stress biomarkers are char-
acteristics of both IUGAR and SGA [24, 25]. Risk of birth of SGA babies decreases 
in mothers having increased plasma concentration of α- and β-cryptoxanthin, lutein, 
zeaxanthin and β-carotene [26]. Decreased levels of carotenoids have been detected 
in breast milk and serum of mothers giving birth to babies having IUGR [27]. 
Another study revealed that lycopene intake (@2 mg/day during 16–20 Hbd) lowers 
the incidence of happening of IUGR [12].Study has revealed that maternal carot-
enoids level or their concentration in cord blood did not influence the birth param-
eters of newborn babies [25]. These results were also confirmed in an intervention 
study (randomized placebo-controlled trial) involving β-carotene intake from first 
gestation trimester to 3rd month post-birth [28]. However, minor negative impact of 
β-carotene intake on birth weight needs further investigation [28]. Similarly oppos-
ing result of lycopene intake on prevalence of low birth weight was observed in 
another study although it was a weak study [13]. A positive correlation was found 
between β-carotene intake in 4th month of pregnancy and head perimeter at time of 
birth however no association was detected between seasonal differences in nutrients 
supplementation and birth characteristics [29].

25.2.1  �Maternal-Fetal Transfer of Carotenoids

Fetal development in terms of its vitamin A needs greatly dependent on mother 
intake during pregnancy, as the liver store of the child only lasts for a few days and 
can be speedily emptied due to abrupt strains for the development. Furthermore, the 
insufficient intake of vitamin A by the mother during pregnancy can also influence 
the postpartum supply of the child through breast milk.

Absorption and transportation of carotenoids is analogous to that of fats in 
human body. Carotenoids when absorbed from small intestine initially circulate 
through the lymphatic system, and then make a complex with the chylomicron off-
cuts in the blood system and finally transported to the liver. In liver, this combina-
tion of carotenoid and chylomicron remnants is modified, can be stored storage, or 
may be conveyed back to the blood circulation along with lipoproteins. Xanthophyll 
transportation is assisted mostly by high-density lipoprotein (HDL) and to a smaller 
extent by very low-density lipoprotein (VLDL) while carotenes are carried by low-
density lipoprotein (LDL). Association of various types of lipoproteins to carot-
enoids and the quantity and shares between their receptors in several tissues regulate 
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the changes in saturation level of various organs in carotenoids. For this reason, 
testes, liver and adrenal glands contain the largest quantity of carotene since LDL 
receptor is mainly located at these 3 places. Since central nervous system (CNS) and 
nervous tissue of eye retina are hub of HDL, therefore, xanthophylls are preferably 
transported there [22, 30, 31]. Carotenoids transportation take place by various pro-
teins like lactoglobulin and albumin [32–34].The mode of transfer, metabolism and 
exploitation of carotenoids in fetus development is still unclear. Increased concen-
tration of maternal lipoproteins during pregnancy helps uptake of carotenoids by 
placenta. Cord blood contains lipoprotein fractions in order of HDL > LDL > VLDL.

Unlike in adults, the HDL of cord blood is involved in β-carotene transport more 
than LDL (55% vs. 45%) [32–35] Animal model study suggested that administra-
tion of β-carotene controlled transcription, MTP activity and apoB thus increasing 
β-carotene transfer to placenta [36]. Vitamin A shortage reduces carotenoid levels in 
placenta which may be due to their reduced translocation to placenta [37].Optimum 
concentration of carotenoids (276 ng) and total albumin (1.42 mg) was found nearly 
20–22 Hbd in tissues of vitreous body of aborted fetuses. Carotenoids and albumin 
levels were highest during weeks 16–17 and 17 correspondingly of prenatal prog-
ress. Carotenoid quantity reduced slowly after that and by 31 week of gestation, was 
lower than detection threshold [33].

25.2.2  �Carotenoid Status in the Newborn

Carotenoid concentration in mother serum and cord blood is the key biomarker of 
carotenoid status. Majority of studies suggest that carotenoid level in newborn 
directly relies on their concentration in mother which is mostly many times lower. 
Carotenoid level in mother blood is many times higher than carotenoid quantity in 
carotenoid blood [25–27, 38–43]. Minor differences between polar carotenoids 
level in mother blood and cord blood were noted .The reason is that HDL is the 
major lipoprotein fraction in initial lifespan of fetus till 1st week post-birth of new-
born [41]. Variation in carotenoid levels especially β-carotene and other pro-vitamin 
A carotenoids between fetus and mother cannot be ascribed to restrictions in pla-
cental transport of carotenoids. Inadequate β-carotene storage capacity, transforma-
tion of β-carotene to retinol and storage of retinol esters in liver and intensive fetal 
metabolism may be potential causes of it [44, 45].

It was observed that plasma zeaxanthin of newborn and mother was linked with 
macular pigment optical density (MPOD) in infants. However, no such correlation 
existed for the main macular pigment lutein. Transformation of lutein to meso-
zeaxanthin detected in macula of retina by an immature enzyme system is reason-
able for it thus highlighting importance of zeaxanthin in macular pigment 
development in infants [27].The newborn nutritional rank relies upon the delivery 
week of newborn. It may be associated with dynamics and mechanism of fetus 
growth which is maximum during pregnancy third trimester. Examination of lutein 
and metabolite 3′-oxolutein quantity in cord blood of full-term and preterm 
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neonates suggested that lutein level peaks at start of third trimester and starts 
decreasing from 37 Hbd attaining its minimum level at 41–42 Hbd [46]. Lutein 
quantity in male newborns and newborns delivered from numerous pregnancies was 
found less [47]. Another element that reduces carotenoids concentration especially 
β-carotene in cord blood is smoking during pregnancy [38, 48, 49].

It is well-known that oxidative stress increases during child delivery. Child birth 
through planned cesarean section is associated with elevated oxidative stress 
although this experiment results are considered poor [50, 51]. No differences were 
observed in β-carotene level with regard to type of child birth [38] however declined 
lutein level was observed in cord blood of newborns delivered by cesarean sec-
tion [46].

Since infant’s eye lens is more transparent than adult, therefore their eyes are 
more vulnerable to blue light damage. Enhanced zeaxanthin and lutein consumption 
defends human eye by antioxidant and blue light filtration capacity of these carot-
enoids. β-carotene intake reduced weights of newborns in A study conducted among 
450 women from a New Zealand clinic [29]. More than 30 carotenoids in various 
forms have been reported in breast milk [52], However, 6 carotenoids including 
lutein, lycopene,α- and β-carotene, Zeaxanthin, and β-cryptoxanthin have been 
more frequently reported and detected.

Global Exploration of Human Milk study was conducted in China, USA and 
Mexico (n = 240 samples, n = 60 donors). Milk collected longitudinally in 2,4,13 
and 26 weeks postpartum from 20 women. Results indicated that β-carotene, lutein, 
lycopene and β-cryptoxanthin contents of milk are substantially linked with mater-
nal and neonatal plasma carotenoids level. Provitamin A potential of β-cryptoxanthin, 
α- and β-carotene and to some extent α-cryptoxanthin play a significant role for 
mom and neonate. Since vitamin A is needed for immune and visual development 
for which provitamin A carotenoids are key source in developing tissues. Lack of 
standardized protocols for determination of carotenoids in milk as well as reference 
values of carotenoids for each country are 2 major problems [53].

Milk composition is best guide for appraisal of infant carotenoid requirement. 
Levels of carotenoids and tocopherols were assessed in milk of 509 healthy moth-
ers. Lactation phase, regional variations and socio-economic factors were linked 
with human milk contents in health Chinese mothers [54].

25.2.3  �Carotenoids in Breast Milk

It is well-established fact that breast milk composition varies depending upon phase 
of time of day, rate of breastfeeding during the year, lactation period and time of 
single breastfeeding. It also varies from person to person, gestation week, birth 
week and rate of breast emptying. Dietary practices of lactating women influences 
nutrient concentration of breast milk including carotenoids [55–59].

Changes occur very frequently in breast milk fat and single breastfeeding phase 
and lactation phase are mainly responsible for it. Fat contents of mature milk and 
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colostrum are 4.1 g/100 mL and 2.6 g/100 mL respectively [55, 56, 58, 60]. Lutein, 
α- and β-carotene, β-cryptoxanthin, lycopene and zeaxanthin are major carotenoids 
of breast milk [53, 60–65]. Average contents of carotenoids, i.e. lycopene, 
β-cryptoxanthin, β-carotene and lutein in breast milk were 33.7, 33.8, 49.4 and 
114.4 nmol/L respectively [53]. Provitamin A carotenoids contents were 62% while 
other carotenoids accounted for less quantity [61]. The results differences of various 
studies may be due to different protocols for milk fat extraction and different units 
of milk fat expression, variations in seasons of breast milk collection and dietary 
pattern of females [53, 64, 66]. Just like fat contents, foremilk contains less carot-
enoids (by 25%) than hind milk [64]. Breast milk composition even varies within 
the same day at various times [63, 64]. Carotenoids contents decreases with dura-
tion of breastfeeding. Variations in carotenoids level can be between 82.7–91.3% 
(for lycopene) and 32.5–52.0% for zeaxanthin [53, 60, 65, 79, 85, 115]. Carotenoid 
concentration greatly decreases between 2nd and 4th week of breastfeeding but 
remains same between 4th and 16th week of breastfeeding [53, 67]. Non-provitamin 
A carotenoids (lutein and lycopene) [53] and less polar carotenes are extra prone to 
variations [60].

Dietary practices of mother greatly influences carotenoid contents of breast milk. 
Variation in breast milk composition noted in numerous studies may be due to vari-
ous dietary practices of populations scrutinized [53, 61, 17, 79]. Milk carotenoid 
concentration changes easily with dietary intake patterns.

A 3-day intervention study with intake of tomato paste or carrot paste containing 
15 mg β-carotene and lycopene respectively by 26 women led to enhanced concen-
tration of both carotenoids in milk even after first day of intervention. Optimum 
β-carotene and lycopene contents comprising 200% and 130% of initial value was 
observed in subjects after 2nd and 4th day of intervention respectively [68]. Lutein, 
β-carotene and zeaxanthin contents increased 2.6X,1.7X and 2.7X after intake of 
chlorella supplements during 16–20 Hbd [69].The carotenoids content in breast 
milk is 10 or sometimes even 20 times less than their plasma level and degree of 
association between two varies depending upon carotenoid or population investi-
gated. Differences also exist in proportion of milk carotenoids to their plasma con-
centration. A randomized placebo-controlled trial suggested that a 6 week lutein 
intake (6 or 12 mg/day) enhanced in its serum level by about 170% and 250% and 
in breast milk by 140% and 250% correspondingly. Lutein serum level amplified by 
180% and 330% in case of 6 mg/day and 12 mg/day after lutein consumption [70]. 
Serum and breast milk carotenoid ratio is variable and amounts to 560–600% for 
β-cryptoxanthin, 270–300 for α- and β-carotene and 133% for lutein. Intensive turn-
over and uptake by newborn tissues may be the reason for decreased lutein value 
[53]. Serum carotenoids contents and their composition in plasma lipoprotein is 
also observed. Variations in ratio of breast milk carotenoid to serum carotenoid with 
regard to polarity indicates that a unique mechanism operates for carotenoids trans-
fer to milk which is different from fat transfer mechanism [60]. Breast milk compo-
nents can be secreted by 5 different mechanism, including 1 para-cellular mechanism 
with assistance of tight-junction connections and 4 trans-cellular pathways (milk fat 
transport, intracellular vesicle transport, membrane pathway and transport through 
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Golgi apparatus and milk secretion via secretive cells through exocytosis) [53, 71]. 
Carotenoids transfer to breast milk may consist of preferred uptake by lipoproteins 
and intracellular transport. All kinds of lipoproteins are found in breast tissue but 
mammary alveolar epithelium cells prefer HDL fraction [53, 65, 72].

25.2.4  �Infant Feeding Method and Infant carotenoid Status

Carotenoids cannot be produced de novo in humans. Further carotenoids occur in 
traces in infant formulas, hence method of infant feeding plays a major role in deter-
mination of carotenoid level in infant [27, 67, 73]. Totally breastfed Infants possess 
superior nutritional status than mixed or artificially fed infants. Carotenoid contents 
of artificially fed infants after many months are many times less than vales noticed 
in breastfed infants and sometimes even less than detection threshold [8, 45, 70, 
73–76]. It highlights the significance of fortifying infant formulas with carotenoids 
especially lutein to boost the nutritional status of artificially fed newborn infants. 
Lutein enriched infant formulas are well-tolerated by neonates and enhance their 
dietetic level [77]. Experimental studies have established that rhesus macaques fed 
with a mixture of carotenoids-supplemented foods not only enhances the saturation 
level of lutein in brain tissue but also elevates zeaxanthin, lycopene and β-carotene 
from negligible and below detection level to substantial level thus highlighting the 
importance of lutein for developing brain increases the saturation degree [78]. It is 
important to increase lutein level 4–5 times than its level in breast milk because of 
limited bio-accessibility of lutein from infant formulations [73, 77, 79].

25.2.5  �Carotenoids and Infant Health and Development

Lot of studies suggest importance of carotenoids in infant health and growth due to 
their well-accepted health benefits and preferred uptake by breast milk and fetus 
[31, 80]. These health benefits in infants are due to their antioxidant potential and 
their role in cognitive and visual development [80, 81].

25.2.6  �Visual Development

Macular pigment consist of lutein, zeaxanthin, meso-zeaxanthin, isomers of zea-
xanthin and lutein derivatives [82]. Eye carotenoid contents are not equally distrib-
uted. Carotenoid optimum quantity is detected in central foveal region and they 
decline with growing space from fovea being 100 times less in peripheral area. 
Carotenoid contents are present in different ratios in various retinal regions eg.in 
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central foveal region zeaxanthin dominates while in peripheral region lutein domi-
nates [83–85].

Age also affects macular pigment structure and density. Infants have very less or 
undetectable mezzo-zeananthin contents and contradictory lutein:zeaxnanthin ratio 
until 2 years of age. It may be due to immaturity of enzymes responsible for trans-
formation of lutein to mezzo-zeaxnathin [27, 83–85]. Further premature infants 
have undetectable MPOD and depleted carotenoids due to decreased parental devel-
opment [86]. Infant MPOD depends upon mom carotenoid level and after birth, 
baby feeding method is important for maintaining carotenoid concentration [27]. 
Breastfed neonates have increased MPOD than artificially fed infants. Recent 
research indicates that early carotenoid exposition can be a major indicator of 
MPOD in adulthood [87, 88]. Oxidative damage is a potential threat for eye retina 
due to extreme metabolic activity, extensive vascularity and increase LC PUFA con-
centration [89]. Newborns suffer more risk of damage due to undeveloped autoregu-
lation of blood flow within the choroid and their extra permeable lens that permits 
to pass increased quantities of energetic short-wave light [90, 91].

Premature newborns are extra prone to oxidative stress which may cause prog-
ress of premature retinopathy [92]. Macular carotenoids shield retina by: (1) absorp-
tion of 40–90% of incident blue light which defends retia from photo-injuries [93]; 
(2) antioxidant potential i.e. a combination of zeaxanthin, lutein and mezo-
zeaxanthin may extinguish more singlet oxygen than separate carotenoids [94]; (3) 
neuroprotective capacity [95] and (4) anti-apoptotic and anti-inflammatory capacity 
of carotenoids [96]. Zeaxanthin and lutein also help in transfer and managing of 
visual information by: (1) increasing the gap junctional communication between 
neurons and glia [97, 98],(2) stabilizing microtubules in cytoskeleton [99]; uplifting 
visual parameters including light scattering and scoptopic noise [100]; and (4) 
involvement in oxygen consumption from foveal region [76, 101].Studies also con-
firm important part of macular carotenoids in appropriate visual and eye develop-
ment [89]. Animal studies suggest the carotenoids importance for appropriate retina 
development [102, 103].Proper cognitive development depends upon appropriate 
visual development of infants [80, 104]. Further lutein status in retina is associated 
with brain lutein contents in humans [105], primates [106] and to cognitive func-
tioning in children and old age population [107].

25.2.7  �Brain and Cognitive Development

Nervous tissues capture carotenoids especially with lutein constituting 59% of all 
carotenoids in infants while its share in adults is only 31% [78]. In brain, carot-
enoids are carotenoids are concentrated in frontal and occipital cortex, hippocam-
pus and areas linked with cognitive process. Optimum lutein contents are detected 
in cellular membranes and axon terminals of neurons, and structure of neurons’s 
cell membranes and amonal axonal projections rely upon brain areas in which they 
are present [99].Lutein functions in nervous tissue by (1) increasing intracellular 
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communications [97, 108];(2) neuroprotective potential [109]; (3) modifying cell 
membranes including their stability, fluidity, ion exchange, and oxygen diffusion 
[108];and (4) contribution in metabolic pathways of brain [110]. However another 
study did not endorse the effect of infant breastfeeding method on carotenoids con-
tents in brains of full term neonates [111]. The brains of pre-term newborns have 
decreased carotenoids level than full-term newborns [107, 111]. Studies suggest the 
importance of carotenoids in cognitive functions and their intake enhances cogni-
tive functioning in adults and elderly people [107].Current study held among 55 
exclusively breastfed infants from USA suggested that increased lutein contents in 
breastmilk of 3 months can enhance cognitive performance in infants at 6 months of 
life [112].The relationship observed can be due to lutein transport to brain through 
high density lipo-proteins (HDL) [113].

25.2.8  �Preterm Infants

Infants are extra prone to oxidative stress due to increased oxygen intrauterine envi-
ronment and extreme metabolic activity [81]. Undeveloped antioxidant defense 
mechanism, allied disorders and extensive medical mechanism make preterm new-
borns even more susceptible to oxidative damage [81]. Lutein supplementation in 
infants @ 0.28 mg at 6 and 36 h of life suggested that it can protect against oxidative 
stress by enhancing biological antioxidant system and diminishing oxidative stress 
[114]. Lutein intake is well-accepted by preterm neonates and can decrease the 
danger of occurrence of diseases linked with pre-term birth e.g. necrotizing entero-
colitis (NEC),retinopathy of prematurity (ROP) and bronchopulmonary dysplasia 
(BPA) [115].

25.2.9  �Long-Term Studies in Infants and Children

Carotenoids supplementation during pregnancy can have long lasting effects on 
infants. Study performed among moms of babies suffering from sporadic retino-
blastoma and health controls suggested that insufficient intake of fruits and vegeta-
bles and zeaxanthin and lutein derived from them can enhance the possibility of 
sporadic retinoblastoma in children [116]. Carotenoids particularly provitamin A 
can change the various parameters in progressing immune system including natural 
killer cell functions or T-cell proliferation [117]. Supplementation of mothers by 
zeaxanthin and lutein decreased the possibility of respiratory infections in 2 years 
old kids [118]. A study involving 763 mother-infants dyads in Japan suggested that 
β-carotene intake during pregnancy reduced possibility of infantile eczema but not 
wheeze [119]. A cross-sectional study was conducted well-fed, healthy kids aged 
5.75 years living in Vancouver, Canada probing lutein supplementation. Results did 
not endorse lutein importance in cognitive performance evaluated by Peabody 
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Picture Vocabulary Test (PPVT) and Kaufman Assessment Battery (KABCC-II) 
[120]. The absence of impact of lutein on cognitive function can be due to inclusion 
of well-nourished population while principal functional impact of lutein can be 
critical for those with comparative insufficiency; choice of weak biomarker (plasma 
contents) for lutein in brain and improper choice of cognitive assessments for com-
puting diet impact on brain growth [121]. Another study on 2044 healthy Dutch 
children did not confirm the supposition that lutein supplementation in initial life of 
1 year has positive effects on later anthropometrics, body measures and cardiometa-
bolic health at age of 6 years [122].

25.2.10  �Safety of Carotenoids and the Intake 
Recommendations for Pregnant Women and Infants

Although carotenoids act as antioxidant however their antioxidant potential declines 
when oxygen pressure mounts probably because of auto-oxidative processes [123]. 
This characteristic may be potential reason of reports of adverse health effects of 
increased carotenoid intake. ABTS clinical trial performed in male smokers of 
Finland indicated that increased duration (5–8 years) intake of β-carotene (@20 mg/
day) led to 18% enhancement of lung cancer incidence and an overall 8% increased 
mortality [124]. Another study indicated that this intake augmented post-trial of a 
first nonfatal myocardial infraction [125]. Some studies involving non-smokers 
however did not suggest any relationship between carotenoid intake (β-carotene @ 
50 mg/day) and increased possibility of cardiovascular mortality or morbidity [126]. 
β-carotene oxidation by cigarette smoke can be responsible for carotenoid adverse 
health effects which supported formation of toxic β-carotene oxidation products 
[127]. Carotenodermia having specific yellow discoloration of skin may also occur 
due to more lutein uptake [128]. Only 1 study suggested adverse health effects of 
lycopene intake (2 mg/day since 15.7 Hbd). No other study reveals adverse health 
effects of carotenoid consumption in pregnant women, newborns and infants 
although these studies were not long-term or used low doses of carotenoids. Since 
carotenoids are not essential nutrients so there is not any recommended dietary 
intake for any population group. However, it is being increasingly suggested that 
dietary intake recommendations should be fixed for zeaxanthin and lutein. Optimal 
lutein intake for eye health is supposed to be 6  mg/day and no toxic symptoms 
appeared in clinical trial even when intake was 3 times more than 6 mg [80]. No 
recommended intake of lutein exists for breastfeeding women or infants, however 
EFSA confirmed that lutein @ 250 μg/L is safe in infants’ formulas [128]. Diet rich 
in fruits and vegetables being carotenoid source should be suggested to pregnant 
and lactating women and infants as they have good effects on health and no toxic 
effects have been reported [30]. Complete breast-feeding upto 6 months should be 
recommended for infants and overall breastfeeding period should be at least 2 years 
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as breast milk is better carotenoid source than formula and it leads to numerous 
health results [129].

25.3  �Conclusions

Epidemiological, interventional, clinical, animal and human studies strongly sug-
gest relationship between sufficient carotenoid intake, from fruits and vegetables or 
from supplements and formulas and decreased chances of age-related decline of 
cognitive performance and chronic disease. However, no strong relationship has yet 
been confirmed between carotenoid intake and decrease risk of pregnancy and allied 
disorders. Even studies exist which suggest inverse relationship between beneficial 
effects of carotenoid intake and pregnancy problems. Since most of RCT studies 
were small and biased therefore further research is needed in this area. Lutein is one 
of most-researched carotenoid for its beneficial effects. Its sufficient intake during 
neonatal period is of vital importance due to its antioxidant and anti-inflammatory 
activities and its role in development of nervous and vision system. In initial life 
phases, visual stimuli are necessary factors for brain development cognitive pro-
cesses of child. As most infant formulas lack carotenoids, therefore carotenoid level 
of newborns and infants relies upon the nutritional status of mother and her breast-
feeding method. Zeaxanthin and lutein role in development of visual and nervous 
systems has been observed only in animal models. Further studies are required to 
establish role of carotenoid in newborn, infant, child and pregnant women health.

Funding  This research was funded by the Deanship of Scientific Research at 
Princess Nourah bint Abdurrahman University through the Fast-track Research 
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