Calcium and iron nutrition through the reproductive lifecourse
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Abstract
Background:  Two essential micronutrients over the lifecourse are calcium and iron, and both are especially important during the reproductive cycle. The role of calcium in maternal and offspring bone health, and in the prevention of pre-eclampsia in pregnancy, are well described, although results from randomised controlled trials (RCT) for both outcomes vary. Iron is essential for synthesis of red blood cells, being a core component of haemoglobin, which carries oxygen around the body, and hence is key in the prevention of anaemia and sequelae.
Summary: This article reviews the evidence across the reproductive lifecourse for dietary calcium and iron intakes and health outcomes. For calcium, focusing on bone health and prevention of pre-eclampsia, for iron considering its crucial role in fetal and neonatal development and how requirements may be impacted through inflammation and infection, particularly in environments where iron availability may be low.
Key messages:
· Calcium and iron are essential micronutrients for health throughout the lifecourse
· Rapid growth during adolescence, and meeting increased requirements during pregnancy and lactation are particular periods to ensure adequate intakes
· A healthy dietary pattern, good dietary diversity and quality should ensure adequate intake
· It is important to not assume that ‘one size fits all’ in terms of dietary requirements and to create population specific guidance



Introduction
Life course reproductive health 
In girls and women requirements for micronutrients change during adolescence and adult life,  due to rapid growth, the start of menses, pregnancy, lactation and menopause.  It is well documented that the pattern of childhood and adolescent growth is a critical influence on future health, including risk of non-communicable diseases (NCDs) such as osteoporosis and cardiometabolic disease.  Data from prospective birth cohorts with long-term health outcomes such as the MRC National Survey for Health and Development, have made it possible to study in more detail growth, pubertal timing, menopause, changing dietary patterns and consequences, for healthy ageing and prevention of chronic diseases (1, 2)(1, 2).  From such studies, we can conclude that changes in diet and lifestyle, whether natural or via intervention that impact the timing of puberty, or the speed at which growth proceeds and weight is gained, may change later risk of developing non-communicable disease risk (Figure 1). Far fewer data are available from low- and middle-income countries (LMIC) where the projected rise in NCDs is greatest (3)(3).
Two essential micronutrients over the lifecourse are calcium and iron, and both are especially important during the reproductive cycle. Although iron is the 4th most abundant element on earth, and calcium the 5th, functional nutritional deficiencies of both are relatively common worldwide. Calcium is a primary bone-forming mineral and has many other functions throughout the body.  Its role in bone health, and in pre-eclampsia prevention in pregnancy, are well described, although results from randomised controlled trials (RCT) for both outcomes vary. Iron is essential for synthesis of red blood cells, being a core component of haemoglobin, which carries oxygen around the body, and hence is key in the prevention of anaemia and sequelae. It is also crucial for the healthy development of neural and immune cells in the fetus and young infant. The aim of this chapter is to discuss the role of both micronutrients in maintaining health at different stagesvarious stages of the reproductive cycle, i.e. pre-conception, pregnancy and lactation. Emphasis will be placed on what is known in resource-poor settings, where extremely low dietary calcium intakes are common, and where anaemia is a key challenge for public health.  

Calcium
Dietary calcium intakes around the world
Dietary calcium intakes vary considerably between populations and between individuals within populations. Major sources of calcium are milks from domesticated animals (cow, sheep, goat, buffalo, camel) and dairy products made from these milks.  Some commercial foods are fortified with calcium either by mandate, such as white flour in the UK, or added voluntarily by manufacturers to increase the nutritional content of their products. In countries where dairy and fortified products are available and popular, population average intakes are generally moderate or high, although intakes between individuals can vary up to 10-fold, typically in the range 200-2000 mgCa/d.  In countries where dairy or fortified products are not readily available or are not part of the local cuisine, dietary calcium is provided in comparatively lower amounts by a wide range of foods and condiments, such as certain cereals, green leaves, nuts, seeds and small fish eaten with bones. Average calcium intakes are much lower in these populations and can be less than 400 mgCa/d in some LMIC in Africa and Asia (Figure1)(4).   
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Figure 1: Global dietary intakes in adults across the globe. Showing clearly the wide variance in dietary intakes, and where data are lacking. (4) Reproduced under CC-BY-NC license Balk et al., Osteoporos Int (2017) 28:3315-3324

Bone health and metabolism
Bone is a dynamic organ with deposition of bone during growth and with constant repair and replacement of old bone with new (bone turnover) throughout life.  This requires an adequate calcium supply to acquire and maintain bone mineral. The process of bone turnover is also essential for the maintenance of serum calcium concentrations.  A key concept when interpreting the effects of increasing calcium intake is the ‘bone remodelling transient’.  This is a response to an increase in dietary calcium intake (through supplementation or diet) whereby bone turnover rate decreases due to lower demand for release of calcium from bone. This slowing of bone turnover means there is a measured increase in bone mineral density (BMD).  After stopping the intervention, bone turnover rates return to pre-supplementation levels, and the increase in BMD is not sustained. 
The assessment of mineral in bone in girls and women uses radiographic (X-ray) methods, most commonly, dual energy X-ray absorptiometry (DXA). This low radiation dose method is used to measure areal bone mineral density (aBMD g/cm2) and calculate bone mineral content (BMC, grams (g)) in the scanned bone area. Direct studies of changes during the reproductive cycle using DXA of the spine, hip and whole-body have been largely restricted to comparing measurements made preconception and postpartum, to avoid scanning the fetus. Measures of the peripheral skeleton (arms and legs) using the alternative low-radiation dose methods, peripheral quantitative computed tomography (pQCT) and high-resolution peripheral quantitative computed tomography (HRpQCT), provide an option to study skeletal adaptation during pregnancy.  In contrast to DXA, these provide a measure of volumetric BMD (vBMD g/cm3), bone architecture and strength in a cross-section of the scanned bone. 
Osteoporosis is a quantitative loss of bone tissue, whereas rickets and osteomalacia are qualitative defects of bone, creating a softening of bones. Rickets affects growth plate and bone development during infancy and early childhood, and in osteomalacia cortical bone sites are affected.  

Bone growth and development pre-conception
During childhood, the skeleton grows in length, width and continuously accrues bone mineral. This proceeds at a steady rate until the pubertal growth spurt when acceleration in all three processes occurs. During the growth spurt, girls gain 30 to 40 percent of their peak bone mass; the addition of mineral to the skeleton continues after cessation of longitudinal growth into early adulthood.  During puberty, girls, unlike boys, gain bone mineral on the inner surfaces of bone. This mineral is considered to be a source of calcium laid down for the demands of pregnancy and lactation, and is lost during menopause.
Calcium is the most abundant mineral in bone, but the evidence for an association between dietary calcium intake and bone growth and development is weak, even in populations where calcium intakes are lowest.  There are few RCT which have found sustained benefits of calcium supplementation during childhood and adolescence once the intervention ceases, particularly where the supplement was a calcium salt rather than dairy products (5-13)(4-12). For calcium salt supplementation many of the reported increases in BMD are considered to be a bone remodelling transient. Other studies suggest that calcium supplementation advances puberty such that differences in measured BMD reflect promotion of skeletal growth rather than a net increase in bone mineralisation (14, 15)(13, 14). Some, but not all, trials of dairy sources of calcium have shown a sustained increase in BMD, possibly through the provision of extra protein in combination with calcium, although few of these studies had sufficiently long follow-up periods to confirm these findings (5-7, 16)(4-6, 15). There is also some evidence that childhood growth and bone development may be influenced by calcium supplementation of the mother during pregnancy.  This is discussed in a later section.
Most calcium supplementation studies have been conducted in populations with adequate daily dietary calcium intakes (see Table 1). It may be reasonable to expect that interventions to increase calcium intake in children and adolescents with extremely low dietary supply may be more beneficial to bone, also that there will be lasting effects.  However, studies from LMICs also report initial increases in BMD due to the intervention that were lost after the intervention stopped (3, 8, 13, 17-19)(3, 7, 8, 16-18) or that affected the timing of the pubertal growth spurt (3, 15)(12, 13). 
As well as impacting the accrual of bone tissue and hence BMC, very low calcium intakes may predispose children to rickets, and adolescents and women to osteomalacia, especially if combined with poor vitamin D status and deficiencies of other nutrients such as iron (20, 21)(19, 20). Nutritional rickets is major cause of morbidity and mortality in children across the globe. Often rickets and/or osteomalacia exist at a sub-clinical level with general muscle weakness, fatigue and non-specific bone pain (20, 21)(19, 20).  Untreated it can leave children with lasting limb deformity and disability. If they progress in the presence of prolonged vitamin D deficiency and low calcium intakes, then symptoms progress and become severe, including pseudofractures, seizures, cardiomyopathy and death.   Around the world, nutritional rickets remains an issue, particularly in at-risk groups living in countries at extremes of latitude, where vitamin D status can be poor due to limited ultraviolet light exposure from sunlight. It also is common in LMICs, where malnutrition, pollution, poverty and lack of outside space are common (20)(19).  Rickets and osteomalacia can lead to obstructive labour in pregnancy due to poor pelvic growth as well as poor growth immediate health risks for children and adolescents.

Calcium requirements during pregnancy and lactation 
Pregnancy is associated with increased calcium demands due to alterations in calcium and bone metabolism which cause temporal changes in skeletal bone mineral to meet fetal calcium requirements. The accrual of calcium into the fetal skeleton rises from 50mg/day at 20 weeks gestation to 330 mg/day at 35 weeks gestation. To facilitate this, bone turnover increases by 50–200%, and maternal intestinal calcium absorption efficiency and urinary calcium excretion are elevated (Figure 2). These metabolic changes precede the increased requirement for calcium and appear to be independent of dietary calcium intake. 
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Figure 2: Schematic illustration contrasting calcium homeostasis in human pregnancy and lactation, as compared to normal. The thickness of the arrows indicates a relative increase or decrease with respect to the normal and pre-pregnancy state. Although not illustrated, the serum total) calcium Is decreased during pregnancy whereas the ionized calcium remains normal during both pregnancy and lactation.  Source (22).

Studies of changes in maternal bone in women, mostly in high income countries, in whomwhere measurements were made before conception and after delivery have demonstrated reductions in BMC (between 3-7%) (23). These changes are sufficient to make a sizeable contribution to maternal and fetal calcium economy (23, 24)(21, 22). Although there may be differences in the adaptive processes in pregnancy dependent on habitual pre-conception calcium intake, there is no evidence that a higher calcium intake is required during pregnancy for fetal growth or bone mineralisation (23, 25)(21, 23). 
During lactation, the average daily secretion of calcium in breast milk is around 200 mg, but varies considerably between individuals and between populations (22, 26)(24, 25). This represents approximately 25% of average calcium intakes in many higher income countries (Figure 1) and more than 50% of average intakes of those in LMIC. In lactation, calcium absorption efficiency returns to normal, but there is evidence of renal conservation of calcium in some populations. Bone turnover continues to be elevated and differences in the timing of the skeletal response favour the release of calcium from the skeleton during early lactation, with restitution during and after weaning. Striking reductions in BMC are seen after 3–6 months of lactation, particularly in axial regions of the skeleton, such as the lumbar spine and femoral neck, where decreases average 3–5%) (23)(21).
Lactation-associated reductions and consequent recovery of BMC are remarkable given that the rate of bone loss is 2-5 times faster than that found in postmenopausal bone loss which is typically 1–3% per year. Lactational amenorrhoea, the length of lactation, and other aspects of infant-feeding behaviour influence the magnitude and temporal pattern of the skeletal response experienced by breast-feeding women. The outcome following lactation appears to be similar irrespective of duration of lactation and to match that of women who did not breast-fed.  Most particularly, evidence from trials and observational studies have shown that both breast-milk calcium concentration and the extent of the lactational bone changes are independent of maternal calcium intake during lactation (23)(21). There is, however, evidence from a trial in The Gambia, where calcium intakes are low, that maternal calcium supplementation during pregnancy may accentuate bone mobilisation in the following lactation and that this may not be fully restored after lactation, with deficits still measurable after 5 years (27, 28)(26, 27). This trial also demonstrated effects of the pregnancy calcium supplement on growth, bone development and blood pressure of the offspring during childhood and adolescence that differed between girls and boys (29, 30)(28, 29).  In girls, the effect was to change the pattern of growth, especially during the pubertal growth spurt, and to reduce blood pressure (29)(28). 
	The mechanisms underlying the effects of pregnancy and lactation on calcium and bone metabolism are not fully understood. However, the evidence indicates that neither maternal, fetal or infant bone mineralisation, nor breast-milk calcium concentration are dependent on maternal calcium intake. Consequently, it is no longer considered necessary for a woman to increase her calcium intake during pregnancy and lactation, and this is reflected in current dietary recommendations, for example by the Department of Health (UK), the Institute of Medicine Food and Nutrition Board (NAS) (US/Canada) and the European Food Standards Agency (European Union) Table 1. In addition, no convincing protective or deleterious link between fracture risk in later life and either pregnancy or lactation has been shown in retrospective studies where women self-report the number of pregnancies and lactation periods during their reproductive lives (23)(21) . 

Calcium for prevention of pre-eclampsia
Low calcium intake has been associated with an increased risk of pre-eclampsia (23, 31, 32)(21, 30, 31). Consequently, The World Health Organization recommends women in populations with a low calcium intake to take high-dose calcium supplements (1500-2000 mgCa/d) during pregnancy to reduce the risk of pre-eclampsia and its complications (33)(32).  These benefits have also been observed with supplementation at lower doses (<1000mgCa/d) (34)(33). No assessments of maternal skeletal health were made in these trials, nor on long-term consequences of supplementation on maternal or offspring blood pressure and skeletal health.  The RCT in Gambian mothers with low calcium intakes described above, demonstrated that 1500 mgCa/d taken from 20 weeks of pregnancy to term, had no apparent effect on maternal blood pressure (35)(add Goldberg 2013). However, as discussed earlier, the effect of the pregnancy supplement was to accentuate the metabolic and skeletal changes in lactation and reduce post-lactational bone mineral recovery and to affect offspring blood pressure, growth and bone development that differed between the sexes. The long-term health consequences for the mother and offspring are unknown to date. However, these data show the importance of follow-up studies when considering pregnancy calcium supplementation, which may have lasting long-term and intergenerational effects. 

Challenges to bone health during reproductive life
There are many challenges to bone health in addition to, or in combination with, low dietary calcium intake that may affect maternal and offspring calcium and bone metabolism, that may impact osteoporosis and fragility fractures in later life (36, 37)(34, 35). 

HIV 
The success of anti-retroviral therapy (ART), often initiated during growth, or in pregnancy as prophylaxis for prevention of mother to child transmission of HIV, presents a potential challenge to the skeleton during the reproductive cycle.  The impact of initiation of tenofovir-based therapy, the most commonly usedmost used ART therapy in LMIC, in previously ART-naive women has been investigated in cohort studies in Uganda and South Africa of women living with HIV compared to those without HIV. In a cohort of non-pregnant, non-lactating (NPNL) South African women, detriments in BMD were evident after ART initiation at the lumber spine, hip and whole body after 12-24 months, independent of the accompanying weight changes (38, 39)(36, 37). The bone loss was 2-4% over 1-2 years, which is double that seen during early menopause. A study in NPNL Ugandan women that aimed to determine the impact of ART combined with contraceptive use (depo medoxyprogesterone acetate DMPA-IM) showed that those taking ART plus DMPA-IM had double the bone loss of women taking ART without DMPA-IM (37)(35). Losses of up to 4% per year were seen, again higher than that during menopause.  Such bone loss, and subsequent demands placed on the skeleton, are likely to lead to compromised bone health during pregnancy and lactation, and to increased bone fragility in later life.  In a Ugandan cohort where ART was initiated during pregnancy, bone loss during lactation was observed in both those living with HIV/ART and those without HIV but was greatest at the hip in women living with HIV/ART with only partial recovery at 3 months post-lactation (40, 41)(38) (39). The participants in these African studies had adequate vitamin D status but were likely to have low calcium intakes. The extent to which diet and lifestyle might ameliorate the response to ART initiation before or during the reproductive cycle is unknown (40)(38).  
Pregnancy associated osteoporosis
Pregnancy-associated osteoporosis with consequent fragility fractures is a rare bone disease (42)(40) Vertebral fractures are most common and are often multiple and are a key presenting feature of pregnancy-associated osteoporosis.  Other low trauma fractures also include hip, humerus, tibia, and foot.  The condition occurs more frequently in the first pregnancy or early in the following lactation, and usually resolves spontaneously, making treatment difficult. The causes are unknown; genetic and common osteoporosis risk factors are likely contributors. There is no evidence that osteoporosis of pregnancy and lactation is a consequence of nutrient deficiencies or that it can be prevented by changes in diet and lifestyle, though ensuring adequate dietary intakes of calcium and other nutrients such as vitamin D is appropriate in those diagnosed with the condition (42)(40).

Table 1: Dietary reference values for females for calcium (mg/d) recommended by UK, US/Canadian and European Union expert committees.
	United Kingdoma
	
	US/Canadab
	
	European Unionc

	Lifestage
	Girls
	
	Lifestage
	Girls
	
	Lifestage
	
	Girls

	Children
	
	
	
	
	
	
	
	

	0-6 mo
	525
	
	0-6 mo$
	200
	
	0-6 mo^
	-
	-

	7-12 mo
	525
	
	6-12 mo$
	260
	
	7-11 mo¶
	
	280

	1-3 y
	350
	
	1-3 y
	700
	
	1-3 y
	
	450

	4-6 y
	450
	
	4-8 y
	1000
	
	4-10 y
	
	800

	7-10 y
	550
	
	
	
	
	
	
	

	11-14 y
	800
	
	9-13 y
	1300
	
	11-17 y
	
	1150

	15-18 y
	800
	
	14-18 y
	1300
	
	18-24 y
	
	1000

	Adults
	
	
	
	
	
	
	
	

	19-50 y
	700
	
	19-50 y
	1000
	
	≥25 y
	
	950

	50+ y
	700
	
	51-70 y
	1200
	
	
	
	

	
	
	
	>70 y
	1200
	
	
	
	

	Pregnancy
	+0
	
	Pregnancy
	+0
	
	Pregnancy
	
	+0

	Lactation*
	+550*
	
	Lactation
	+0
	
	
	
	+0


a Reference Nutrient Intake, developed and published by the Committee on the Medical Aspects of Food Policy199 and re-evaluated and endorsed in 1998; b Recommended Dietary Allowance (except $Adequate Intake), developed and published by the Institute of Medicine 2011;c Population Reference Intake (except ^ no DRV was established for 0-6mo and ¶Adequate Intake), developed and published by the European Food Safety Authority 2015; * Lactation for 0-4 months and >4 months; indicated in 1998 that the increment “may not be necessary”. mo – months, y -– years; NB Upper limits are only available for women of child-bearing age, in the USA  pregnancy, lactation, adolescence 3000 mg/d; 2500 for adult women of  child-bearing age; EFSA: 2500 mg/d for pregnancy, lactation, adolescence, adult women 

(Modified from: Prentice A. (43)Sex differences in requirements for micronutrients across the life course. Proc Nutr Soc 2021; 80: 356-364.)

Iron

Sources of dietary iron
Dietary iron comes in two main forms; haem iron in animal products (especially red meat) and non-haem iron in vegetables, pulses and grains (Table Fe12). Both forms are primarily absorbed in the duodenum where the rate of absorption (particularly of non-haem iron) is carefully regulated because iron is toxic in excess and there is no physiological mechanism for secreting excess iron. Absorption is regulated by hepcidin; the hormone that acts as the master regulator of iron metabolism. Hepcidin inhibits iron absorption when iron status is high and/or in the presence of infection and inflammation (44)(41). In unhealthy environments infection and inflammation can have a greater impact on iron status than the iron content of the diets. Furthermore, if hepcidin is up-regulated by infection it will also inhibit iron absorption from supplements. These regulatory processes that alter iron absorption are important when considering iron needs throughout the reproductive cycle in humans.
Many sources of non-haem iron contain anti-nutrients (such as phytates) that bind iron and make it harder to absorb. In general, only about 5-30% of dietary iron is absorbed. Absorption can be improved by co-ingesting non-haem iron with good sources of vitamin C. 

Table 2: Good dietary sources of iron
	Meats
	Seafood
	Vegetables
	Fruits
	Other foods

	Liver (+ offal)
	Shellfish
	Spinach
	Figs
	Eggs

	Beef
	Shrimp
	Kale
	Dates
	Lentils

	Chicken
	Sardines
	Green leaves
	Raisins
	Fortified cereals

	Pork
	Mackerel
	Sweet potato
	Prunes
	Fortified flour

	Venison
	Tuna
	Broccoli
	Dried fruit
	Molasses

	Lamb
	Dark fish
	Green beans
	Watermelon
	Maple syrup


The World Health Organisation’s recommended intakes for iron make allowances for the different bioavailability of iron in varied diets (Table Fe22). It is hard to estimate the bioavailability for iron but a general rule is that diets containing a higher proportion of animal products will have a bioavailability in the range 10-15% and plant-based diets will be at 5-10%.

Table 3: WHO’s recommended nutrient intakes for iron for females. Reproduced from: WHO/FAO. Vitamin and mineral requirements in human nutrition. 1998.
	The recommended nutrient intakes (RNIs) for iron for different dietary iron bioavailabilities (mg/day)

	Group
	Age
	Mean body weight
	Recommended nutrient intake (mg/day) for a dietary iron bioavailability of

	
	
	
	15%
	12%
	10%
	5%

	Infants and children
	0.5-1
1-3
4-6
6-10
	9
13
19
28
	6.2a
3.9
4.2
5.9
	7.7 a
4.8
5.3
7.4
	9.3a
5.8
6.3
8.9
	18.6 a
11.6
12.6
17.8

	Females
	11-14 b
11-14
15-17
18+
	46
46
56
62
	9.3
21.8
20.7
19.6
	11.7
27.7
25.8
24.5
	14.9
32.7
31.0
29.4
	28.0
65.4
62.0
58.8

	Postmenopausal
	
	62
	7.5
	9.4
	11.3
	22.6

	Lactating
	
	62
	10.0
	12.5
	15.0
	30.0


a Bioavailability of dietary iron during this period varies greatly; 
b Pre-menarche; NB Upper limits are only available for women of childbearing age: USA 45 mg/day; EFSA 40 mg/day.
Assessment of iron status
There are many possible diagnostic tests for iron status and iron deficiency some of which require advanced technologies (eg soluble transferrin receptor, erythrocyte or reticulocyte haemoglobin). In field studies iron status is generally assessed by measuring circulating ferritin levels. WHO recommend cut-offs of ferritin <15 µg/L if CRP <5 mg/L or ferritin <30 µg/L if CRP >5 mg/L.(45)
Iron requirements for adolescent girls
Except for blood donation or trauma (including post-partum haemorrhage), menstruation is the only circumstance in which iron is lost from the body to any significant degree. Thus, adolescent girls have higher iron needs than boys (see the rows for girls 10-14 and 15-17y in Table Fe23) and there is a higher prevalence of low ferritin levels in adolescent girls.
Few countries recommend universal iron supplementation for adolescent girls, but India is a notable exception where the Weekly Iron and Folate Supplementation programme (WIFS) (46)(https://india.unfpa.org/sites/default/files/resource-pdf/wifs-_faqs.pdf) represents one of the largest supplementation initiatives worldwide . Although girls are the primary target the WIFS programme is given to boys as well.

Iron requirements for pregnant women
During pregnancy the mother expands her blood volume and red cell mass, and creates the fetus and other new tissues (uterus, placenta, breast tissue). Despite the fact that these new tissues require iron, Table Fe23 does not recommend a higher iron requirement. This is because the cessation of menstruation offsets the additional needs of pregnancy.
Nonetheless, WHO and most countries recommend that pregnant mothers should receive iron and folic acid (47)(42). The WHO recommendation is for daily oral iron and folic acid supplementation with 30 mg to 60 mg of elemental iron and 400 µg (0.4 mg) folic acid to prevent maternal anaemia, puerperal sepsis, low birth weight, and preterm birth. This is based on a meta-analysis showing that iron supplements have an important effect of maternal anaemia (48, 49)(43, 44) which in turn is an important contributor to maternal deaths from haemorrhage.
The fetus accrues most of its iron late in gestation with fetal liver iron levels doubling in the last 3 weeks thus putting premature babies at risk of iron deficiency. For this reason many countries recommend routine iron supplementation for premature babies starting at about 2 weeks after birth.

Iron requirements for lactating women
Breastmilk contains very little iron and, at least in early lactation, most women will remain amenorrheic so the mother’s daily iron requirements are estimated to be lower than in her normal non-pregnant, non-lactating state (see Table Fe23).
The low iron content of breastmilk is thought by some to have evolved to help reduce the risk of infection in young babies; breastmilk iron is also bound to lactoferrin which enhances its absorption. An alternative hypothesis is that it has arisen after humans moved fronm hunter-getherer diets with likely high iron intakes to cereal based diets with much lower iron intakes. Breastmilk iron is bound to lactoferrin which enhances its absorption but dDespite this, and even though babies are born with a high endowment of liver iron bound in ferritin, fully breastfed babies rapidly become iron depleted (as assessed by serum iron levels) and haemoglobin levels decline (50)(45). Consequently, many countries recommend that babies should receive supplementation from 4 months (earlier for premature babies as mentioned above).

Conclusion
Calcium and iron are essential micronutrients throughout life, and particularly during reproductive years. At different stages of life dietary requirements alter, with demand being greatest during the adolescent growth spurt and onset of menses in females. Being able to meet the increased demands placed on the mother during pregnancy and lactation, is essential to ensure healthy fetal and infant growth.   Population representative data are lacking, particularly in resource-poor settings whether malnutrition remains a challenge. Understanding context specific requirements for both nutrients is important, and a ‘one size fits all’ approach to dietary requirements should not be assumed.
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