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The reported concentrations of iron and copper in breast milk show a wide variation. Research published
over the past 50 y has reported median values of 0.47 and 0.32 mg/L for iron and copper, respectively.
The levels of both metals decrease with the progress of lactation. The calculated iron-to-copper ratio of
reported means differs from 0.25 to 6.29 (medi@anl.18). Maternal constitutional variables such as
undernutrition, iron and copper body reserves, stage of lactation, adolescent motherhood, gestation length,
and infection and environmental variables such as iron and copper dietary intake, in addition to
supplementation, smoking, vegetarianism, and prolonged use of hormonal contraceptives before and
during lactation did not consistently affect the concentrations of iron and copper in breast milk. Extreme
cases of either low or high levels of body metal availability or altered metabolism due to chelating therapy
or illnesses such as Wilson’s disease and infections did not affect metal transfer from blood serum to
breast milk. There is no clinical or scientific support for the need of extra iron or copper, besides the
quantities provided by milk in the full-term breast-fed infant, at least during the first 6 iNatrition
2000;16:209-220. ©Elsevier Science Inc. 2000
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INTRODUCTION CONSTITUTIONAL FACTORS

When considering changing mineral concentrations in breast milk,Prematurity
any deviations from the central measurement trend can have im- ) ) o ]
portant consequences on the understanding of infant nutritionT he results of studies dealing with iron and copper levels in breast
requirements and infant formula recommendations. In recognitionmilk as a function of gestation length are inconsistent. Preterm
of this, it is important to account for the factors thought to Milk iron concentration may be significantly highéthan or may
modulate the secretion of trace elements in human milk. Iron andb€ not significantly different than that of full-term mi#:°Also,
copper concentrations in human milk are considered below thareterm milk copper concentrations may be significantly higher,
necessary to meet the infant's requirements for growth and devellower? or no different from the concentrations of full-term
opment. It is believed that the newborn’s needs are met mainly byMilk.8212-13Actually, in both preterm and term milk, the range of
reserves accumulated during fetal development, especially duringneans of iron and copper concentrations are comparable (Table I).
the last trimester of pregnanéy. herefore, the high demands of_ the_ preterm neonate are not p_hys-
The interest in the variation of iron and copper concentration in iologically related to a systematic difference in maternal secretion
human milk stems mainly from the assumption that breast-milk Of these trace elements due to length of gestation.
composition naturally reflects the full-term infant’'s nutrient re-
quirements. In the case of iron, it is believed that some of the
bacteriostatic properties of human milk are associated with levels\iaternal Conditions of Altered Iron and Copper Metabolism
and/or bioavailability of this element in breast milk. In vivo and in
vitro studies have demonstrated that breast milk protects againsthe maternal iron reserves do not seem to play a significant role in
pediatric pathogens, with iron as a key factor in breast milk's breast-milk iron concentrations. Several studies have not found
bacteriostatic properti€st There is evidence that iron is a deter- milk iron to be correlated with the number of pregnanéiess
mining factor in fecal flora colonization. The presence of added Celada et at* showed that, despite lower iron stores with in-
iron in a formula changed the profile of the fecal flora further away creased number of pregnancies, the iron concentration in breast
from that of the breast-fed batyDespite the fact that iron refer- milk is independent of serum ferritin or transferrin saturation.
ence values in breast milk are considered low, sometimes theThere was no significant difference in the iron content of breast
reference value of 0.6—0.9 mg Fé/is higher than commonly  milk from mothers with deficiency, overload, or normal iron
reported. statust?.18 Maternal iron deficiency accompanied by serum iron
The secretion of iron and copper in breast milk has beenconcentrations of 0.34 mg/L when compared with maternal serum
investigated with regard to constitutional (undernutrition, body concentrations of 2.35 mg Fe/L showed comparable milk iron
reserves, stage of lactation, adolescent motherhood, gestationabncentrationd? Chelating therapy with desferrixoamine in lac-
length, infection, or iron and copper metabolism disorders) andtating mothers wittg-thalassemia major does not alter iron excre-
environmental (cultural diversities, elemental supplementation,tion in breast milkt® Iron supplementation of anemic mothers,
iron and copper dietary intake, vegetarianism, smoking, and pro-which significantly increased blood concentrations of the metal,
longed use of hormonal contraceptives) factors. These studies ardid not affect milk iron concentratior?8:21 Contrary to these
discussed in this review. studies, Fransséhreported that severely anemic Indian mothers
(<80 mg hemoglobin/L) had total breast-milk iron concentrations
(1.4 mg/L) higher than those from mothers with higher hemoglo-
bin levels. The same investigatdtsalso reported a significant
Correspondence to: Jose G. Dorea, PhD, Department of Nutrition, C.Pinverse relation between iron concentration in milk and maternal
04322, Universidade de Brasilia, 70910-970 Brasilia, DF, Brazil. hemoglobin levels.
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TABLE I.

SUMMARY OF STUDIES THAT HAVE REPORTED IRON AND COPPER CONCENTRATIONS (MG/KG OR MG/L) IN TERM AND PRETERM MILK

Reference Country Fe Cu Stage of lactation, condition
Agget et altoo UK 0.31 0.34 119 d, preterm
Alkanani et al® us 0.44 7 d, term
0.59 7 d, preterm
Friel et allot Canada 0.85 7 d, term
0.85 7 d, preterm
0.82 14 d, term
0.82 14 d, preterm
0.82 21 d, term
0.77 21 d, preterm
0.79 28 d, term
0.80 28 d, preterm
0.75 35d, term
0.74 35 d, preterm
0.77 42 d, term
0.76 42 d, preterm
0.74 49 d, term
0.75 49 d, preterm
0.77 56 d, term
0.70 56 d, preterm
0.69 94 d, term
0.66 94 d, preterm
Aquilio et al12 Italy 0.27 2-6 d, term
0.26 12-16 d, term
0.26 21d, term
0.25 2-6 d, preterm
0.25 12-16 d, preterm
0.25 21 d, preterm

Atinmo and Omolold Nigeria 1.05 0.54 1 wk, preterm
0.84 0.33 1-2 wk, preterm
0.49 0.31 1-2 wk, term
0.78 0.30 8 wk, preterm
0.56 0.34 1 wk, term
0.43 0.27 8 wk, term
Jirapinyo et ak3 Thailand 0.42 28 d, preterm
0.42 7-28 d, term
Lemons et af® UK 0.08 7-56 d, preterm
0.04 7-56 d, term
Mendelson et &. Canada 1.11 0.72 3-5d, term
1.10 0.83 3-5d, preterm
0.99 0.73 8-10 d, term
0.99 0.78 8-10 d, preterm
0.81 0.57 15-17 d, term
0.93 0.75 15-17 d, preterm
0.88 0.58 28-30 d, term
0.90 0.63 28-30 d, preterm
Moran et alto2 us 0.59 7 d, preterm
0.52 14 d, preterm
0.38 21 d, preterm
0.36 28 d, preterm
0.29 35 d, preterm
0.23 42 d, preterm
0.27 49 d, preterm
1.04 6-10 d, term
0.51 15 d-15 mo, term
Perrone et &t Italy 0.49 0.62 1 wk, term
0.61 0.54 1 wk, preterm
0.36 0.46 2 wk, term
0.65 0.57 2 wk, preterm
0.58 0.62 3 wk, term
0.54 0.47 3 wk, preterm
0.38 0.32 4 wk, term
0.52 0.25 4 wk, preterm
Sann et akt France 0.63 6 d, preterm
0.67 6 d, term
0.72 7-14 d, preterm
0.63 7-14 d, term
0.81 >15 d, preterm
0.48 >15 d, term
Trugo et alt® Brazil 1.04 1-5 d, term
0.86 1-5 d, preterm
0.90 6-36 d, term
0.69 6-36 d, preterm
Valentine et alo3 us 0.28 3-23 d, gestation age28 wk

Cu, copper; Fe, iron.
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FIG. 1. Distribution of reported means of iron concentrations in human FIG. 2. Distribution of reported means of copper concentrations in human
milk. milk.

. . The iron and copper secretion in breast milk may be specific
! 0,
Serum copper is bound (82.8-99.9%) to ceruloplasfriut |because it does not appear to depend on total mineral mass changes

does not seem to influence the mammary-gland uptake of copper.

. -t 2 human milk. Even on a dry matter is, the iron concentration
In extreme cases of altered copper metabolism, no change in milk uma en on a dry matter basis, the iron concentrations

43
copper concentrations seems to occur. In the absence of seruy 2y vary from 10 to 25 mg/kg-“* and copper from 1.7 1o 5.9

42,44 i i i
ceruloplasmin and in the presence of high plasma copper concenr-ng/kg' Total mineral mass, or milk ash, is reported to vary

0, 045—-48 il i
trations, as in Wilson's disease, fetal tissues showed elevate rom 0.15% to 0.28%; with the exception of Vaughan et

1e39 findi 0, 0
copper level$? but no exceptional milk copper concentration was i/lbit ofilrt]l‘(?(lenrgT]Sing]real.tl ;?g:;tgdcgﬂuﬁ:etéeé\;vgaelzil}rﬁif d ar;](cj)sl.;c?rﬁ)'s
observed® Bunke et ak® showed that, in one case of Wilson's P phosp

—209
disease, mean concentration of milk copper was 0.20 mg/L, with athat together can reach 15-20% of the total &dron and copper

> o h
serum-o-mik copper molr rao of 43 Ao n saons of ST 55 e U o U o, e mesen cobber
illness that significantly increased serum copper, no significant 8 . . .

change was seen in milk copper concentratiinBven intrave- mo of lactation. During this same period, total ash does not seem

7,50 I i i
nous infusion of copper in postpartum women, which raised thetO change:% The concentrations of iron and copper in breast

h P : -~milk may*s or may noté be significantly correlated.
serum copper, did not S|gn|f|_cantly increase _the copper 'e"‘?' N The ?j/istributio)?ls of iron gnd copp):er in breast-milk fractions
colostrum?8 One study showing significant differences in milk

. ; : occur independently. Studies have shown that iron is bound prin-
g%%?f?éa?::%i?e?jrzggswc?riyngtnCc?;; |§tent. Kirsten é@akported cipally to low-molecular-weight peptides (18-56%), fat globules
: — 0, i — 0%3,51-53 i -
For iron or copper, the serum-to-milk ratio is always higher on Eellt?)ior?%ﬁ)égggelr?iﬁ(ggrrigs‘ S‘%gm 4222'4?0 120;2 Qme:agogggrS;tSL{
,20,21,30-3 i I 3 . . ) ) L L.
wﬁeegrthog trquwﬁlf-(tecr)?sr?rum ratio%}c))(f ?r%tnlnbgaczﬁe?sf ﬁ%ﬁéﬁ:ﬁ;@a’ tribution in breast milk may reach 15-20% in the lipid lag@p;*->>

theless, the secretion mechanism operating in the mammary glanéggt;tnuig'es rg?gii siQO;YSrIOt?oalznze:gl%%l;sarﬁl%iltﬁznsdergg cg;per-
does not seem to be influenced by serum metal concentrations o. 0—25% %ferhe total milk CODDSE.S57 y cary
either iron or copper. 0 pper:

Although maternal copper deficiency during gestation may lead
to birth defects, it has been speculated that teratogenesis in exper-
imental diabetes may also be related to maternal copper deficien- 40—
cy .34 However, Butte et & found no significant differences in
milk copper concentrations between diabetic and non-diabetic
mothers.
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Stage of Lactation

The changes in human milk composition that accompany lactation
differ for iron and copper (Figs. 1-3). In several studies there was
no correlation between the two elements in breast 3if€.The
significant decrease in copper concentration with length of lacta-
tion (Tables I-V) also occurred for irdhits.16.33.37.3¢A few stud-
ies20.39.40however, showed no significant decrease in milk iron.
The reason for such discrepancies is not well understood and may l_—‘ l_l

Distribution
N
2

104

be due in part to differences in study design because, during ' ‘ ' ' ! '
gradual weaning, iron decreases to concentrations ranging from 0.5 1.0 15 20 _2'5 3.0
0.03 to 0.05 mg/ml4t Postpartum iron and copper serum levels Iron:copper ratios

show a gradual return to prepregnancy levels, but the significant
correlation reported between serum and milk copper concentra-
tions is not seen between serum and milk iron concentra#ons. FIG. 3. Distribution of calculated iron:copper ratios in human milk.
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TABLE 11

SUMMARY OF STUDIES THAT HAVE REPORTED IRON AND COPPER CONCENTRATIONS (MG/KG OR MG/L) IN MILK OF MOTHERS
TAKING IRON OR COPPER SUPPLEMENTATION

Reference Country Fe Cu Stage of lactation, condition
Arnaud et ak° Nigeria 0.27 0.58 5 d, control
0.28 0.55 5 d, Fe supplemented
0.24 0.19 90 d, control
0.23 0.21 90 d, Fe supplemented
0.22 0.18 180 d, control
0.24 0.21 180 d, Fe supplemented
Keizer et al’3 Canada 0.22 28 d, folic acid (300 mg/d)
0.25 56 d, folic acid (300 mg/d)
0.19 84 d, folic acid (300 mg/d)
Murray et alt” Niger 1.20 2 wk, normal
1.12 2 wk, Fe deficient
1.16 2 wk, Fe supplemented
0.30 5 mo
Munch-Petersef Sweden 0.54 Foremilk
0.55 Hindmilk
Salmenpera et &f. Finland 0.34 Colostrum, 2-4 mg Cu/d
0.12 9 mo, 2-4 mg Cu/d
Zapata et al? Brazil 1.02 1-2 d, control
0.99 1-2 d, Fe supplemented
0.75 30-40 d, control
0.79 30-40 d, Fe supplemented
0.56 90-100 d, control
Zavaleta et at! Peru 0.9 2 d, anemi¢ Fe treatment
0.8 2 d, non-anemic
0.4 30 d, anemie- Fe treatment
0.4 30 d, nonanemic

Cu, copper; Fe, iron.

Major metal-carrier protein decreases as lactation progressesas vegetarianisi#® or between races within the same country—
However, whereas lactoferrin decreased, total iron concentratiore.g., Bantu versus white women in South Affit@nd Chinese
in milk was unaffecte&? Breast-milk ceruloplasmin decreases in versus Malay versus Indian women in Malay8iaproduced no
the first month of lactatiof$-5° but to date no study has demon- significant differences in milk iron and copper concentrations. The
strated its role in milk copper concentration. exception was the work of Lipsman et7alwho reported signifi-
Despite significant differences in fat content between fore- andcantly lower milk copper in Hispanic mothers than in non-
hindmilk®® and significant correlation between iron and fat in Hispanic white mothers in the United States. Comparing two
milk,>* the difference in total iron between fore- and hindmilk djfferent cultures with distinct dietary habits and food ingredients
mayPt or may not? be statistically significant. Balance studies sych as Nepal and the United States showed that Nepalese mothers
have shown a direct correlation between copper and fat in feces of54 a significantly higher copper intake and a significantly lower
very-low-birth-weight infant$? However, no significant differ- jon intake than did American mothers. Despite such opposite
ences between fore- and hindmilk copper concentrations could b§ends in mineral intake, no significant difference was found in
foundzs.c064 milk iron and copper concentrations between Nepalese and Amer-
ican mother$2 However, Fransson et &l.reported a significant
difference between milk copper concentrations in Ethipian and

Mat | Dietarv Intake of | dc Studies in several countries also did not show significant effects
aternal Dietary Intaxe of fron and L.opper of supplementation on milk metal concentrations. Supplementing

Based on animal studies it has been prop&sgthat maternal iron to mothers in Braz#72 and in the United Statésduring
iron and copper intake could increase iron content of milk. How- €ither pregnancy or lactatiort> did not affect milk iron con-

ever, there is no evidence that this situation can also occur incentrations. Zapata et @.reported that the breast milk of
humans. Despite the complex interactions related to different en-mothers supplemented with 40 mg iron/d had higher total iron-
vironmental and dietary habits or simple mineral supplementation,binding capacity but no significant difference in total milk iron
increased iron and copper intakes do not affect their concentrationgoncentration. Daily supplementation of 100 mg iron in the last
in milk. 6 mo of pregnancy also did not change milk iron or copper

No significant correlation was found between iron and copper concentrations in Nigerian mothetsFurther, 200 mg/d supple-
dietary intake and their concentrations in breast filiSeveral mental iron had no effect on milk copper concentratighseen-
studies have shown similar milk iron and copper concentrationsage mothers who took folic acitland mineral® supplements also
when comparing maternal iron and copper intakes between coundid not show significant differences in milk iron and copper
tries and cultures. Different dietary habits in the same culture, suchconcentrations.
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TABLE Il1.

SUMMARY IRON AND COPPER CONCENTRATIONS (MG/KG OR MGI/L) IN MILK OF MOTHERS IN STUDIES THAT HAVE COMPARED
COUNTRIES, REGIONS, AND RACES

Reference Country Fe Cu Stage of lactation, condition
Belavady©4 India 0.48 <1 mo
0.28 1-3 mo
0.21 4-6 mo
0.17 7-12 mo
us 0.21 0.24 6-12 wk
Dang et akos India 0.51 3-5 d, mid income
0.61 3-5d, low income
0.46 4-6 wk, mid income
0.41 4-6 wk, low income
Dang et af4 India 0.27 NG, tribal
0.91 NG, urban
Fransson et &l Ethiopia 0.47 0.37 Non-priviledged
0.46 0.17 Priviledged
Sweden 0.50 0.61 NG
Lipsman et af? us 0.23 Hispanic
0.28 Non-Hispanic
Loh and Sinnathurdy Malaysia 0.82 2 d, Chinese
1.11 2 d, Indian
1.16 2 d, Malay
Moser et ab? us 0.27 2-6 mo, American
0.22 2-6 mo, Nepalese
Parr et alos Guatemala 0.35 0.26 3 mo
Hungary 0.36 0.20 3 mo
Nigeria 0.52 0.28 3 mo
Philippines 0.72 0.31 3 mo
Sweden 0.45 0.18 3 mo
Zaire 0.56 0.20 3 mo
Rajalakshimi and Srikanti&’ India 0.29 1-3 mo, urban
0.29 1-3 mo, rural
0.21 4-6 mo, urban
0.21 4-6 mo, rural
0.17 7-12 mo, urban
0.17 7-12 mo, rural
0.16 >13 mo, urban
0.15 >13 mo, rural
Villalpando et alto8 Mexico 0.19 0.23 4 mo
0.16 0.26 6 mo
us 0.16 0.28 4 mo
0.15 0.26 6 mo

Cu, copper; Fe, iron; NG, not given.

Studies in Ethiopi& and Indid* have claimed a significant Gambi&” and the United State’.Copper metabolism altered by
difference in milk copper between socioeconomic groups of lac- smoking increased copper in the placental cytosolic fraction and
tating women. Milk copper concentrations of 0.91 and 0.27 mg/L amniotic fluid but did not affect milk coppé&p-81
were reported for two groups of poverty-stricken lactating wom-
en’s The same study also reported that malnourished babies were
fed breast milk with lower concentrations of trace elements (Cop- Oral Contraceptives
per included). However, most studies have shown that maternal
dietary copper intake does not affect milk copp&?é.7>.76_ow (2 Since the inception of oral contraceptives (OCs), there have been
mg/d) or high (4 mg/d) copper supplementation during lactation studies of its effects on lactation and milk composit#hese
had no significant effect on milk copper concentration. Oral coppercontraceptives are basically the combination (progestogen plus
supplementation (2 mg/d) significantly raised serum copper but didestrogen) and progestogen-only (minipill or injectable progester-
not affect milk copper concentratidA.Nepalese mothers with a one) pills. However, hormonal therapy for control of fertility has
higher intake of copper had lower serum copper than did Americanundergone considerable change. Formulas for a combined pill have
mothers2 but had similar milk copper levels. shown a decline in both progestogen and estrogen, with substan-

It is clear by now that iron and copper body reserves do nottially more changes in the former. Progestogen levels also have
modulate metal transfer from blood serum to milk. Although been changed in both minipills and injectable form@s.
calcium may impair iron absorption, long-term use of calcium  The use of OC seems to affect mineral metabok88erum
supplementation had no effect on iron stores of lactating women iniron and copper metabolism are affected by long-term OCGt&e.
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TABLE IV.

SUMMARY OF STUDIES THAT HAVE REPORTED IRON AND COPPER CONCENTRATIONS (MG/KG OR MG/L) IN MILK OF MOTHERS
UNDER CONDITIONS OF ALTERED METABOLISM

Reference Country Fe Cu Stage of lactation, condition
Bunke et ak® Germany 0.20 10 wk, Wilson’s disease
Butte et aB® us 0.22 0.26 73-115 d, diabetic mothers
0.18 0.28 NG, control
Coni et al?”® Italy 0.98 0.37 2 mo, rural non-smokers
0.91 0.36 2 mo, rural smokers
0.56 0.41 2 mo, urban non-smokers
0.69 0.45 2 mo, urban smokers
Cumming et ak° Australia 0.1 0.39 8-16 wk, OC usefsnon-users
Dorea and MiazaRp Brazil 0.59 0.25 Controls
0.42 0.21 Controls
0.48 0.25 Before OC, combination pill
0.67 0.24 After OC, combination pill
0.51 0.25 Before OC, minipill
0.46 0.24 After OC, minipill
Franssof? India 14 NG, hemoglobir<80 g/L
0.60 NG, hemoglobin 80-110 g/L
0.60 NG, hemoglobin-110 g/L
Sweden 0.50 NG, hemoglobin 120 g/L
Ethiopia 0.50 NG, hemoglobin 135 g/L
0.50 NG, hemoglobin 135 g/L
Hunt et al109 Australia 0.66 Monoclyne therapy
Imamurd?8 Japan 0.68 1-3 d, normal
0.73 1-3 d, anemic
0.76 1-3 d, toxemic
0.69 1-3 d, treated anemic
0.68 5-7 d, normal
0.68 5-7 d, anemic
0.73 5-7 d, toxemic
0.64 5-7 d, treated anemic
0.55 30-40 d, normal
0.58 30-40 d, anemic
0.59 30-40 d, toxemic
0.56 30-40 d, treated anemic
Keizer et ako Canada 0.22 4 wk, folate placebo
0.26 8 wk, folate+ placebo
0.19 12 wk, folatet+ placebo
Kirksey et al’s us 0.45 0.46 3 d, OC before pregnancy
0.49 0.40 14 d, OC before pregnancy
0.55 0.33 3d,noOC
0.52 0.36 14 d, no OC
Kirsten et afe4 South Africa 0.53 3 d, multipara
0.40 3 d, primipara
0.58 7 d, multipara
0.51 7 d, primipara
0.40 6 wk, multipara
0.41 6 wk, primipara
0.33 12 wk, multipara
0.35 12 wk, primipara
0.44 24 wk, multipara
0.40 24 wk, primipara
0.31 36 wk, multipara
0.18 36 wk, primipara
Lipsman et af? us 3.10 0.33 30 d, teen age
2.17 0.29 60 d, teen age
2.45 0.27 90 d, teen age
2.25 0.25 120 d, teen age
2.11 0.22 150 d, teen age
2.12 0.23 180 d, teen age
0.41 0.33 30 d, adult
0.30 0.26 60 d, adult
0.40 0.33 90 d, adult
0.33 0.26 120 d, adult
0.28 0.22 150 d, adult
0.24 0.20 180 d, adult
0.23 0.17 210 d, adult

(Continued
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TABLE IV.

SUMMARY OF STUDIES THAT HAVE REPORTED IRON AND COPPER CONCENTRATIONS (MG/KG OR MG/L) IN MILK OF MOTHERS
UNDER CONDITIONS OF ALTERED METABOLISM Continueq

Reference Country Fe Cu Stage of lactation, condition
Lonnerdal et ak” Peru 0.50 0.66 1d,ill
0.37 0.44 24, il
0.38 0.46 14.d, ill
0.55 0.68 1 d, control
0.35 0.50 2 d, control
0.47 0.46 14 d, control
Maeda et al10 Japan 2.19 1 wk, primipara
2.11 1 mo, multipara
1.38 1 wk, primipara
1.32 1 mo, multipara
Milnerowicz and Slowinsk& Poland 0.30 3 d, passive smokers
0.27 3 d, active smokers
Ruz et alt11 Chile 0.74 0.81 4, 8, 12 mo, control
0.75 0.82 4, 8, 12 mo, undernourished
Surbek et al® Switzerland 0.04 5 dB-thalassemia major
0.58 9 d,B-thalassemia major
0.27 11 wk,B-thalassemia major
Van der Elst et a#? South Africa 0.59 3 wk, control
0.53 3 wk, thin mothers
0.67 4-7 d, control
0.42 20-60 d, thin mothers
Zavaleta et at12 Peru 0.42 0.24 1d,ill
0.36 0.27 24, il
0.33 0.26 14 d, ill
0.31 0.29 1 d, control
0.31 0.28 2 d, control
0.36 0.27 14 d, control

Cu, copper; Fe, iron; NG, not given; OC, oral contraceptive.

In women, contraceptives containing estrogens increased bodyn the child during the first 6 mo of lactation. The neonate is born
copper los%-87 without affecting its absorptio??8° The use of  with hepatic reserves of iron and copper to balance the low
hormonal contraceptives had a marked effect on iron metab®lism concentrations of these elements in human filluring the first
and a reduction in menstrual blood |&3s. 4 mo, the mineral intake of the breast-fed infant decreases signif-
There are numerous studies of the effects of hormonal contraicantly 24 However, the efficiency of utilization of iron and copper
ceptives on lactation and milk composition, but very little infor- derived from fetal reserves and high bioavailability in breast
mation on the effects of iron and copper in breast rflkS milk®> adequately support growth and development in the breast-
Kirksey et al’s studied the effects of OC taken over long periods fed term infant. Despite both decreasing iron and copper concen-
before lactation and found no significant effects on iron and coppertrations and intakes as lactation progresses, body stores of these
concentrations in milk but did find a lower concentration of copper metals are satisfactory for breast-fed babies when compared with
in serum of women who took OC before pregnancy. In Australia, formula-fed babie85-°7 Nevertheless, calcium concentrations
Cumming et ak° reported that the use of progestin-only (30 within the range of reported median valéiegnay decrease iron
levonergestrel or 35.g norethisterone/d) during lactation had no absorption from breast mif# In premature babies, such interac-
effect on either serum or milk metal (Fe and Cu) concentrations.tions should be of concern when using human milk fortifiers. One
They studied only five mothers and employed simple mean com-study with a 4-mo-old preterm infant using such fortifiers showed
parisons, without taking into consideration the maternal constitu-that a negative zinc balance was associated with negative copper
tional variables that may affect lactation and milk components. balance but not with irof?
Besides, progestogens are less likely to interfere with lactétion,
and their effects on mineral metabolism are not as marked as those
of estrogen83 Despite reports of urinafy and swed&® copper CONCLUSIONS
losses due to OC use, Dorea and Mia2&a#id not find significant
differences in copper and iron in serum or milk during the rela- The mechanisms governing the transfer of iron and copper from
tively short duration of the study (Table II). blood to breast milk are not fully understood, but they do not seem
to depend on either maternal iron and copper intake or maternal
metal reserves. Irrespective of factors that affect maternal iron and
INFANT SUSCEPTIBILITY TO VARIATION IN MILK copper metabolism such as OC use, smoking, or infections, there
IRON AND COPPER is no evidence that the milk concentrations of these metals are
affected. Also, specific maternal conditions that markedly alter
Despite the wide variation in the median concentrations of iron iron (anemia-thalassemia major) and copper (Wilson’s disease)
(0.04-1.92 mg/L) and copper (0.03-2.19 mg/L) in breast milk, metabolism have no significant influence on milk iron and copper
there is no proven risk of nutritional deficiencies of these elementsconcentrations. The infant requirements for iron and copper are
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TABLE V.

SUMMARY OF STUDIES THAT HAVE MEASURED IRON AND COPPER CONCENTRATIONS (MG/KG OR MG/L) IN BLOOD SERUM AND
MILK FROM MOTHERS IN DIFFERENT PARTS OF THE WORLD

Fe Cu

Reference Country Min Med Max Min Med Max Stage of lactation
Arnaud and Faviég3 France 0.31 0.79 1.01 1.11 1-5d
Arpadjan and Stojano¥# Bulgaria 0.56 1.60 NG
Balmer and Whartdn UK 0.80 NG
Benemaryia et alts Burundi 0.08 0.28 0.59 2d
Bhatia and Rassi#¢ us 0.30 2—-4 wk
Brattef1? Germany 0.77 0.90 3 wk
Burguera et at8 Venezuela 0.09 0.20 0.64 0.20 0.53 1.15 1-30d
Butte et al94 us 0.16 0.18 0.24 0.27 0.28 0.36 1-4 mo
Butte and Callowait® us 0.80 0.30 1 mo
Carias et al20 Venezuela 0.68 0.74 0.84 0.18 0.21 0.25 1 d-6 mo
Carrion et al2t Venezuela 0.22 0.74 0.30 0.78 3-21d
Casey?2 New Zealand 0.72 0.40 4-10d
Casey et al® us 0.22 0.62 7 d-5 mo
Casey et al23 us 0.41 0.60 7 d-5 mo
Cavell and Widdowso¥#4 UK 0.59 0.62 1 wk
Celada et at* Spain 0.39 10d
Clemente et al?5 Italy 15 2-3 mo
Dang et al26 India 0.18 0.27 0.34
Dauncey et at2’ UK 0.31 0.41 Pooled
Davidsson et a128 us 0.14 2-10 mo
Dempster et al2® South Africa 0.54 7d
Dewey and Lonnerda us 0.20 0.22 0.31 0.20 0.24 0.36 1-6 mo
Dewey et aft30 us 0.17 0.20 0.27 0.15 0.17 0.23 4-20 mo
Donangelo et a3 Brazil 0.42 0.73 1.23 1-280d
Dorea et af° Brazil 0.78 NG
Dorner et al3t Germany 0.43 0.83 NG
Durrand and Wark? UK 0.28 1.92 0.08 1.14 NG
Ehrenkrantz et ai33 us 0.29
Feeley et al? us 0.76 0.85 0.96 0.84 0.93 1.04 4-45d
Fransson and Lonnerdal us 0.41 1-80 wk
Fransson and Lonnerdal us 0.39 0.32 2-4 mo
Fransson and Lonnerdal Sweden 0.27 NG
Hambidgés4 us 0.29 0.49 1.19 2 d-6 mo
Hallberg et aP® Sweden 0.45
Harzer et al3s Germany 0.35 0.50 5-36 d
Hibberd et aft36 Germany 0.34 0.40 0.44 1-36d
Higashi et al3” Japan 0.22 0.44 0.45 1 wk—=5 mo
Hirai et al53 Japan 0.42 0.64 0.67 1-60 d
Hurgoiu and Caseaft® Rumania 0.31 0.45 0.5 7-30d
Itriago et alt3® Venezuela 0.37 0.38 0.49 0.47 0.50 0.52 3-21d
lyengar et ak4 Germany 0.24 NG
Jochum et af4t Germany 0.27 4 mo
Kirsten et ak® South Africa 0.24 0.38 0.57 3-252d
Koksal et alté Turkey 0.21 0.32 0.72 0.15 0.25 0.59 2-40 wk
Krachler et al42 Austria 1.0 1.6 3.7 42-60 d
Lauber and Reinhard® Ivory Coast 0.54 0.55 0.90 0.13 0.14 0.44 1-18 mo
Li et al144 0.67 6-9d
Lin et al145 Taiwan 0.09 0.21 0.27 0.09 0.27 0.39 1 d-12 mo
Lonnerdal et a4 us 0.6 1.0 0.3 0.6 Colostrum

0.2 0.4 0.2 0.3 Mature milk
Mandic et al*47 Croatia 0.31 0.37 0.59 <10—>60 d
Matsuda et at4® Japan 0.20 0.27 0.44 2 wk—6 mo
Mbofung and Atinmé#® Nigeria 0.29 0.52 0.26 0.54 NG
McMillan et al® us 0.69 NG
Murthy and Rhe#© us 0.84 0.24 Pooled
Nagraté Pakistan 0.26 0.28 0.43 1-12 mo
Nassi et akst Italy 0.36 0.37 0.41 0.29 0.35 0.36 1-15d
Neville et all52 us 0.19 53-120d

(Continued
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SUMMARY OF STUDIES THAT HAVE MEASURED IRON AND COPPER CONCENTRATIONS (MG/KG OR MG/L) IN BLOOD SERUM AND
MILK FROM MOTHERS IN DIFFERENT PARTS OF THE WORLDGontinued

Fe Cu
Reference Country Min Med Max Min Med Max Stage of lactation
Ohtake and Tamu#a3 Japan 0.19 0.29 0.39 1-201d
Oski et alt54 us 0.76 Pooled
Palma et at5s us 0.3 0.7 0.28 0.78 0-240d
Picciané?! us 0.24 0.34 0.42 0.18 0.19 0.20 2-5 mo
Picciano and Guthrie® us 0.20 0.24 6-12 wk
Picciano et at?? us 0.33 0.37 0.41 0.20 0.21 0.21 1-3 mo
Rana et als8 Pakistan 1.7 0.27 2-6d
Richmond et al5® UK 0.83 0.32 3 mo
Robberecht et &f° Burundi 0.08 0.28 0.59 2-10d
Rossipal et at5t Austria 0.15 0.24 0.55 1-293d
Rydzewska and Kré$2 Poland 0.47 0.60 NG
Sachde and Bun#g®# Germany 0.58 0.77 NG
Saner and Yuzbaisy&h Turkey 0.23 0.58 1-3 mo
Schulz-Lell et alte4 Germany 0.44 0.84 NG, 2300 samples
Schamel et al%s Germany 0.38 0.34 0.37 NG
Silva et all66 Brazil 0.56 0.26 1-6 mo
Sharda et a1’ India 0.10 0.21 0.41 2 &6 mo
Shaws8 UK 0.28 0.49 0.52 2 wk—6 mo
Siimes et ab” Finland 0.30 0.56 0.5-5 mo
Stolley et aké Germany 0.36 0.48 0.62 0.30 0.46 0.67 1-3 wk
Simmer et alé® Bangladesh 0.12 0.19 0.24 1-12 mo
Vaughan et até us 0.38 0.42 0.49 0.24 0.29 0.43 1-31 mo
Vuori et al®” Finland 0.29 0.40 0.21 0.36 6-22 wk
Vuori et al170 Finland 0.25 0.60 2-30 wk
Vuori and Kuituneat Finland 0.17 0.32 0.60 2-37 wk
Williams et alt72 us 0.8 NG
Wooten et ab? us 0.60 1 wk
Yamamoto et al’3 Japan 0.29 0.40 0.56 0.18 0.32 0.64 3 d-13 mo
Yoshinaga et al74 Japan 0.69 Colostrum

Cu, copper; Fe, iron; Max, maximum; Med, medium; Min, minimum; NG, not given.

met in part by liver reserves of these metals. The low levels of iron
and copper in milk are important for the bacteriostatic properties of
human milk and do not pose a risk to the nutritional status of these
metals in the breast-fed term infant, at least during the first 6 mo

of life.
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