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Dietary copper intake in artificially fed infants
S SALIM, J FARQUHARSON, G C ARNEIL, F COCKBURN, G I FORBES, R W LOGAN,
J C SHERLOCK, AND T S WILSON

Department of Child Health, University of Glasgow*

SUMMARY Plasma concentrations of copper and zinc and leucocyte concentrations of zinc were

measured in mothers during later pregnancy, at delivery, and 8-10 weeks after birth, and plasma
concentrations of copper and zinc were measured in their infants at delivery and 8-10 weeks after
birth. The 145 infants were either breast fed or fed one of two milk formulas supplying copper at
different concentrations. None of the infants achieved the minimum copper intakes recom-

mended by the World Health Organisation (WHO). At 2 months of age there were no major
differences in growth or health detected in infants fed the different copper intakes. Infant birth
weight correlated well with the ratio of maternal venous plasma zinc:maternal leucocyte zinc at
delivery. Maternal venous plasma copper and zinc concentrations at birth correlated with
umbilical venous plasma copper and zinc concentrations. Infants fed the higher copper content
formulas had a low mean plasma zinc concentration without a significant increase in the mean
plasma copper concentration. The present WHO recommendations regarding minimum copper
intakes for infants fed formulas cannot be achieved with currently available formulas and are

probably wrong.

During 1979 a survey of 131 infants born in Glasgow
was made to investigate their dietary intakes of lead,
and it was found that most of the dietary lead
ingested by bottle fed infants came from tap water. 1
Further analyses of a subsample, comprising 41 of
the infants, showed that 37 (90%) had intakes of
copper below the World Health Organisation
(WHO)/Food and Agricultural Organisation re-
commended safe minimum intake of 1-26 itmol
(80 jig)/kg body weight per day and 33 (80%)
were below the recommended absolute minimum of
0-94 jimol (60 [tg)/kg body weight per day. A
smaller proportion of the zinc intakes were also
below recommended concentrations. In view of this
it was decided to give the initial priority to a study of
copper intakes. The purpose of the investigation
now described was to examine the plasma concen-
trations of copper in the mothers during later
pregnancy, at delivery, and 8-10 weeks later, and in
the infants at delivery and 8-10 weeks after birth.

*For the Glasgow Copper Intake Study Group: TS Wilson,
(chairman), JC Sherlock (director of study). Members: G Chittick,
HT McIntosh, R Paterson, AP Robertson, S Salim, A Vardag,
W Daoud, GI Forbes, A Green, W Richards, GC Arneil,
F Cockburn, RW Logan, RT Leslie, EM Gibb, MM Miller, J Scott,
J Farquharson, F MacMillan, J Warren, A Burrell, S Davis.

These infants were either breast fed or fed one of
two milk formulas supplying copper at different
concentrations, one at the upper end of the range of
normal concentration and the other at the lower end
of the range. The relation between the type of milk
and growth and the effect of the type of milk on the
concentrations of plasma copper and zinc are
examined.

Patients and methods

Mothers and infants. Mothers attending prenatal
clinics in a large housing scheme and in the Queen
Mother's Maternity Hospital, Glasgow, volunteered
to take part after a full explanation of the aims of the
study.
One hundred and four infants born at term with a

normal birth weight (>2500 g) and 41 low birth-
weight (<2500 g) infants completed the study.
Infants within each group were randomly allocated
to a 'low copper' or 'high copper' formula except
when the mother chose to breast feed her infant.
These data, gender, birth weights, gestational ages,
and feeding groups are shown in Table 1. The
gestational age range of the low birthweight infants
was 32-40 weeks. The birth weights of seven low
birthweight infants lay between the 10th and 20th
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Dietary copper intake in artificially fed infants 1069

Table 1 Clinical details ofgroups oflow (<2500 g) and normal (>2500 g) birthweight infants fed human milk or high or
low copper milk formula

Sex Grolup

Breasifed Lou copper High copper

n Mean (SD) Range n Mean (SD) Range n Meatn (SD) Range

Normal birthweight infants
Birth weight (g) M 14 3885(593) 3240-500(0 23 3494(388) 280(X-4380) 14 3522(325) 2910-412(0

F 20 3511(361) 2610-4280 18 3340 (371) 2560-422(0 15 3550 (457) 2900-470(0
Gestation (wks) M 14 4)-5 (0-8) 4(4-2 23 40)0(0)8) 38-41 14 39-9 (1.0) 37-42

F 2(0 39-8 (0-8) 38-41 18 39 8 (0(9) 37-41 15 40-1 (0-5) 39-42
Low birthweight infants
Birth weight (g) M 4 2145 (488) 180(-2499 6 2054 (455) 1430-246(0 10 2246 (182) 1940-249(0

F 4 2250(195) 1970-2450 1() 2228 (293) 155(-2490 7 2152(371) 149(-2499
Gestation (wks) M 4 38-5 (2-4) 35-4( 6 35-9 (2-5) 33-40 10 36.6 (2-0) 33-4(

F 4 36-8 (3-4) 32-40 10 36-8 (2-5) 33-40 7 37-3 (2-9) 33-40

centiles for Scottish infants,2 and the remaining 34
were below the 10th centile.
Of the three boys in the group between the 10th

and 20 centiles, two were in the high copper group
and one in the low copper group. Of the four girls in
this centile group, one was in the high copper group,
two in the low copper group, and one was breast
fed. None of the infants required assisted ventilation
or suffered appreciable neonatal disease that might
have interfered with early weight gain. From birth
onwards the infants were fed on demand until
satisfied.
During a period of seven days preceding the 8-10

week blood samples, the mother kept a diary
recording the volumes of infant formula consumed
during each day. The postconceptional ages during
which the dietary intakes were recorded ranged
from 40 to 49 weeks (median 47-8 weeks) and the
postnatal ages from 8 to 10 weeks (median 9-2
weeks).

Milks. The low copper milk was an Ostermilk
Complete Formula (Farley Health Products) in
standard use until 1983, containing 05 ,mol/l
(3 ,ug/100 ml) of copper. The high copper milk was
the same basic formula but with a copper content of
6-3 ismol/l (40 ,ug/100 ml), which has been available
since 1983.
The zinc concentration in both formulas was 78

,umol/l (510 [tg/100 ml). Analysis of the mature
human milk obtained by manual expression at 6 to 9
weeks from mothers of 29 normal birthweight and
seven low birthweight infants gave a mean copper
concentration of 5-8 imol/l (37 [g/100 ml) and
a mean zinc concentration of 27-1 iimol/l (177 [ig/
100 ml).

Samples for analyses. Venous blood samples were

obtained from mothers at 28 weeks' gestation, at the

birth of the infant, and at 8-10 weeks after the
birth. A heel prick blood sample was obtained from
the infant 8-10 weeks after birth. Where practic-
able, samples of cord blood and amniotic fluid were
also collected. Blood samples were analysed for
plasma copper and plasma and leucocyte zinc
concentrations. Infant hair was obtained at 8-10
weeks for determination of copper content. Amnio-
tic fluid was centrifuged immediately after collection
and the supernatant later analysed for total copper
and total zinc concentrations.

Biochemical analysis. Plasma copper and zinc analy-
ses were performed using atomic absorption equip-
ment by the procedure detailed in a previous
publication.3

In the case of copper, within and between batch
coefficients of variation at a plasma concentration of
3-4 imol/l were 8-6% and 10%, respectively. At a
concentration of 13-4 ,imol/l the corresponding
figures were 2-9% and 3-5%. The sensitivity of the
method for 95% confidence limits was 0-3 imol/l. In
the case of zinc, the intrabatch and interbatch
coefficients of variation were 9-8% and 11-4% at
4-4 .tmol/l and 3% and 3-8% at 19-2 lmol/l, and
sensitivity of the method was 0 5 itmol/l.
For measurements of both copper and zinc,

quality control was effected by incorporating speci-
mens from the Guildford quality control scheme in
each batch of assays. No analysis was accepted
where the result for control serum samples differed
by more than one standard deviation from the
mean.
Whole blood was employed for measurement of

lead. Preparation of leucocyte pellets for determina-
tion of zinc was undertaken, using lithium heparin-
ised venous whole blood, dextran separation of leu-
cocytes, centrifugation, and repeated washing. The
protein determination was by the Lowry technique.
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Analysis of hair copper was by atomic absorption
spectrophotometry, which was also employed for
the determination of the copper and zinc concentra-
tions in breast milk and amniotic fluid.

Growth measurements. Accurate measurements of
weight, length, arm circumference, occipitofrontal
circumference, and subscapular and triceps skinfold
thicknesses were obtained at birth and at 8-10 weeks
after birth. Crown-heel length was measured using a

Holtain neonatometer, infants were weighed on

standard beam scales, occipitofrontal circumfer-
ences and mid-arm circumferences were measured
to the succeeding millimetre using a paper tape, and
skinfold thicknesses were measured using Holtain
callipers (British Indicators Ltd).

Results

Infants of low birth weight and on the low copper
diet ingested 0.08 [tmol (4-9 [tg)/kg body weight per

day of copper, while those on the high copper diet
ingested 1-02 itmol (65 [ig)/kg body weight per day.
In the normal birthweight infants the corresponding
values for those fed the low and high copper diets
were 0*07 itmol (4-4 [tg)/kg body weight per day and
0*92 [tmol (58 [ig)/kg body weight per day.

Breast milk analyses showed that the breast fed
infants took in 0*58 ,tmol (37 j,g) of copper and 2-71
,umol (177 ,ug) of zinc for every 100 ml ingested,
giving a copper:zinc ratio in the breast fed infants
diet of 0.21. The copper:zinc ratio for infants fed
low copper formula was 0-006 and for those fed the
high copper formula was 0-08.

Concentrations of copper and zinc in the venous

blood plasma from the mothers at 28 weeks'
gestation, at birth, and at 8-10 weeks after birth,

together with concentrations in the umbilical venous
plasma and infant capillary plasma at 8-10 weeks
after birth are shown in Table 2. There was no
significant correlation between copper or zinc con-
centrations measured in the three maternal plasma
samples. There was a significant correlation be-
tween copper concentrations in maternal plasma
taken at the time of birth and in the umbilical
venous plasma. Zinc concentrations showed a simi-
lar correlation. The appropriate values for plasma
copper concentrations were r=0-31 and p<0001
and for plasma zinc concentrations were r=0-17 and
p<0.001.
The mean plasma zinc concentrations in maternal

blood were not significantly different between 28
weeks' gestation and delivery but increased signifi-
cantly after the birth of the infant. Similarly, the
mean plasma copper concentration in maternal
blood at 28 weeks' gestation and at birth were not
significantly different, but after birth the concentra-
tions fell to normal values. Concentrations of copper
and zinc in the infant's plasma 8-10 weeks after birth
did not correlate with any of the other measure-
ments of copper and zinc.
Amniotic fluid copper concentrations obtained

from six low birthweight infant deliveries ranged
from 1*6 to 16.5 (mean (SD) -8 5 (6.3)) jmol/l and
zinc from 1.5 to 14-2 (7-3 (4-7)) j,mol/l. Values for
copper obtained from amniotic fluid samples from
24 normal birthweight infants ranged from 0.5 to
14-0 (3.2 (3.7)) jmol/l and for zinc from 0.3 to 30-6
(8-6 (9-0)) jmol/l.

All plasma copper and zinc concentrations dis-
played essentially normal distributions. In the case
of amniotic fluid, copper and zinc concentrations
and leucocyte zinc concentrations log-normal
distributions obtained.

Table 2 Concentrations ofzinc and copper in maternal venous bloodplasma at28 weeks' gestation, at birth, and at 8-10
weeks after birth, infant umbilical venous blood, and infant capillary blood at 8-10 weeks after birth in low (<2500 g) and
normal (>2500 g) birthweight infants

Plasma samples Zinc (,nmolil) Copper (vmol/l)

Low birthweight Normal birthweight Low birthweight Normal birthweight

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Maternal:
At 28 weeks'

gestation 22 13-7 (2-8)' 99 12-0 (3-2)' 11 30.5 (8-7) 101 30 5 (6(0)
At birth 12 13-5 (2-8)' 89 11t1 (3-2)' 23 34-2 (8-5) 89 31-2 (7-9)
At 8-10 weeks

afterbirth 30 16-8 (3-0)' 96 153 (3.1)' 32 20-5 (7-9) 97 20-5 (6.1)
Umbilical venous blood 24 20-8 (3-8)' 72 18-8 (4-9)' 32 6-9 (3-6) 75 6-9 (2-5)
Infant capillary blood

at 8-10 weeks after
birth 30 16-1 (4-6) 83 15-5 (5-5) 32 11-6 (4-7) 95 11-8 (3-0)

*Difference between pairs of means significant at p<0).05.
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Dietary copper intake in artificially fed infants 1071

Table 3 shows plasma and leucocyte zinc concen-

trations in mothers before, at, and after delivery and
in the infants at delivery in low birthweight and
normal birthweight groups. When the ratios of
plasma zinc:leucocyte zinc in maternal blood at
delivery were examined in relation to infant birth
weight there was a significant negative correlation
(r=-0-38; y (ratio)=2-86- 0-47x(birth weight),
n=68).

Comparison of values in low and normal birth weight
infants. There were no significant differences be-
tween the mean copper concentrations in the blood
of mothers having low and normal birthweight
infants at any of the sampling times. Similarly, there
were no significant differences in the umbilical

venous plasma copper concentrations or in the
infants' plasma concentrations at 8-10 weeks. There
was no difference in the mean plasma zinc concen-
trations for low and normal birthweight infants at
8-10 weeks. There were significant differences in
the mean plasma zinc concentrations between the
mothers of low and normal birthweight infants at 28
weeks' gestation, at delivery, and at 8-10 weeks
after birth; in each instance the higher zinc concen-
trations were in the low birthweight group. The
umbilical venous plasma zinc concentrations were
significantly higher in the low birthweight than in
the normal birthweight infants.

Considering the four pairs of means together and
bearing in mind that the serial zinc concentrations
are not correlated, the results indicate that mothers

Table 3 Zinc concentrations in maternial venous plasma (limolll) and leucocytes (mglkg protein) at28 weeks' gestation,
at delivery, and 8-10 weeks after delivery in mothers oflow (<2500 g) and normal (> 2500 g) birthweight infants and in
infant umbilical venous blood

Bloo(o Low hirthweight Normal birthweight
sant;ple

11 Meani (SD) Ratnge n Mean (SD) Range

Maternal blood:
At 28 weeks gestation Plasma 22 13-7* (2-8) 8-6-19'7 99 12-0* (3-2) 2-3-23-3

Leucocyte 4 61-2 (30-4) 35-90 68 107-0 (45-2) 40-275
At delivery Plasma 1' 1395 (2-8) 6-7-17-( 89 11-1* (3.1) 0-92-19-4

Leucocvte 17 98.8 (32-8) 25-145 68 72-8 (31.7) 20-21(0
At 8-lt weeks

afterdelivery Plasma 3(0 168* (3-.)) tt3-248X 96 15Y3* (3.1) 4-3-29-4
Leucocyte 26 13510 (64.8) 61-335 67 1710 (71t5) 5(-380

Infant umbilical
venous blood at
delivery Plasma 24 20(8 (3-8) 11t8-2'57 72 1838* (4-9) 9 2-32.0

Leucocyte 6 1681) (39.8) 120-240 27 116() (55.0) 45-245

*Difference between pairs of means significant at p<(0)5.

Table 4 Concentrations ofcopper acnd zinc (Iumolll) in maternal venous blood plasma at 28 weeks' gestation, at birth, and
at 8-10 weeks after birth and in inifantt lumbilical venous blood and capillary blood at 8-10 weeks after birth related to
feeding group

Blood samtiple Feedinig grouip

Blreast l ows copper High copper

it Mean (SI)) it Meani (SD) it Mean (SD)

Maternal blood:
At28weeks gestation Copper 31 28'3 (68) 38 31-5 (6-6) 3(0 30-2 (5-7)

Zinc 36 12'7 (3.7) 39 11.9 (3-5) 31 12-2 (2-3)
At delivery Copper 33 29 9 (8-2) 34 329 (9.6) 32 31-8 (6-5)

Zinic 28 II -( (37) 31 10)7 (3-2) 28 12-4 (3.1)
At 8-1() weeks after

delivers Copper 35 17-5 (3.6) 41 21 7 (6 9) 35 20)9 (7-4)
Zinc 34 Is6 (3-5) 4(0 158 (3-7) 35 153 (2-4)

Umbilical venous blood (opper 3(0 6-9 (31) 36 6.6 (31)) 28 7-2 (2-8)
Linc 28 188 (5.5) 31 187 (4-6) 25 19-7 (3-8)

Infant's blood at
8-I10wccks ifterrbirth Copper 35 12'4 (3 5) 41 112 (3 1) 33 118- (4-2)

Zinc 3(1 17-6 (5-8)' 38 15 8 (4-7) 3(0 13-8 (4-3)'

'Difference betwcel mcatns signiificiiiit at p<()(X).>.
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who have low birthweight infants tend to have
higher plasma zinc concentrations than those who
have normal birthweight infants.

Effect of the feeding regimen. There were no
significant differences in umbilical venous plasma
copper concentrations between low and normal
birthweight infants; consequently, the data for these
two groups have been combined when comparing
the plasma copper concentrations obtained from
infants on the three feeding regimens (Table 4).
Mothers who breast fed their infants tended to

have lower plasma copper concentrations than the
other mothers; the differences, however, between
the mean concentrations at 28 weeks' gestation, at
birth, and at 8-10 weeks after birth were not
significant. The mean umbilical venous plasma
copper concentrations were almost identical for the
three groups of infants. Breast fed infants aged 8-10
weeks had the highest mean plasma copper concen-
tration, the infants in the low copper group the
lowest, and the infants in the high copper group an
intermediate value. The difference between the
mean plasma copper concentration for the infants
who were breast fed and the infants in the low
copper group did not reach significance at the 5%
level (p=0-086). The plasma zinc concentrations in
the breast fed infants were also greater than the
values found in the formula fed infants, and it is
noticeable that the lowest mean plasma zinc concen-

Table 5 Copper:zinc concentration (tnolair ratios) in diets
and in plasma of infants afier 8 weeks being breast fed or
fed on a high or low copper conitenit mnilk

Feedinig grouip ( op/i:-on r(lii!

Dot P/nootXs1

Breist fed 0-21 0 70)
Lowcopper formula 0))06 0(71
Hligh copper formnula (0 08 O( 86

tration was found in the infants in the high copper
group (p=<0-005) (Table 4).
The mean plasma copper:zinc ratios were similar

despite wide differences in the dietary ratios of cop-
per and zinc in the three feeding regimens. Table 5
gives the increments between birth and 8 weeks in
the low and normal birthweight infants fed their
mother's breast milk or high or low copper content
formulas.

Infant growth. Rates of growth of the infants during
the first eight weeks after birth were calculated as
the arithmetic difference of their measurements
taken at birth and at 8 weeks; rates of growth
were ascertained for each of the six measure-
ments weight, length, head circumference, arm cir-
cumference, and triceps and subscapular skinfold
thicknesses (Table 6).

Analyses of variance were carried out for normal

Table 6 Growth increments between birth and 8 weeks in low (<2500 g) and normal (>2500 g) birthweight infants fed
low or high copper contentformulas or human milk

Low hirthweight

n lItc rernetit SD
(pooled)

No-iial birthiteig/lt

it Increniep StI)
(/ooled)

Weight (kg)

Length (cm)

Occipitofrontal
circumference (cm)

Arm circumferencc (cm)

Triceps skinfold (mm)

Subscapular skinfold (mm)

BE Breast fed: LC tow copper formula, HC high copper tiirmuta.

Feed

BF
[,CLCtic
BF
LC
tic

BF
LC
HC

BF
LC
HC

BF
LC
tic
BF
IlC
HC

8
16
15

8
16
15

8
16
15

8
16
15

8
16
15

8
16
IS

*861
1831
1 925

7-98
9-46
9-0)7

5-388
6-112

2-413

3-153

3-4751
3-781
3-433

3-5001
3-462
2 h640

1-806
1 656]
8-(021
8-68
8-871

4-7411
4-689
4-654

I1*657
1-454
1-129

3-79)4
2-921

3-152
2-487
2-121

0-387

2-11

104

1-)5(0

1-611

1-276

33
38
28

33
38
28

33
38
28

33
38
28

33
38
28

33
38
28

1-79

1(091

1-0)97

-748

1-770

BF=Breast fed, LC=Iow copper formula, IIC= high coppc r sformula
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Dietary copper intake in artificially fed infants 1073

and low birthweight categories and for each of the
six measurements in each of the three feed categor-
ies. No consistent dietary effect was found except
for a greater increase in triceps skinfold thickness in
normal birthweight breast fed infants (mean in-
crease in triceps skinfold thickness for infants who
were breast fed was 3-8 mm, for infants in the low
copper group was 2-9 mm, and for infants in the high
copper group was 2-3 mm). The triceps skinfold
thicknesses of the infants fed the high and low
copper content formulas did not differ significantly
from each other. The difference between the breast
fed and formula fed infants was significant at a 1%
level. Despite this, the difference may be unre-
markable; with so many comparisons being made it
is not surprising that one of them achieved sig-
nificance.
A series of 20 tables giving fuller information

about infant growth characteristics as well as the full
results of biochemical analyses of concentrations of
maternal and infant plasma copper and zinc, mater-
nal and umbilical venous leucocyte zinc, blood lead,
amniotic fluid copper and zinc, breast milk copper
and zinc, and infant's hair copper at 8 weeks can be
obtained. *

Discussion

The dietary requirement of the fetus for copper

must be met from the maternal diet and maternal
tissue reserves, and in turn this might influence the
copper reserves in the preterm or term newborn.
Bioavailability of copper depends on various fac-
tors, including concentrations and distribution of
copper binding and carrying proteins and concentra-
tions of other dietary constituents, including phytate
and zinc.

Sturgeon and Brubaker described the typical
clinical features of copper deficiency in infancy in
1956,4 and Al-Rashid and Spangler described an

infant of low birth weight who developed oedema,
anaemia, bone disease, and recurrent apnoea associ-
ated with a low plasma copper concentration in
1971.5 Both studies showed that these abnormalities
could be corrected by giving copper supplements.
Since then numerous reports of isolated copper
deficiency in infants have been published.3 18 Cop-
per deficiency in preterm low birthweight infants has
already been reported from Glasgow and a previous
dietary survey showed very low copper intakes
during infancy.

In the present study there was no obvious

*Dr T S Wilson, Community Medicine Specialist. Greater Glasgow
Health Board, 225 Bath Street, Glasgow G2 4JT, Scotland.

problem shown during the first eight weeks of life
related to a copper intake of 05 smol/l of formula
compared with an intake of 6-3 tmolIl, even in low
birthweight infants.

Fetal copper metabolism differs substantially
from that of the older infant and child. At birth the
liver copper concentrations are five to 10 times
greater than in the adult,9 but in spite of this the
plasma concentrations of copper and the copper
carrying caeruloplasmin are much lower than in the
older infant and child. In fetal and neonatal liver
biopsy specimens the excess copper can be shown
histochemically, as can a copper associated protein
not demonstrable in the more mature liver.10 This
copper can be located within electron dense lyso-
somes with a specific neonatal carrier protein
believed to be localised to lysosomes rather than
mitochondria." Although the liver copper concen-
trations are within the range associated with
homozygous Wilson's disease, there is no bio-
chemical, structural, or ultrastructural evidence of
copper toxicity and the copper is complexed and
packaged in membrane bound lysosomes."'t At
about 3-4 months of age both liver copper and
plasma concentrations of copper and caeruloplasmin
approach the adult range.12

Sutton et al showed that poor growth, peripheral
oedema, osteoporosis, neutropenia, anaemia, and
apnoea can occur in copper deficient infants with
birth weights less than 1500 g.3 At such very low
birth weights reserves of liver copper are minimal
and it is not surprising that dietary deficiencies can
result in clinical abnormalities. In the older infants
in this study, irrespective of birth weight, there was
no evidence of clinical abnormality or disturbance in
growth, even though the highest copper intake was
still below the WHO minimum recommended in-
take.
Mean haemoglobin concentrations and packed

cell volumes at 8-10 weeks of age were not
significantly different between the six groups of
infants in this study. Evidently, copper reserves and
copper intakes were adequate to maintain haemo-
globin synthesis in spite of intakes below the
recommended minimum.
Whether there will be long term effects on body

tissues from such low copper intakes is unknown.
Copper is present in many intracellular enzymes,
and reduced function of these in the copper deficient
state may interfere with collagen synthesis through a
deficiency of lysyl oxidase activity and poor quality
elastin. The function of the copper dependent
superoxide group of enzymes is to protect the cell
from the superoxide radical, and failure of anti-
oxidant mechanisms has been reputed to increase
the rate at which tissues age.
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Although the dietary ratios of copper and zinc in
the breast fed infants and infants in the low copper
group were very different, mean plasma copper:zinc
ratios were similar. Infants fed high copper formula
had a greater mean plasma copper:zinc ratio than
breast fed infants or infants fed low copper formula.
Copper and zinc are biological antagonists, and
dietary supplementation with zinc in man reduces
the copper:zinc ratio in plasma.'3 14 In rats reduced
copper:zinc ratios were associated with hyper-
cholesterolaemia,5 but recent workers have failed
to confirm this.'6

Influence of maternal intakes of copper and zinc
during pregnancy on the growth rates of the fetus
have been examined.17-2' There was no obvious
correlation between the amniotic fluid copper and
zinc concentrations and infant birth weight or
gestational age.
The maternal plasma copper and zinc concentra-

tions and maternal white blood cell zinc concentra-
tions in this study also failed to show any direct
correlation with infant birth weight. Mean white cell
zinc concentration in mothers with light for dates,
growth retarded infants was lower than in mothers
of appropriately grown preterm and term normal
birthweight infants, but these differences failed to
reach significance. This might reflect the small
numbers studied.
The data indicate that ratios of maternal venous

plasma zinc to leucocyte zinc at delivery are related
to infant birth weight. Further investigation of the
association of a fairly high plasma and low leucocyte
zinc as a possible index of maternal zinc deficiency
and impaired fetal growth is warranted.

Dietary zinc deficiency has been postulated in
young women who are not pregnant in West
Scotland.22 The present study did not examine
maternal intake but confirms the high plasma zinc
concentrations reported in mothers of low birth-
weight infants during pregnancy.23 24 No overt
pre-eclampsia occurred in our mothers of low birth-
weight infants. These same mothers had lower mean
white blood cell zinc concentrations than mothers of
normal birthweight infants at 28 weeks' gestation, at
delivery, and at two months post partum. This might
be explained by a relative reduction in zinc binding
substances within leucocytes and an increase in
plasma zinc binders in the blood of mothers of low
birthweight infants but cannot be explained on the
basis of plasma volume differences2" or free zinc
concentrations.25 These important findings clearly
justify further investigation into the role of zinc in
fetal and infant development.
The infants studied had copper intakes below the

minimum WHO recommendations without obvious
physical or biochemical problems at the age of 2

months. With present milk formulas it is unlikely
that WHO minimum recommendations for copper
intake can be achieved. Either there is a subclinical
copper deficiency state in infants or the WHO
recommendations are in error. If manufacturers
increase only the copper content in their formulas to
achieve the WHO recommendations this could
critically reduce the bioavailability of zinc in their
formulas. Although the infants in this study were all
healthy, infection or other illness might precipitate a
problem associated with 'borderline' copper intakes.
The extraordinary adaptability of the human

newborn infant to wide variation in copper intake
and in copper:zinc ratio intake is noted. Whether
there is any long term consequence of such adapta-
tion remains to be proved.
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