JPMA ( Journal Of Pakistan Medical Association) Vol 53 ,No0.9,Sep 2003

Studies on Zn, Cu, Mg, Ca and Phosphorus in maternal and cord blood

S. Baig, N. U. Hasnain, Q. Ud-din*
Department of Biochemistry, Ziauddin Medical University and PCSIR Laboratories*, Karachi.

Abstract

Objective: To study the levels of trace elements zinc (Zn), copper (Cu), magnesium( Mg), calcium( Ca) and
phosphorus (P) at term and to assess their correlation in maternal and cord blood.

Methods: Fifty two women and their cord blood were studied in a tertiary care hospital in Karachi, Pakistan at
the time of delivery. Zn, Cu and Mg were analyzed on atomic absorption spectrophotometer and Ca and P calori-
metrically in maternal as well as cord blood. The results were compared with non-pregnant age matched con-
trols.

Results: Compared to controls, levels of Zn, Mg,and P were found higher in maternal and cord blood. Copper
levels were found slightly lower in cord blood and Ca was significantly lower both in cord and maternal blood.
Babies with birth weight less than 3 kg had higher levels of Zn, Cu and Mg than those with more than 3kg,while
reverse was true for the P levels. No significant difference was observed in levels of these elements on the basis
of sex of the baby, except the cord blood of the male child had higher magnesium levels than female child.
Similarly no significant difference was observed between levels of zinc, copper ,phosphorus and magnesium in
the maternal and cord blood on the basis of parity, while calcium level were significantly higher in primiparous
mothers as compared to multiparous.

Conclusion: The results on the whole suggest that Pakistani women have higher levels of Zn, Cu, Mg and P

and a marginal Ca deficiency compared to results of studies around the world (JPMA 53:417;2003).

Introduction

The importance of mineral balance during pregnancy is still
underestimated, though diligent research demonstrates that trace ele-
ments and minerals are critical for the development of fetus. Many
minerals are transferred to the fetus for fetal stores in the latter part
of the pregnancy, although they may play important developmental
role throughout pregnancy.

Certain essential macro- and micro-minerals are, for instance,
constituents of, or interact with enzymes. Without proper enzyme
functions, health and immunity suffers.

Magnesium is known to be part of many different enzyme
systems and is involved in controlling various metabolic functions.
Zinc is a necessary part of hormone systems, and a deficiency of this
vital trace element can lead to impaired growth, sexual problems,
even diabetes.

. It has been shown that various trace elements such as Ca, P,
Mg, Zn, Cu, iron etc are metabolically interrelated and there is alter-
ation in their concentration during pregnancy.l2 This study was
designed to assess the status of trace elements in maternal and cord
blood in the local population during pregnancy.

Subjects and Methods

Fifty-two mothers and their new born infants were studied at
the Department of Gynecology and Obstetrics JPMC, Karachi
Pakistan. All pregnancies were normal and all women belonged to
lower socio-economic group. No supplement was given during the
course of pregnancy. Twenty four age matched non pregnant women
were studied as controls. Age, parity, obstetric history and social sta-
tus of the mothers were evaluated to assess the maternity pattern and

after delivery birth weight and sex of the newborn were
recorded. Blood was drawn from the mothers immediately after
delivery and from the cord while the placenta was still not sepa-
rated. Trace elements were estimated through Hitachi Z-8000
Atomic Absorption Spectrophotometer with flame atomization.3
Statistical analysis was performed with package statistical Ver 4,
Stat soft corporation U.S.A. Student t-test was applied to assess
the difference between the means. Pearson Product Moment was
used to determine correlation between variables.

Results

Table 1 summarizes trace elements concentration in
maternal blood, cord blood and in blood of healthy controls (non-
pregnant age matched women). No statistically significant differ-
ence was found between the mean Zn, Mg and P concentrations
of 52 mothers at term and 24 non-pregnant controls. Copper was
found significantly raised (P<0.0001) in maternal blood as com-
pared to cord blood and non-pregnant controls. Calcium levels
were the same both in maternal and the cord blood but were sig-
nificantly low (P<0.01)compared to controls. There was no signif-
icant difference between mean Mg and P concentration in mater-
nal, or controls' blood, while Mg and P levels in cord blood were
slightly higher. Zinc concentration was significantly higher in
cord blood (p<0.0001) compared to maternal and controls.
Copper levels were found significantly high in maternal blood
when compared with cord blood.

In maternal blood (Table 2) significant positive correlation
was found between zinc and magnesium(p<0.01) and zinc and
copper (p<0.006). In cord blood positive correlation was found
only between Zn and Cu (p<0.01).



Discussion

This study comprised of women belonging to low socioeco-
nomic status who were apparently normal medically and obstetrical-
ly. None of the babies had any congenital abnormalities. It is partic-
ularly noteworthy that maternal trace elements levels in our popula-
tion have been found to be higher than those reported in Europeans
or Americans but are in accordance with results obtained by Manser
and Khan3 for our normal population.Unfortunately these results are
only for zinc, copper and magnesium (Table 4 ).Very few internation-
al studies and none locally provide information on the factors that
effect trace element levels in normal and abnormal pregnancies. At
present for local population there is no epidemiological data to sug-
gest the role that trace elements play in the course of normal pregnan-
cies.

Other studies have shown no significant difference in the lev-
els of trace elements when evaluated against parity.l:45 The present
study showed statistically significant correlation between number of
gestations and trace element levels in both mothers and cord blood.
Kantola et al6 in a study in Finland observed variation in Zn and Cu
levels in placenta and maternal blood. Osama et al” showed differ-
ences in Ca and Zn levels in multiparous and nulliparous Swedish
mothers. Higashi et al® while studying pre-term infants reported that
serum levels of trace elements were negatively related to gestation.
Our study showed a negative correlation between birth weight and Zn
in both maternal and cord blood. Similar observation have been
made by others.®9 Arumanayagam et all® reported a significant cor-
relation between cord Zn, Cu and birth weight. Zn concentration did
not increase significantly after the 35th week; Zn supplementation
increased the birth lengths!!,but had no effect on birthweight.!2
Higher Zn levels observed by Goel and Misral3 in female babies has
been attributed to higher requirements of Zn by females who have
higher growth potential compared to males. Extreme deficiency of Zn
results in congenital malformation in fetus.>%16 Observations by
Ward et al!”7 on Gujrati women living in India and England or by
Osendarp et al!® on Bangladeshi women showed no requirement for
Zn supplementation during pregnancy. Our results on Cu levels in
mother's blood are in accordance with the previous findings.!9-21 The
increase in Cu levels could be related to synthesis of cerruloplasmin,
a major Cu binding protein.

Plasma or serum Zn concentration falls by 20-25 percent dur-
ing pregnancy.!3 But in the present study maternal blood levels were
not significantly different from non-pregnant controls. May be there
was an initial fall in Zn levels which was later on recovered at the
time of delivery; or there may have been no change in Zn levels
throughout pregnancy.

Since serum or plasma Zn concentration are depressed by
trauma, infections and corticosteroids as well as by estrogens, they
are unreliable indicators of Zn status even in non-pregnant individu-
als. In another study!4 a positive correlation between plasma Zn at
delivery and infant birth weight was found. In the present study
although the maternal Zn levels were same in pregnant and controls
but correlation of Zn with birth weight was found negative.

A positive correlation was observed between Zn and Cu in
maternal and cord blood and Zn and Mg in maternal blood but none
between birth weight and maternal and cord blood Zinc content. Zinc
concentration in maternal and cord blood did not differ between male
and female new borns.> Some reports!> indicate that maternal iron sup-
plementation or therapy may have an adverse effect on Zn status. In
cases where Zn intake is already low or inadequate, supplementation
of iron might possibly reduce its availability to the fetus to an extent
that it could compromise fetal growth. A large number of congenital
malformations in fetus could be related to low maternal levels of Zn as
has been shown in various experimental studies in human beings.%16
But they are probably only to be seen in instances of extreme Zn defi-
ciency.> Such event seems unlikely to occur here and therefore there
appears to be no requirement for general Zn supplementation during
pregnancy. Observations made by Ward et al!7 were somewhat similar
while studying Gujrati women living in India and England. They found
no difference in plasma concentration of Zn at 28 weeks between any
of the dietary groups whether vegetarian or non-vegetarian, living in
India or England. Supplementation of diet with elemental Zn during
the last two trimester of pregnancy did not improve birth outcome in
Bangladeshi study.!$

Furthermore, the biological significance of low Zn levels in
cord blood found in the present study could be subjected to further
investigations. Infants in this group were normal with normal birth-
weight. Low values in cord blood are in comparison to maternal val-
ues, maybe they are not low in comparison to international standards.

The increase in Cu in the blood also depends on the time of ges-
tation. It has been observed that maternal serum Cu levels are elevated
from the luteal phase of the pregnancy and rise with the progression of
pregnancy.!® In comparison to non-pregnant women, normal pregnan-
cies near term had higher levels of Cu.2® Although at term total serum
concentration of Cu in the mothers was approximately twice that of
normal non-pregnant value, the percentage of free Cu was not signifi-
cantly changed.?! It is caused by a parallel increase in Cu's major bind-
ing protein ceruloplasmin increased as a result of elevated levels of
maternal estrogen. Copper concentration increase during the last 3
months of pregnancy and decrease after delivery . The decline is slow-
er in women who breast-feed.22 In cord blood Cu levels were found to
be significantly higher in infants below 3 kg of weight (p<0.05) than
infants born above 3 kg of weight. Small for gestational age infants
(SGA) had higher serum Cu concentration than reference infants.
Babies with birth weights of less than 1000g had higher serum Cu con-
centration at one week than those with birth weights of 1000 to 1500g.
Serum Cu concentration in malformed infants did not differ from the
concentration in reference infants. When mean Cu levels were checked
in vegetarians and non-vegetarians, living in India and England, the
plasma Cu levels showed the same trend in all the four groups.!”
Mothers who gave birth by vacuum, forceps or caesarian section tend-
ed to have lower serum Cu values than reference mothers.22

Hypomagnesemia during pregnancy has been attributed to
hemodilution and to estrogen domination to which these women are
exposed.23 Mg levels significantly decreased during 9th month of ges-



levels were reported to be higher in Pakistani women com-
pared to levels elsewhere in the world. This higher level may be
related to the higher consumption of dal (cracked legumes cooked to
a soup-like consistency) and possibly to higher Mg levels in the
water supply. The water supply in Karachi has not been analyzed but
the glacial sources in Pakistan has been reported to contain 1.260
mg/L of Mg.26 There are many studies on the physiologic functions,
pathologic disturbances and therapeutic applications of Mg. Current
evidence in a study in UK suggests pregnancy associated growth is
unlikely to cause maternal Mg deficiency and that there is no such
requirement for Mg supplementation during pregnancy.?’

Of all the rigid structure building elements, Calcium is the
one where deficiency is a possibility and this is particularly true for
expectant and lactating mothers who have to provide extra Ca for the
development of bones in the fetus, or provide milk for the newly
born infant. Maternal Ca levels in the present study were also found
slightly but significantly lower than controls (P<0.01). The decline
begins shortly after conception and is progressive until the middle of
the third trimester after which there is a slight rise. One gram of
albumin binds 0.7 mg of Ca. An average fall in serum albumin of 0.9
gm per 100 ml and during normal pregnancy should result in a fall
of 0.1 mg of calcium per 100 ml.28 Conservation of Ca can be seen
by decreased urinary excretion during pregnancy that is at the time
of maximal fetal requirement. This has been observed in patients
who continue their usual diet. On the other hand high excretion per-
sisted throughout pregnancy in patients whose diet was supplement-
ed with vitamins and minerals. This proves that the supplement was
superfluous and in excess to their endogenous requirements and it
obscured the organism's intrinsic mechanism of adaptation. In the
present study cord serum Ca levels were slightly but not significant-
ly higher than maternal levels.

Serum inorganic phosphorus (P) exhibits a slightly different
pattern, falling progressively until approximately 30 weeks, at which
time a drop of 6 percent from non-pregnant levels can occur and then
rising to nearly non-pregnant levels by term.28 Levels of P checked
at the time of delivery were found similar to non-pregnant levels in
the present study. This also confirms another report?# that inorganic
phosphorus levels decreased significantly during the 9th month of
gestation (P<0.01) but rise to non-pregnant levels in labour.

Fetal content of both Ca and P is related to fetal weight in a lin-
ear manner. It has been reported that serum Ca levels in the fetus
exceed those in the mother by some 1 to 2 mg per 100 ml. This rela-
tionship has been recognized for more than 50 years and has been con-
firmed repeatedly.28 Quite clearly, regulation of fetal Ca and P metab-
olism is a complex process. Available data regarding endocrine activ-
ity depressed PTH and elevated CT levels indicate a situation favor-
able for skeletal growth. These hormonal changes in the adult would
result in a lowering of serum Ca and yet the fetus is hyper-calcemic
with respect to mother. Therefore, it appears that other factors, such as
the placenta, must play a major role in regulating the serum Ca levels
in the fetus.28

Conclusion

The results on the whole suggest that Pakistani women have more

pronounced levels of Zinc, Copper, Magnesium and Phosphorous and a
marginal Calcium deficiency compared to studies around the world. In
pregnancies with complications further studies regarding trace elements
levels in blood in local population are required.
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