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Maternal leucocyte zinc deficiency at start of third trimester as a
predictor of fetal growth retardation

R LUXTON, C A PENNOCK

Abstract

Leucocyte zinc concentrations were measured in 70 mothers at
the beginning of the third trimester of pregnancy and compared
with the weight centiles of their subsequently delivered babies.
The median maternal leucocyte zinc concentrations rose pro-
gressively with weight centile. Thus the median leucocyte zinc
concentration of the mothers delivering babies weighing below
the 10th centile was 112 nmol/10' leucocytes and that of the
mothers with babies weighing above the 90th centile was 229-5
amol/10' leucocytes. A maternal leucocyte zinc concentration
<120 nmol/10' leucocytes strongly predicted a baby weighing
below the 10th centile (positive predictive value=71-9%, negative
predictive value=91*5%, sensitivity=64*3%, specificity=81*8%).
These findings suggest that maternal zinc concentration might

have a role in antenatal screening, but larger-studies are required.

Introduction

The weight of a tenth of all babies bornin Britain lies below the 10th
centile of the normal distribution ofweight for age. Historically, the
recognition that many of these low birthweight infants had suffered
from growth retardation in utero was important 2 as they form a
group with special perinatal problems that has a high morbidity
and mortality.3 4 All infants weighing below the 10th centile
are generally agreed to be the victims of intrauterine growth
retardation.5

Intrauterine growth retardation has many causes, but it is
associated with certain fetal factors, such as genetic abnormalities8
and intrauterine infections,9 10 and with maternal factors, such as
chronic illness, poor diet,"'-'4 pre-eclampsia," smoking,'6 17 and
excessive alcohol intake during pregnancy."8120 In 30% of cases,
however, no predisposing factors are found, and these are therefore
said to be "idiopathic."

Zinc is an essential trace element for plant and animal life2' as it is
required universally for the synthesis of nucleic acid and protein. It
is necessary for growth, and its deficiency is associated with
syndromes that cause short stature and dwarfism.22 23 Recent
interest has focused on the role of zinc in pregnancy and its effect on
fetal growth and development. Various materials have been used to
measure zinc state, including hair, urine, and blood (whole, plasma,
and cellular components). For practical purposes we did not include
hair and urine as source materials and concentrated on blood.
Meadows et al showed that, though plasma zinc concentrations were
unhelpful, leucocytes were a suitable nucleated tissue from which to
assess zinc state.24 25 They found no association between either
maternal or neonatal plasma zinc concentrations and baby size.
Leucocyte zinc concentration declined in all mothers during the
second trimester, remaining constant and low after 26 weeks. Both
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the mothers of babies weighing below the 10th centile and their
babies were found to have significantly lower leucocyte zinc
concentrations at delivery than the mothers and babies in the cases
where the babies had grown normally. This suggests that zinc
depletion in both mother and fetus is associated with intrauterine
growth retardation, but whether it is a cause of poor growth or
merely a marker of pathological fetal growth is unclear.
We studied whether zinc state could be used as a reliable indicator

offetal growth retardation early in the third trimester ofpregnancy.

Patients and methods
We studied 70 pregnant women booked for delivery at Southmead

Hospital, Bristol. The women were recruited randomly from antenatal
clinics between 28 and 34 weeks ofpregnancy. Dates were confirmed in over
90% of the women in the first half of the pregnancy by ultrasonography. All
gave informed consent before entering the study. We collected 10 ml of
heparinised venous blood from each mother during routine venesection in
the antenatal clinic between 28 and 34 weeks, and information regarding
maternal age, health, parity, smoking habits, and alcohol intake was
recorded.
The infants were all delivered at Southmead Hospital. All were singleton

live births; 37 of the babies were girls and 33 were boys. Thirteen (20 6%)
were delivered by forceps, five by caesarean section (7-8%), and the
remainder by normal vaginal delivery.
The birth weights of the infants were recorded at delivery by midwives

(who had no knowledge of the leucocyte zinc assay results) using standard
weighing scales. The birth weights ranged from 2200 g to 4400 g (mean 3360
g), and gestation ranged from 36 to 42 weeks (mean 39-8 weeks). The weight
centiles of the infants were calculated from standard, sex adjusted weight
charts.27 The mothers were divided into six groups according to the weight
centiles of their baby: o10th (14 babies), 11-25th (11 babies), 26-50th (12
babies), 51-75th (15 babies), 76-90th (nine babies), and >90th (nine babies).
Any infant whose weight fell exactly between two centile groups was
allocated to the higher centile group.
Twenty mothers smoked (28-6% overall), and eight ofthe 25 mothers with

babies weighing below the 25th centile smoked (32%). Eleven mothers
(15-7%) had various complications of pregnancy, including antepartum
haemorrhage (four mothers), hypertension (four mothers), rhesus haemo-
lytic disease (one mother), and gestational diabetes (two mothers).

Non-parametric statistical methods (Mann-Whitney U test and x2 test
with Yates's correction) were used to analyse the data.
The leucocytes were prepared by dextran sedimentation within 12 hours

of venesection.26 Exactly 1 ml white cell suspension was removed from the
settled red cells and centrifuged to form a leucocyte pellet. After 1 ml
deionised distilled water had been added the white cells were resuspended
using a Pasteur pipette. Then 1 ml 1-8% saline was added within 15 seconds
and mixed well. This procedure lysed any remaining red cells under osmotic
conditions unlikely to lyse leucocytes. The washing procedure was repeated
three times. The final leucocyte pellet was frozen and stored at -20'C until
all of the mothers had been recruited. The remainder of the leucocyte
suspension was used for the measurement of the leucocyte concentration in
the conventional way using a Coulter counter.

Before zinc content was measured the stored leucocyte pellet was first
allowed to thaw by standing at room temperature then digested in 1 ml
concentrated nitric acid and made up to a total of 5 ml with deionised water.
This solution was centrifuged, and the zinc concentrations in the supernatant
were measured on an Instrumentation Laboratories 353 atomic absorption
spectrophotometer and compared with zinc standards treated in the same
way as the leucocyte pellets. The final zinc concentration was expressed in
terms of the leucocyte concentration of the initial leucocyte preparation.

Zinc contamination was minimised by using only acid washed glassware in
the preparation of hydrolysates and "Aristar" grade reagents. In addition, a
reagent blank was used to correct for any remaining small amounts of
extraneous zinc.

J L WELLS, D K JAMES,

1054

 on 9 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.294.6579.1054 on 25 A

pril 1987. D
ow

nloaded from
 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL VOLUME 294 25 APRIL 1987

Results

RELATION BETWEEN MATERNAL FACTORS AND BIRTH WEIGHT

The mothers were all healthy, and none had any underlying medical
condition known to be associated with fetal growth retardation.I Thewomen
studied were predominantly from the lower social classes, but no correlation
was found between social class and maternal leucocyte zinc concentration.
None of the mothers showed evidence of excessive alcohol consumption.

Maternal age ranged from 15 to 37 years (mean 25 6 years). At recruitment
41 of the women (58 6%) were nulliparous, and of the remainder, 20 had
only one child. Two of the women were grand multiparas. At enrolment 20
mothers (28-6%) admitted to smoking five or more cigarettes daily, but no
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together with the scatter ofconcentrations in each group, is also shown in the
figure. There was a significant difference between the median zinc con-
centrations ofthewomen in the s-Oth and those in the 11-25th centile group
(p<O-OS) and a highly significant difference between the concentrations of
the women in slOth and those in the >90th group (p<0-0005).

PREDICTION OF INTRAUTERINE GROWTH RETARDATION FROM
MATERNAL LEUCOCYTE ZINC CONCENTRATION

From the figure a maternal leucocyte zinc concentration <120 nmol/1O9
leucocytes was selected to define low zinc concentration. Table II shows the

TABLE i-Relation between maternalfactors and birthweight centile

Weight centile

Maternal factor 1Oth 11-25th 26-50th 51-75th 76-90th >90th Total

No(%)ofwomen 14(20-0) 11(15-7) 12(17-1) 15(21-4) 9(12-9) 9(12-9) 70(100-0)
Mean age (years) 23`7 26-0 22-8 27-1 28-2 22-6 25-6
No (%) of nulliparous women 8 (57-1) 5 (45-5) 8 (66-7) 9 (60-0) 5 (55-6) 6 (66 7) 41 (58-6)
No (%) of smokers 4(28 7) 4(36-4) 3 (25-0) 4 (26-6) 2 (22-2) 3 (33-3) 20 (28-6)
-No(%)withpregnancycomplications 2(14-3) 2(18-2) 1(8-3) 3(20-0) 2(22-2) 1(11-1) 11(15-7)
Median leucocyte zinc concentration

(nmol/109 leucocytes) 11-2 15-07 16-42 19-23 21-60 22-95 16-56
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distribution of the 70 maternal leucocyte zinc concentrations in relation to
this value and the subsequent birthweight centile. If this maternal leucocyte
zinc concentration had been used to predict those infants who would weigh
less than the 10th centile nine of the 14 cases of intrauterine growth
retardation would have been detected (sensitivity=64-3%). Two false
positive results would also have been included (specificity=81-8%). This
maternal leucocyte zinc concentration therefore has a positive predictive
value of 7199% and a negative predictive value of 91-5% for fetal growth
retardation.

TABLE Ii-Relation between low maternal leucocyte zinc concentration
(<t20 nmol/1109 leucocytes) and low birth weight (<I1th centile)

Maternal concentration Maternal concentration
<120 nnol/109 leucocytes >120 nmol/109 leucocytes Total

Birth weight 610th centile 9 5 14
Birth weight > 10th centile 2 54 56

Total 11 59 70

x2 With Yates's correction=26-27 (p<0-001).

.
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410 11-25 26-50 51-75 76.90 >90

Birthweight gentile

Maternal leucocyte zinc concentration and infant weight centile. Horizontal bars
represent median values.

information was available regarding any changes in smoking habits that
might have occurred during pregnancy. Complications of pregnancy (pre-
eclampsia, antepartum haemorrhage, rhesus haemolytic disease, and pre-
term delivery) occurred in 11 ofthe mothers (15 7%). These maternal factors
were found to be distributed uniformly among the different centile groups
(table I).

Maternal leucocyte zinc concentration ranged from 48-8 nmol/109 leuco-
cytes to 405-2 nmol/109 leucocytes. Table I shows the median leucocyte zinc
concentrations for the mothers in each centile group. This information,

Discussion

The results show that early third trimester maternal leucocyte
zinc concentrations are significantly associated with birthweight
centile and may be used to predict intrauterine growth retardation at
this stage of pregnancy. Our findings also support an association
between maternal zinc deficiency and a small for dates fetus.24 5 33
Summer and Thompson postulated that zinc state could be used to
identify mothers at risk of delivering such babies,33 but they
analysed maternal zinc state -after birth, and thus our study is the
first to show a predictive value of zinc concentrations during
pregnancy. It is unlikely, however, that maternal leucocyte zinc

concentration will ever be used widely as a screening test for fetal
growth retardation as such testing is time consuming, requires great
care, and has little advantage over the established clinical, hormonal,
and ultrasound methods.2 30 Nevertheless, if the recently described
zinc taste test is shown to be reliable in detecting zinc deficiency it
might be used to identify mothers with zinc depletion, who are at
risk of delivering a growth retarded infant.3 Alternatively, some

form of dietary assessment might be used as a screening technique.
The range of values in our study was fairly large compared with
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the results of similar studies.4 25 Our method of analysis of
leucocyte zinc concentrations, however, was different: the zinc
content was expressed as a function of leucocyte count, whereas
other workers used leucocyte dry weight.24 25 We have unpublished
evidence to show that, provided the white cell preparation as
described in this paper is undertaken within 12 hours ofvenesection,
there is no significant white cell haemolysis. Any future study,
however, should begin by comparing the two methods of measure-
ment and their respective accuracies. In addition, white cells differ
in their zinc content, and the precision of the method may be
improved by considering the zinc content of only one class of white
cells, such as the neutrophils.
Although this study contributed to the investigation of a possible

role ofmaternal zinc deficiency in the aetiology of "idiopathic" fetal
growth retardation,32 the number ofwomen studied was too small to
allow any useful conclusions to be drawn. The size of the study
group also meant that the incidence of other risk factors for
intrauterine:growth retardation was low (of all the mothers, only 20
smoked and four had hypertension during pregnancy).

We thank Mrs Claire Saunders for secretarial help.
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100 YEARS AGO

The return of frosts and cold winds has brought home to all ofus the need of
warmer garments than have been worn during autumn, and medical men
throughout the country are now busy impressing on their delicate patients
the wisdom of adopting woollen underclothing, even in spite of cutaneous
irritation. It may not be inopportune therefore at this season, and at a time
when so many ofour work-people are unemployed and half starving, to call
attention to the fact that British hosiery is for all hygienic purposes, as well as
for comfort, fully equal to those articles ofwoollen underclothing offoreign
manufacture with which our markets are flooded, and which are vaunted as
possessing special virtues. The all-wool hosiery and under-wear made in
England, Ireland, and Scotland are in all respects as shapely and wholesome
underclothes as any that are to be purchased, and can usually be had at a
lower price than the imported goods which compete with them, and which,
by dint ofdiligent puffing, have in some measure supplanted them. They are
made of the finest and purest wool, unmixed with cotton or linen fibre, and
ofits natural colour, so that it is free from any injurious dye. They are of soft,
elastic, open texture, being lightly milled or not at all in some cases, and thus
afford a ready exit for all cutaneous exhalations, and contrast favourably
with some German makes, especially in the thicker substances, which are
heavily milled, brushed, and matted. They are made ofvarious thicknesses,
from a fine gauze up to a fleecy flannel, and can, therefore, be obtained
suitable for summer, autumn, or winter wear, for those who are young,
robust, and vigorous, and for those who are aged, infirm, or of very languid
circulation. They are skilfuly shaped on anatomical principles, and really
ensure a good fit, which their Continental rivals do not often do, as they are
for the most part cut out of webbing. And, lastly, they are free from the

clumsy and often irritating seams which are found in foreign underclothing,
and are so well made that they stand wear and tear. Any medical man
comparing Irish or Scotch, or the hygienic all-wool under-wear of the
Donegal Industrial Fund, 43, Wigmore Street, London (made in Donegal),
with German hosiery, will unhesitatingly give the preference to the former
on all sanitary grounds. The popularity which the latter has obtained has
really arisen out of exaggerated notions as to what it is possible for woollen
clothing to accomplish in the preservation of health and the prolongation of
life, together with an unreasonable faith in German science. In justice to our
own work-people and manufactures, in these bad times it is desirable that a
foolish prejudice which has been greatly to the detriment of a section of
them, should be dissipated, and that British hosiery, under-wear, and home-
spuns should be rehabilitated in public esteem. And members ofthe medical
profession can do more than any others to accomplish this, by assuring those
who consult them that, in the hand-made hosiery made at their own
doors, they have under-clothing of unsurpassed softness, cheapness, and
durability, and in the all-wool home-spuns a clothing material, which is of
the highest standard of durability and artistic merit, and which will ward off
disease and promote health as faithfully and successfully as it is in the power
of any underclothing to do. The all-wool hosiery and under-wear of the
Donegal Industrial Fund received the Silver Medal of the Sanitary Institute
of Great Britain and the Grand Diploma of Honour of the International
Health Exhibition at South Kensington three years since. Since then great
improvements have been made; and for hygienic value, purity of wool,
shape, make, and price, it cannot be surpassed or indeed equalled by any
foreign make. (Bnrtish MedicalJoumal 1887;ii: 1006.)
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