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Iron supplementation, maternal packed cell volume,
and fetal growth

Elina Hemminki, Ulla Rimpela

Abstract
Previous studies have found that there is a
correlation between mothers' haemoglobin
concentration or packed cell volume and
infants' birth weight, and that iron supplemen-
tation increases mothers' haemoglobin con-
centration. The purpose of this study, using
the data of a large randomised trial on iron
prophylaxis during pregnancy, was to find out
whether iron supplementation causes fetal
growth to deteriorate. At their first antenatal
visit, 2912 pregnant women were randomised
into non-routine iron and routine iron supple-
mentation. The mean length of gestation was
shorter in the non-routine group. Birth weight
did not differ between the groups, but due to
longer gestations boys in the group receiving
routine iron were taller than in the non-
routine group. In both groups, whether
studied by various values of packed cell vol-
ume or correlation coefficients, the lower the
packed cell volume, the heavier and taller the
infant and heavier the placenta. These nega-
tive correlations could be seen even with a
packed cell volume measured early in preg-
nancy. Standardising for blood pressure did
not influence the correlation coefficients. The
correlation between a high ratio for packed
cell volume and poor fetal growth thus may
not be caused by iron supplementation, nor
mediated by blood pressure, but by some
other mechanism.
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Several surveys in the 1950s and 1960s found
that a mother's anaemia and/or low serum iron
was related to the small size and mortality of the
infant.' These studies, however, did not con-
sider confounding factors such as low social
class and the mother's illnesses, and the correla-
tions were usually obtained only with very low
haemoglobin values. Recent studies excluding
mothers with very low haemoglobin concentra-
tions have found an inverse association between
birth weight and haemoglobin concentration in
late pregnancy."' Other studies have found a
U shaped relation between preterm birth,
infant's mortality and weight, and the haemog-
lobin concentration in early pregnancy'2 or the
lowest recorded haemoglobin.'2'5 Mothers
having infants small for their gestational age
have higher haemoglobin concentrations in late
pregnancy than do other mothers.'1'9

Supplying iron increases haemoglobin con-
centrations. Thus an important question is
whether iron supplementation contributes to
the relation between high haemoglobin concen-
tration and poor outcome, or whether high

haemoglobin and poor obstetric outcome are
both related to low plasma volume.'0 12 20
Because of selection to iron treatment by
haemoglobin concentration, this question can
be answered only by studies using experimental
designs. Using data of a large randomised trial
comparing non-routine and routine iron
prophylaxis during pregnancy, we describe the
relation of fetal growth to iron supplementation
and the mother's packed cell volume and blood
pressure.

Subjects and methods
The study design, methods, and population
have been reported in detail previously.2' In
brief, a multicentre trial comparing two policies
of iron prophylaxis in pregnant women was car-
ried out within routine health services. All
mothers entering the 27 participating maternity
centres were included in the study with the fol-
lowing exceptions: mothers with a serious chro-
nic disease, a packed cell volume -0-32 or
haemoglobin - 110 g/l, the likelihood of moving
from the area before the birth of the child, or
those who were at more than 16 weeks of gesta-
tion. Mothers were randomised into non-
routine iron supplementation and routine iron
supplementation. The 218 mothers having a
spontaneous abortion were excluded leaving
1358 mothers in the group receiving iron non-
routinely and 1336 mothers in the group receiv-
ing it routinely.
Mothers in the group receiving iron routinely

were recommended pure iron (that is, not in
combination preparations) throughout the pre-
gnancy starting at the latest after the 16th week,
with the daily dose 100 mg of elemental iron in
one dose. If mothers in the non-routine group
had packed cell volume <030 (that is, haemog-
lobin <100 g/l) in two consecutive visits, 50 mg
iron twice a day for two months, or until the
packed cell volume increased to 032 (that is,
haemoglobin 110 g/l), was to be recommended.
Later during the trial because of midwives'
wishes the limit for starting iron was, after 33
weeks' gestation, raised to a packed cell volume
<0-31 (that is, haemoglobin <105 g/l). Com-
pliance as reported by the mothers themselves
was satisfactory.2' The varying intake of iron in
the two groups was reflected also in packed cell
volume values (see results).

Data were collected on six different forms,
one filled out by the midwives in the maternity
centres, four filled out by the mothers, and one
completed blindly by a research assistant from
the infant's hospital record. Midwife forms
were obtained for all but 10 mothers. These
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asked for routinely made measurements of
packed cell volume or haemoglobin and blood
pressure around the 12th, 20th, 28th, and 36th
week. Equipment available in the centre deter-
mined whether packed cell volume (91% of the
mothers) or haemoglobin concentration was
used. Pack cell volume was measured for capil-
lary blood by the centrifuge method. We
changed haemoglobin concentrations into
packed cell volume by a formula obtained from
the local laboratory: packed cell volume=
(haemoglobin+3- 171)/3-488. Placental weight
was also obtained from the form filled in by the
midwife.
The best estimate of the length of gestation was

drawn from the infant's hospital record, com-
pleted from the midwife's questionnaire for 15
infants whose records were not found, and
rounded off to the nearest week. (Clinicians
define gestation length by combining informa-
tion from various sources, including ultra-
sound, history of last menstrual period, and cli-
nical signs. The accuracy of measurements may
vary from one infant to another, but we assume

any inaccuracies to be similarly distributed in
the two groups.) In addition, gestation length
was calculated in days from the last menstrual
period. Unless otherwise specified, the best esti-
mate is used in analyses. Birth weight, birth
length, and head circumference were determi-
ned from the infant's record. Infants whose
weight fell below the 10th centile for that gesta-
tional age'9 were called small for their gestatio-
nal age. Growth after birth was calculated by
subtracting from each infant's weight in the
postpartum check up her/his birth weight (g)
and dividing by the age (in days).
To learn the prognostic value of the packed

cell volume, mothers were classified by the
result in the 12th week (-0-35, 0-36-0-38,
0-39-0-41, 342), and the 28th week (-0-32,
0-33-0-35, 0-36-0-38, ¢0-39); mothers with
unknown values (n=59 and 76) were excluded
from these analyses.

Pearson's correlation coefficient (r) and par-
tial correlation coefficients standardised for
other variables were calculated by the BMDP
statistical package. Statistical significances were
tested by x2 test (distributions), the test of two
proportions (percentages), and t test (means).

Results
GESTATION LENGTH AND GROWTH BY IRON

SUPPLEMENTATION
The mean length of gestation was somewhat
shorter in the non-routine group, but was signi-

ficant only among boys (table 1). In the non-
routine group somewhat more girls were born in
the 39th week (21-0% compared with 16-8%)
and fewer in the 41st week or later (33-4% com-
pared with 38-0%) than in the group receiving
routine iron. Among boys there were more pre-
term births (<37 weeks) in the non-routine
group (4-8% compared with 2-6%) and fewer
births in the 41st week or later (34-9% com-
pared with 39-8%). When gestation length was
calculated from the last menstrual period,
excluding women having gestation ¢46 weeks,
the mean gestation length was 39-9 weeks in the
non-routine group and 40-1 weeks in the group
receiving routine iron (p<0-05). These differ-
ences were also found when only women with a
spontaneous start of labour were studied.
The boys in the group receiving routine iron

were, as a mean, 36 g heavier (not a significant
difference) and 0-2 cm taller (table 1). This was
due to longer gestation rather than quicker
growth, however, and the mean birth weights in
each gestation age were similar. Among girls, all
indicators of growth (birth weight, length, head
circumference, both means, distributions, and
gestation specific values, and proportion of
infants small for gestational age) were similar in
the non-routine group and group receiving
routine iron. Growth from birth to the postpar-
tum examination was similar in the two groups.

In both groups boys were taller and heavier
than girls, but that difference emerged only in
the 38th week for height and in the 40th week
for weight.

GESTATION LENGTH AND GROWTH BY PACKED
CELL VOLUME
With gestation, the mothers' packed cell
volume became lower in the non-routine group

than in the group receiving routine iron
(figure). In the non-routine group, the packed
cell volume decreased until the 28th week. In
the group receiving routine iron the decrease
stopped by the 20th week. The higher the initial
packed cell volume ratio, the greater the
decrease in both groups.
We investigated the means and distributions

of birth weight, birth length, and gestation
length in the different groups of packed cell

volume measurements in the 12th and 28th
week. In the groups of high packed cell volume,
mean birth weight and birth length were lower,
and the proportion of infants weighing less than
2500 g was higher. Table 2 gives the results by
the packed cell volume result in the 28th week.
Similar results were obtained in the 12th week,

Table I Comparison between 1355 infants whose mothers received iron non-routinely and 1335 whose mothers received iron
routinely. Values are expressed as mean (SD) except where otherwise stated

Girls Boys
Non-routine Routine Non-routine Routine
tron won iron iron
(n=670) (n=689) (n=685) (n=646)

Gestation (weeks) 39-7 (1-9) 39-8 (1-9) 39.7 (2O0)* 39 9 (1-8)*
Birth weight (g) 3511 (542) 3515 (544) 3622 (576) 3658 (568)
Length at birth (cm) 49-7 (2 5) 49-7 (2-4) 50 5 (2-5)* 50-7 (2-4)*
Infants small for gestational age (%) 6-3 6-7 5-7 4-2
Growth after birth (g/day) 27-9 (10-4) 27-3 (10-1) 31-4 (11-7) 32-2 (13-0)

*Boys whose mothers received iron non-routinly compared with boys whose mothers received iron routinely: p<0-05.
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Table 2 Birth weight and gestational age by packed cell volume in mothers during 28th week

Packed cell volume:non-routine iron (n= 1319) Packed cell volune:routine iron (n= 1299)

s0-32 033-035 0-36-0-38 >0 39 s0-32 o-33-0-35 0-360-38 ¢0 39

No ofmothers 162 462 513 182 (58) 395 586 260
Mean (SD) birth

weight(g) 3690(531) 3581(532)* 3574(538)' 3421(643)" 3556(536) 3618(520) 3601(552) 3522(579)'
Birth weights
<2500g(%) 1.9 2-6 2-1 7-7* (5-2) i-3 2-4 50**

Infantswhoweresmall
forgestationalage(%) 5 6 50 5-8 9 3 (8 6) 4-3 4-9 6-9

*=p<O05, and **=p<0 01 when compared with those with packed cell volume s0 32 in the group who received iron non-routinely,
and when compared with those with packed cell volume 0-33-0 35 in the group who received iron routinely (because of the small
numberofwomeninthisgroupwithpackedcellvolume 60 32).

Table 3 Correlations between mothers' diastolic blood
pressure in the 36th week and placental weight with packed
cell volume, length of gestation, and birth weight

Non-routineiron Routineiron
(n=1120-1206) (n=1127-1181)

Diastolicbloodpressure:
Packedcellvolume,
36thweek 0-20*** 0-20***

Lengthofgestation -0-17*** -0-16***
Birthweight -011' -009**

Placentalweight:
Packedcellvolume,
36thweek -0-13*** -007*

Lengthofgestation 0-26*** 0-28***
Birthweight 0-68* * * 0-68***

*=p<0 05, * *=p<001, and ***=p<0 001.

12 20 28
Gestation (weeks)

36

Changes in mean packed cel volume measured in the 12th
week ofgestation in mothers receiving iron non-routinely
(solid line) and those receiving it routinely (broken line).

but the differences were not larger in the non-
routine than in the group receiving routine iron
as in the 28th week. The relation between
packed cell volume in the 12th and 28th weeks
and gestation length was weaker and not signifi-
cant.
We also studied the relation between packed

cell volume in the 12th, 20th, 28th, and 36th
weeks and birth weight, birth length, head cir-
cumference, and gestation length by counting
correlation coefficients. Weak negative correla-
tions to weight and length could be seen in all
packed cell volume measurements, but were

usually strongest in the 36th week: the lower the
packed cell volume the heavier and taller the
infant. Correlations with head circumference
were also negative, but weaker than those of
weight or length. The negative correlation of
the packed cell volume with gestation length
was weaker than that with weight, and signifi-
cant only in the iron group in the 36th week.

INTERVENING VARIABLES
To exmine the relation between high packed
cell volume and low birth weight we studied
blood pressure and placental weight as possible
intervening variables. Both groups were fairly
similar to each other in blood pressure, pro-
teinuria, and mothers' weight gain during pre-
gnancy, and in placental weight. In both
groups, high blood pressure, especially diasto-
lic, correlated positively with the packed cell
volume in the 36th week, negatively with gesta-
tion length, and weakly with birth weight (table

Table 4 Raw and partial correlation coeffiiens
(standardised for systolic and diastolic blood pressure) of the
packed ceUl volume in the 36th week with gestation length,
birth weight, and placental weight

Non-routine iron Routine iron
(n=1153-1177) (n=1154-1168)
Raw Partial Raw Partial

Gestation length -004 -001 -0*09** -0O07*
Birth weight -0¢13*** -0111*** -0-12*** -010**
Placental weight -0-13*** -0-13*** -0*07* -0*07*

*=p<0c05, **=p<001, and ***=p<0l001.

3) and birth length. Correlation coefficients
with blood pressure in the 12th and 28th week
tended in the same direction as those in the 36th
week, but were usually smaller, with the excep-
tion of packed cell volume, with which the cor-
relations were equally strong.
Weight of placenta correlated positively with

birth weight, birth length, and gestation length,
and, especially in the non-routine group, nega-
tively with the packed cell volume (table 3). On
the other hand, there was no correlation
between placental weight and systolic blood
pressure (-0-01 in the 36th week, both groups
combined) and only a weak correlation with
diastolic blood pressure (-0 05 in the 36th
week).
To abolish the association caused by joint cor-

relations with blood pressure, partial correlation
coefficients were calculated standardising for
blood pressure. Standardisation only marginally
changed correlation between packed cell
volume and birth weight and placental weight
(table 4). Similar changes after standardisation
were observed for the measurements of packed
cell volume in the 12th and 28th weeks.

Discussion
Mothers having a high packed cell volume had
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lighter infants and smaller placentas, and the
negative correlation could be seen both with the
packed cell volume in early and late gestation.
Correlations with birth length, head circumfer-
ence, and gestation length were weaker. The
inverse association between a high packed cell
volume in late pregnancy and poor infant
growth has been documented previously,9_"1
but in this study it was found also for the
packed cell volume measured in early preg-
nancy. In the study of Murphy et al the asso-
ciation was U shaped.'2

Iron supplementation increased packed cell
volume ratios, but it did not influence birth
weight. High packed cell volume ratios relating
to poor growth are thus probably caused by fac-
tors other than iron. Contrary to our hypotheses
no clear sex specific differences in growth by
iron supplementation emerged. Our results are
contrary to previous controlled trials among
pregnant women22-25 and among rats,26 which
have consistently reported lower birth weight in
the group receiving iron. However, all studies
involved a small number of subjects, and among
human beings these differences have not been
significant.
As in the study of Murphy et al there was a

positive correlation between a high packed cell
volume and high blood pressure.'2 Standardis-
ing for blood pressure did not influence the cor-
relations between packed cell volume and birth
weight and packed cell volume and placental
weight. Thus it seems that packed cell volume
does not influence birth weight by blood press-
ure, but by some other mechanism such as small
plasma volume and increased blood viscosity
with impaired placental circulation.'2 27-29
Noteworthy is the fact that the negative correla-
tion with birth weight could be seen even with
packed cell volume measured early in preg-
nancy.
The prediction of poor growth by a high

packed cell volume was clearer in the non-
routine group. Apparently iron supplementa-
tion transferred several 'healthy women' to the
group with a high value, and this diluted the
association between the high value for packed
cell volume and poor growth of the fetus. Even
though routine iron supplementation does not
seem to diminish growth, it may impede
diagnosis of poor growth.

Gestation length was somewhat shorter in the
non-routine group, especially among mothers
with boys. The difference was mainly due to
different distribution within 39-42 weeks; thus
it is possible that iron postpones that start of
labour at term. The mechanism remained
unclear. It was not through packed cell volume,
high blood pressure, or inductions. Nor is it
likely to be due to varying calculations of gesta-
tion length, because it could be seen also with

gestation length calculated from the last men-
strual period.
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