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Abstract

Objective To investigate the effects of delayed umbilical cord clamping,
compared with early clamping, on infant iron status at 4 months of age
in a European setting.

Design Randomised controlled trial.
Setting Swedish county hospital.
Participants 400 full term infants born after a low risk pregnancy.

Intervention Infants were randomised to delayed umbilical cord clamping
(=180 seconds after delivery) or early clamping (<10 seconds after
delivery).

Main outcome measures Haemoglobin and iron status at 4 months of
age with the power estimate based on serum ferritin levels. Secondary
outcomes included neonatal anaemia, early respiratory symptoms,
polycythaemia, and need for phototherapy.

Results At 4 months of age, infants showed no significant differences
in haemoglobin concentration between the groups, but infants subjected
to delayed cord clamping had 45% (95% confidence interval 23% to
71%) higher mean ferritin concentration (117 pg/L v 81 pg/L, P<0.001)
and a lower prevalence of iron deficiency (1 (0.6%) v 10 (5.7%), P=0.01,
relative risk reduction 0.90; number needed to treat=20 (17 to 67)). As
for secondary outcomes, the delayed cord clamping group had lower
prevalence of neonatal anaemia at 2 days of age (2 (1.2%) v 10 (6.3%),
P=0.02, relative risk reduction 0.80, number needed to treat 20 (15 to
111)). There were no significant differences between groups in postnatal
respiratory symptoms, polycythaemia, or hyperbilirubinaemia requiring
phototherapy.

Conclusions Delayed cord clamping, compared with early clamping,

resulted in improved iron status and reduced prevalence of iron deficiency
at 4 months of age, and reduced prevalence of neonatal anaemia, without
demonstrable adverse effects. As iron deficiency in infants even without
anaemia has been associated with impaired development, delayed cord
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clamping seems to benefit full term infants even in regions with a
relatively low prevalence of iron deficiency anaemia.

Trial registration Clinical Trials NCT01245296.

Introduction

Tron deficiency and iron deficiency anaemia are major public
health problems in young children worldwide, and are associated
with poor neurodevelopment. Delayed umbilical cord clamping
has been suggested as a measure to prevent infant iron
deficiency,' but we lack data concerning its health benefits and
possible adverse effects, especially in high income countries.

Young children are at particular risk of iron deficiency because
of high iron requirements during rapid growth in combination
with low iron intake. Globally, about a quarter of preschool
children have iron deficiency anaemia, the most severe form of
iron deficiency. In Europe, the prevalence of iron deficiency
anaemia is 3—7% among young children, and the prevalence of
iron deficiency has been reported to be as high as 26%.>* Iron
is essential for several aspects of brain development, including
myelination, dendritogenesis, neurotransmitter function, and
neuronal and glial energy metabolism.’ ¢ Iron deficiency anaemia
in young children is associated with long lasting cognitive and
behavioural deficits.” ® Iron deficiency without established
anaemia has also been associated with altered affective
responding, impaired motor development, and cognitive
delays.”'"> Two recent meta-analyses have concluded that iron
supplementation improves psychomotor and mental development
in infants and children.” " Thus, the available evidence suggests
that it is important to prevent iron deficiency in infants in order
to achieve optimal brain development.

During the first minutes after birth, the newborn infant may
receive a substantial blood transfusion from the placenta. A
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term newborn held 10 cm below the level of the uterus during
the first three minutes of life increases its blood volume by an
average of 32%." Delayed cord clamping, usually defined as
ligation of the umbilical cord 2-3 minutes after birth or when
cord pulsations stop, will thus result in a larger placental
transfusion than early cord clamping performed immediately
after delivery.'®

Only a few controlled trials have assessed effects of delayed
cord clamping on infant health beyond the neonatal period.
These studies were all performed in low and middle income
populations with a high prevalence of iron deficiency anaemia
(India," '* Guatemala,"” Mexico,” and Zambia®'). Two
meta-analyses including these studies concluded that delayed
cord clamping results in higher levels of serum ferritin at 3-6
months of age.'* The timing of umbilical cord clamping could
be important also in high income countries in view of the
relatively high reported prevalence of iron deficiency in Europe
and the US.” * However, there are no available data concerning
health effects of delayed cord clamping beyond the neonatal
period in term newborn infants in high income countries.

Some studies suggest that delayed cord clamping may have
adverse neonatal effects with increased risk of respiratory
symptoms,” polycythaemia,” hyperbilirubinaemia,” and need
of phototherapy.'® ** In many high income countries there is
current debate whether early or delayed cord clamping is
preferable. A recent survey of policies at European delivery
units showed large differences in cord clamping practices, both
between and within countries, with early cord clamping being
the dominating practice.”® We therefore undertook this
randomised clinical trial to compare the effects of delayed and
early cord clamping on iron status, including haemoglobin, at
4 months of age in healthy, term Swedish infants.

Methods
Trial design

We conducted a randomised controlled trial (parallel group
study with 1:1 randomisation) comparing delayed and early
cord clamping. The study was conducted between April 2008
and September 2009 at the Hospital of Halland, Halmstad,
Sweden.

Participants

Pregnant women were eligible if they met the following criteria:
non-smoking; healthy (no haemolytic disease, no treatment with
any of the following drugs (anticonvulsants, antidepressants,
thyroid hormone, insulin, chemotherapy, or cortisone)); normal
pregnancy (no pre-eclampsia, no diabetes, no prolonged rupture
of membranes or signs of infection); singleton; term pregnancy
(gestational age 37" to 41*° weeks); expected vaginal delivery
with cephalic presentation. The mother also had to understand
Swedish well enough to participate in the study and live close
enough to the hospital to be willing to return for follow-up after
four months. Exclusion criteria were serious congenital
malformations, syndromes, or other congenital diseases that
could affect the outcome measures.

Pregnant women were first given information about the trial at
the antenatal healthcare centre. Those fulfilling the inclusion
criteria at the time of admission to the delivery ward were again
informed about the study by the attending midwife. Written
informed consent was obtained, from both parents when
possible. The study was approved by the regional ethical review
board at Lund University (41/2008).

Intervention

When delivery was imminent (expected within 10 minutes), the
midwife opened a sealed, numbered, opaque envelope containing
the treatment allocation. The interventions consisted of delayed
clamping of the umbilical cord (>180 seconds after delivery)
or early clamping of the umbilical cord (<10 s). In both
intervention arms, the midwife was instructed to hold the
newborn infant at a level about 20 cm below the vulva for 30
seconds and then place the baby on the mother’s abdomen (20
cm was chosen as a practically obtainable level because of the
facility to fold down the lower part of the delivery bed). Babies
born by caesarean section were placed in the mother’s lap before
clamping in accordance with clinical routines. Oxytocin (10 IU)
was administered intravenously immediately after cord
clamping. The time from complete delivery of the baby to the
first clamp on the umbilical cord was measured with a stopwatch
by the midwife’s assistant.

Venous and arterial cord blood samples for assessment of
acid-base status were taken within 30 seconds from the
unclamped cord in the delayed cord clamping group and within
10 minutes from the double clamped segment of the umbilical
cord in the early clamping group. Study samples were taken
from the clamped umbilical cord in both groups. The remaining
fetal blood in the placenta was measured by placing the free
end of the cut umbilical cord in a measuring glass and elevating
the placenta until all blood had been drained. All other aspects
of obstetric care were managed according to standard practice
at the hospital. All staff in the delivery unit were trained in the
study procedures before the trial started. Early cord clamping
was the clinical standard procedure in the hospital before the
study.

Follow-up

After the delivery, the babies were cared for according to clinical
routines, and early breast feeding was encouraged. As part of
the study, the infant was assessed at 1 and 6 hours by the
midwife, who recorded if the baby had been breast fed and the
presence of respiratory symptoms (that is, respiratory rate >60
breaths/minute, presence of nostril flaring, grunting, or
intercostal retractions).

Infants stayed at the postnatal ward with their mothers for two
or three days, except for well babies whose mothers preferred
to leave the hospital earlier and infants who were admitted to
the neonatal unit. All infants were examined by a physician
during the first 72 hours, in accordance with clinical routines.
All neonatal diagnoses were reported in the study protocol. At
4872 hours after birth, study samples were taken by a midwife
or a neonatal nurse in conjunction with routine venous blood
sampling for metabolic screening. Results from any additional
blood samples that were taken on clinical indications were also
recorded in the study protocol. The results from study samples
were reviewed once a week by a physician, and appropriate
action was taken if necessary. Six infants were considered to
have anaemia at 2 days of age and were referred for further
diagnostics, but none needed treatment.

At 4 months of age, infants were scheduled for a follow-up visit
including blood sampling and weight and length measurements.
Venous blood sampling was performed after application of a
local anaesthetic (EMLA, AstraZeneca). Before the visit, parents
were asked to complete a three day food diary to assess whether
the infant was exclusively or partially breast fed and whether
formula or solids were given.
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Additional data collection

The following information was collected from maternal
healthcare records: reported illness, medication, parity, weight,
height, body mass index, smoking habits, blood group Rhesus
factor status, and haemoglobin concentration at the time of
admission to antenatal care. The median duration of pregnancy
at this visit was 76 days (interquartile range 68 to 84). If the
objective of the randomised intervention (that is, >180 s between
delivery and umbilical cord clamping for delayed clamping or
<10 s for early clamping) was not achieved, the reason for this
was noted.

Blood samples

Umbilical cord blood was analysed for complete blood count
(haemoglobin, packed cell volume, mean cell volume, mean
cell haemoglobin concentration, reticulocyte count, and
reticulocyte haemoglobin); iron status (serum iron, transferrin,
serum ferritin, transferrin saturation, and soluble transferrin
receptors); and C reactive protein. At 2 days of age, venous
blood was analysed for complete blood count, iron status, C
reactive protein, and bilirubin. At 4 months, venous blood
samples were analysed for complete blood count, iron status,
and C reactive protein.

Blood was collected in EDTA tubes (BD Vacutainer, Plymouth,
UK) for complete blood count, and in serum separator tubes
(BD Vacutainer) for iron status, bilirubin, and C reactive protein.

Blood samples were stored for a maximum of one hour in room
temperature and then transported for analysis to the hospital
clinical chemistry laboratory, where analyses were performed
within one hour. Complete blood counts were analysed with an
automated haematology analyser (Sysmex XE 2100, Sysmex,
Kobe, Japan). Iron status indicators, bilirubin, and C reactive
protein were analysed with Cobas 6000 (Roche Diagnostics,
Basel, Switzerland).

We used the following definitions:
At 2 days
Anaemia—haemoglobin <145 g/L.

29

Polycythaemia—packed cell volume >0.65%

Hyperbilirubinaemia—bilirubin >257 umol/L (corresponding
to 15 mg/dL)

At 4 months
Anaemia—haemoglobin <105 g/L*

Iron deficiency—=>2 indicators of iron status outside
reference range (ferritin <20 png/L,” mean cell volume <73
fL,*' transferrin saturation <10%,** soluble transferrin
receptor >7 mg/L). (The soluble transferrin receptor cut-off
value for the Roche immunoturbidimetric assay was
calculated from the established cut-off value of 11 mg/L*'
for the Ramco enzyme linked immunosorbent assay (ELISA)
using the regression equation described by Pfeiffer et al™)

The log ratio of soluble transferrin receptor to ferritin
(logTfR/Fer-ratio) was calculated.* Soluble transferrin receptor
was converted to values corresponding to the Ramco ELISA™
and then transformed to pug/L. The result was divided with the
ferritin, and the logarithm (base 10) of the ratio was used. Total
body iron (mg/kg) was approximated by the equation
—(logTfR/Fer-ratio—2.8229)/0.1207.%

Primary outcome

The primary outcome was infant haemoglobin and iron status
(measured as serum ferritin, transferrin saturation, soluble

transferrin receptors, reticulocyte haemoglobin, mean cell
volume, mean cell haemoglobin concentration) at 4 months of
age. To further assess iron status, we calculated iron deficiency,
logTfR/Fer-ratio, and total body iron as described.

Secondary outcomes

In this paper we report neonatal morbidity (including anaemia,
polycythaemia, need for phototherapy, and respiratory
symptoms). Other secondary outcomes are beyond the scope of
the current paper, and will be reported separately: maternal
postpartum haemorrhage and rates of successful umbilical
arterial blood samples in relation to allocation group; neonatal
serum immunoglobulin G level and infections during the first
four months of life; effects of delayed and early cord clamping
on iron status and haemoglobin at 12 months of age;
psychomotor development at 4 and 12 months of age assessed
by the Ages and Stages Questionnaire; reticulocyte haemoglobin
as a marker of neonatal and infant iron stores.

Sample size

As ferritin is the most sensitive indicator of iron status and has
been shown to be the most efficient indicator of iron
interventions,” it was chosen for estimating the necessary group
size. Evidence regarding the effects of early versus late cord
clamping comes from a few trials in low or middle income
countries, and we designed our study to be comparable with
them. Beyond the neonatal period, the main effect observed in
those studies is that delayed cord clamping leads to an increase
in ferritin concentration at 3—6 months of age, which has been
considered of importance to public health.'® ** * We therefore
chose iron status at 4 months as our main outcome and powered
the study to find a difference in ferritin concentration.

A prestudy power analysis showed that a group size of 150
would allow us to find a difference of 29% in geometric mean
serum ferritin concentration between groups at 4 months of age
with a power of 80% and a significance level of 0.05, assuming
a mean serum ferritin concentration of 110 pg/L in the delayed
cord clamping group.” The study was thus powered to find a
slightly smaller difference in ferritin concentration than in a
previous study in Mexico,” where the delayed cord clamping
group had 34% higher serum ferritin concentration at 6 months.
Allowing for an attrition of 25%, we included 200 participants
in each group.

Randomisation

Randomisation was performed by one of the investigators (MD)
in advance by computer in blocks of 20 using the random
number generator in MS Excel (Microsoft, Seattle, WA, USA).

Blinding

The study design precluded either the mother giving birth or
the midwife performing the intervention being blinded.
Physicians performing neonatal examinations, staff members
responsible for collection of blood samples and background
data, and laboratory staff performing analyses of blood samples
were blinded to each infant’s allocation group.

Statistical analysis

For group comparisons of continuous variables, we used
Student’s ¢ test for variables with normal distribution. For
variables with skewed distribution, we used Mann-Whitney U
test for group comparisons and used Hodges and Lehmann
estimator’® for confidence intervals across groups. Ferritin
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concentration was log,, transformed for analysis. Categorical
variables were compared between groups by using Fisher’s
exact test. We used SPSS for Windows, version 18.0 (SPSS,
Chicago, IL, USA). We calculated the numbers needed to treat,
relative risk reduction, and their confidence intervals using the
web based JavaStat calculator.” A P value <0.05 was considered
significant.

All analyses were made on an intention to treat basis, except
for 12 cases (four allocated delayed cord clamping, eight
allocated early clamping) that were erroneously included in the
study despite not fulfilling inclusion criteria. Of the 382 children
finally analysed, 334 received the allocated intervention (168
for delayed clamping, 166 for early clamping) (figurel}).

We redid all analyses for the main and secondary outcomes,
including cases of protocol breach at inclusion as well as per
protocol (n=334), and this did not alter the results. We also did
a sensitivity analysis for outcomes at 4 months of age by
calculating imputed results for dropouts after 2 days of age
(n=25), and the results did not change.

Results

Four hundred mother-infant dyads participated in the study.
Participants were recruited for 13 months from April 2008 to
May 2009; with a four month follow-up from August 2008 to
September 2009. In total, 382 infants constituted the study
population, and their data were analysed according to intention
to treat. Of these infants, 334 (87%) received the allocated
intervention, and 350 (92%) were evaluated for the main
outcome at 4 months of age (figurel)).

Baseline data

There were no significant differences between the delayed cord
clamping and early clamping groups with respect to maternal
characteristics or neonatal baseline data (table 1])).

Infants in the delayed clamping group had higher birth weights,
but, since birth weight was measured after the intervention, this
was regarded as an outcome variable (see below).

Primary outcome

Four months post partum, at a mean (SD) age of 121 (5) days,
350 children (92%) returned for assessment. There was no
significant difference in haemoglobin concentration between
the two groups (table 2|)). The study was powered to detect a
29% difference in ferritin concentrations, and the geometric
mean serum ferritin concentration was 45% (95% confidence
interval 23% to 71%) higher in the delayed cord clamping group
(117 ng/L with delayed clamping v 81 ug/L with early clamping,
P<0.001). All other indicators of iron status (transferrin
saturation, soluble transferrin receptors, reticulocyte
haemoglobin, mean cell volume, and mean cell haemoglobin
concentration) differed significantly between the groups (table
2()). Iron deficiency was significantly more prevalent in the
early clamping group, but the prevalence of anaemia did not
differ between the groups (table 3|/). To prevent one case of
iron deficiency, with or without anaemia, the number needed
to treat was 20 (95% confidence interval 17 to 67).

Secondary outcomes

Neonatal blood samples were obtained at a median age of 2.4
days (range 1.9—4.9) from 357 (94%) newborns. At this time,
fewer infants in the delayed cord clamping group were anaemic
than in the early cord clamping group (2 (1.2%) v 10 (6.3%),
P=0.02, relative risk reduction 0.80 (95% confidence interval

0.22 t0 0.95), number needed to treat 20 (15 to 111)). No infant
in either group was polycythaemic.

As for treatment with phototherapy, there was no significant
difference between groups. Three infants were subjected to
phototherapy, one in the delayed cord clamping group and two
in the early clamping group (table 4)).

There were no differences in the prevalence of neonatal
respiratory symptoms (respiratory rate >60 breaths/minute,
nostril flaring, grunting, or retractions between or under the
ribs) between the delayed clamping and the early clamping
groups, neither at 1 hour (17 (9.3%) v 12 (6.6%), P=0.4, relative
risk reduction —0.39 (—1.79 to 0.31)), nor at 6 hours (6 (3.8%)
v 8 (5.3%), P=0.6, relative risk reduction 0.28 (—0.95 to 0.73)).

Ancillary analyses

Iron stores at 4 months of age were further assessed by
calculating logTfR/Fer-ratio and total body iron, and these
measures showed significant differences between the groups
(table 21)).

The measured amount of blood retained in the placenta was
37% (24% to 48%) lower in the delayed cord clamping group
(geometric mean volume 25 mL v 39 mL, P<0.001). There were
no group differences in cord blood iron status (not shown), but
cord blood haemoglobin and packed cell volume were
significantly lower in the delayed clamping group (table 1]]).

There was no difference between the delayed and early cord
clamping groups in the proportion of infants who had started
breast feeding at 1 hour (135 (74%) v 130 (73%), P=0.90,
relative risk reduction —0.01 (—0.14 t0 0.11)) or at 6 hours (131
(82%) v 131 (85%), P=0.54, relative risk reduction 0.03 (-0.07
to 0.12)). In the delayed clamping group 14 newborns (7%)
were admitted to the neonatal unit, compared with six (3%) in
the early cord clamping group (P=0.11, relative risk reduction
—1.2 (—4.7t0 0.1)). The indications for admission in the delayed
clamping group were transient tachypnoea (n=2), suspected
meconium aspiration (n=2), pneumonia (n=2), hypoglycaemia
(n=2), feeding difficulties (n=2), need for phototherapy (n=1),
seizures (n=1), cleft palate (n=1), and mild asphyxia (n=1). In
the early clamping group reasons for admission were transient
tachypnoea (n=2), suspected meconium aspiration (n=1),
pneumonia (n=1), hypoglycaemia (n=1), and need for
phototherapy (n=1).

At a median age of 2.4 days, mean haemoglobin levels and
packed cell volume were significantly higher in the delayed
cord clamping group, but there were no significant differences
in iron status between the two groups (table 2(/). Bilirubin
concentrations were similar in the two groups, and no differences
were seen in the proportion of infants with hyperbilirubinaemia
(>257 umol/L) (table 4])).

At 4 months of age, infants in the delayed and early cord
clamping groups had similar weights (mean 6808 (SD 872) g
v 6864 (843) g, P=0.5, mean difference —56 (—234 to 122)),
and length (64 (2) cm v 64 (2) cm, P=0.4, mean difference —0.2
(=0.6 t0 0.3)). In the delayed cord clamping group, 97 (56%)
infants were exclusively breast fed compared with 89 (51%) in
the early clamping group (P=0.45, relative risk reduction —0.09
(—0.34 to 0.11)). The proportion of infants exclusively or
partially breast fed was 138 (79%) in the delayed clamping
group and 151 (87%) in the early clamping group (P=0.09,
relative risk reduction 0.09 (—0.01 to 0.17)). There was no
significant difference regarding the proportion of iron
deficiency: seven (4%) exclusively breastfed infants had iron
deficiency compared with four (3%) among those receiving any
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amount of formula or solid food (P=0.6, relative risk reduction
-0.5 (-5.210 0.6)).

Discussion

In term infants born after normal pregnancies, delaying clamping
of the umbilical cord had significant effects on iron status at 4
months with higher serum ferritin concentration, less iron
deficiency, and similar effects on all measured indicators of
iron status except haemoglobin and packed cell volume. During
the early neonatal period, we observed less anaemia in the
delayed cord clamping group. There were no significant
differences between groups with regard to neonatal respiratory
symptoms or need for phototherapy.

Strengths and limitations of the study

This is one of the largest randomised controlled studies
comparing delayed and early cord clamping in full term infants,
and the first to assess effects on iron status beyond the neonatal
period in a high income country.” Iron is stored mainly in bone
marrow and liver, and measurements using blood or serum are
only indirect estimates. Consequently, such measurements have
various limitations, including sensitivity to inflammation
(ferritin, transferrin saturation), poor sensitivity for mild iron
deficiency (haemoglobin, mean cell volume, mean cell
haemoglobin concentration), or lack of reliable reference
intervals (transferrin receptors and reticulocyte haemoglobin).*’
By including a range of iron status indicators in addition to
ferritin (all showing highly significant differences in iron status
at 4 months of age in relation to time of umbilical cord
clamping), our study offers strong evidence regarding iron status.

The study was not primarily designed or powered for assessing
possible adverse effects of delayed cord clamping or other
secondary outcomes, but our results are consistent with findings
in other published studies.

One limitation in our study is that it was not possible to measure
the amount of blood actually transfused from the placenta into
the newborn child. There are, however, several indications that
an increased placental transfusion occurred in the group
subjected to delayed cord clamping, since infants in this group
had 96 g higher birth weight, less blood retained in the placenta,
and higher haemoglobin levels and packed cell volume at 2 days
of age.

The level at which the baby is held before clamping also affects
the speed and amount of placental transfusion.* ** To facilitate
the placental transfusion, midwives were instructed to hold the
infant at 20 cm below the vulva, which is slightly lower than in
other studies that have used the level of the uterus® or 10 cm
below the vaginal introitus.”” ** *'We did not measure the exact
level each infant was held at. The recommended level was
regarded as practical since it corresponded to the position of the
lower part of the delivery bed. Neither did we assess exactly
how long the babies were held in this position, since it would
have been difficult to measure this and still mimic clinical
practice.

Another limitation is that our study included only full term, low
risk deliveries by healthy mothers from a well nourished
population. The findings may not be generalisable to term infants
with various perinatal risk factors such as maternal diabetes or
intrauterine growth restriction.

Infant diet will also affect iron stores during infancy,” and
prolonged exclusive breast feeding may increase the risk of iron
deficiency.* However, we did not find higher prevalence of
iron deficiency among the exclusively breastfed infants at 4

months old. Even though infant diet certainly is important for

prevention of iron deficiency; from a public health perspective
it is probably much easier to improve umbilical cord clamping
policies than to improve dietary intakes in a whole population.

Comparison with other studies

Our observed effect of delayed cord clamping on ferritin levels
at 4 months (a 45% increase) was similar to that found at 6
months in a Mexican trial,” and, in accord with that trial, we
observed no persisting effect on haemoglobin levels. Two
meta-analyses, mainly based on trials in low and medium income
settings, have shown that delayed cord clamping improves serum
ferritin concentration at 3—6 months of age without affecting
haemoglobin.'® *

It has been postulated that delayed cord clamping may increase
the risk of neonatal polycythaemia and respiratory symptoms,
but we did not find any group differences in these outcomes,
which is also consistent with the Cochrane meta-analysis.'s
Similar to results from two previous studies,” ** we found a
higher risk of neonatal anaemia in the early cord clamping
group, but no infant required treatment.

Fourteen infants in the delayed cord clamping group were
admitted to the neonatal unit, compared with six in the early
cord clamping group (non-significant difference), but only five
of the admissions in the delayed clamping group and four of
those in the early clamping group could reasonably be attributed
to the intervention (transient tachypnoea, hypoglycaemia, and
need for phototherapy). There have been inconsistent results on
the possible association between delayed cord clamping and
neonatal jaundice, and the Cochrane review that reported a
significant increase in infants needing phototherapy for jaundice
relied heavily on unpublished data.'® In our study there were no
group differences in bilirubin concentrations or need for
phototherapy even though we observed a relatively large
difference in haemoglobin concentration at 2 days of age. Our
results therefore strongly suggest that delayed cord clamping
is not associated with any increase in the need of phototherapy
in term infants, in agreement with the recent meta-analysis in
JAMA”

We observed an unexpected difference in cord blood
haemoglobin concentration; the delayed cord clamping group
had 4.8 g/L lower cord haemoglobin concentration than the
early cord clamping group. A similar result was reported in the
Cochrane report, with a mean difference in haemoglobin
concentration of 4.2 g/L,' although this result was not discussed
in the Cochrane report or in the original studies reporting this
outcome. From the current data, we cannot explain the difference
in cord haemoglobin. We speculate that the lower umbilical
cord haemoglobin level and packed cell volume in the delayed
cord clamping group could be due to changes in blood rheology
or transendothelial plasma leakage in the umbilical cord after
cord clamping, and that the difference does not reflect a true
difference in haemoglobin level between the two groups before
cord clamping.

Interpretation of results

We found significant differences between the intervention
groups at 4 months of age in all measures of iron status except
haemoglobin and packed cell volume, all pointing to an inferior
iron status in the early cord clamping group. Lower ferritin
concentrations, a higher log ratio of soluble transferrin receptor
to ferritin, and lower total body iron index suggest depleted iron
stores; lower transferrin saturation (calculated from serum iron
and transferrin) and higher transferrin receptor levels suggest
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tissue iron deficiency; and lower mean cell volume, mean cell
haemoglobin concentration, and reticulocyte haemoglobin
suggest iron deficient erythropoiesis.

In the absence of anaemia, which is the marker of severe iron
deficiency, our findings of abnormalities in several of these
indicators (as used in our definition of iron deficiency) implies
the presence of a moderate rather than a mild iron deficiency.
The prevalence of iron deficiency was significantly higher in
the early cord clamping group than in the delayed clamping
group (6% v 1%), which might have an impact on future
neurodevelopment.’ '*'* The relation between non-anaemic iron
deficiency and neurodevelopment is supported by a recent
meta-analysis, which shows significant improvement of
psychomotor development in non-anaemic infants given iron
supplements."

The lack of a persisting effect from delayed cord clamping on
haemoglobin at 4 months of age can be explained by the
physiological and gradual transfer of iron from erythrocytes to
iron stores (measured by ferritin) as the haemoglobin
concentration decreases and approaches its individual,
genetically and environmentally determined “set point” some
time after 2 months of age. This is supported by results from
studies in Guatemala, India, and Mexico, which show effects
of delayed cord clamping on haemoglobin at 2 months of age'
and an effect on ferritin (but not haemoglobin) at 3—6 months.'* *

Only two infants fulfilled the criteria for iron deficiency anaemia
at 4 months; both infants belonged to the early cord clamping
group. This low prevalence was expected, since iron deficiency
anaemia usually does not develop until after 4-6 months of age
in term, normal birthweight infants, even in low or middle
income countries with a high general prevalence of anaemia.”

Conclusions and policy implications

We conclude that delayed cord clamping, in this randomised
controlled trial, resulted in improved ferritin levels and reduced
the prevalence of iron deficiency at 4 months of age. Delayed
clamping also reduced the prevalence of neonatal anaemia at 2
days of age without increasing the rate of respiratory symptoms
or need for phototherapy in this sample of 382 full term infants
born in a high income country. Two meta-analyses of clamping
studies performed in low or middle income countries with a
high general prevalence of anaemia found similar effects on
ferritin as we did and concluded that this effect is clinically
relevant and should lead to a change in practice.'® ** Iron
deficiency even without anaemia has been associated with
impaired development among infants. Our results suggest that
delayed cord clamping also benefits infant health in regions
with a relatively low prevalence of iron deficiency and should
be considered as standard care for full term deliveries after
uncomplicated pregnancies. Further studies are needed to
explore long term health effects of delayed and early cord
clamping.
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Tables

| Baseline characteristics of mother-infant dyads who participated in randomised trial of early umbilical cord clamping (<10 s after
delivery) versus delayed clamping (=180 s). Values are means (SD) unless stated otherwise

Cord clamping

Early (n=189) Delayed (n=193) P value of difference

Maternal characteristics

Age (years) 31.6 (4.2) 30.9 (4.7) NS
Parity (including study child) 1.76 (0.85) 1.74 (0.73) NS
Weight at first antenatal visit (kg) 66.6 (12.1) 67.4 (12.0) NS
Body mass index 23.8 (4.0) 24.2 (3.7) NS
Haemoglobin at first antenatal visit (g/L) 128 (9) 128 (11) NS
No (%) with Rh negative blood group 27 (14) 40 (21) NS
No (%) of vaginal deliveries:

Non-instrumental 176 (93) 174 (90) NS

Vacuum extraction 11 (6) 16 (8) NS

Forceps 1(0.5) 1(0.5) NS
No (%) of caesarean sections 1(0.5) 2(1) NS

Infant characteristics

Gestational age (weeks) 40.1 (1.1) 40.0 (1.1) NS
No (%) of males 93 (49) 86 (45) NS
No (%) with Apgar score 7-10 at 1 minute 181 (96) 188 (97) NS
Birth weight (g) 3533 (486) 3629 (460) 0.05*
Birth length (cm) 50.8 (1.9) 50.9 (1.9) NS
Head circumference (cm) 34.7 (1.4) 34.9 (1.4) NS
Umbilical cord haemoglobin (g/L) 163 (16) 159 (18) 0.01t
Umbilical cord packed cell volume 0.49 (0.04) 0.47 (0.05) 0.01%

NS=Not significant (P>0.05).

*Mean difference 96 g (95% CI 0.3 to 191).

tMean difference —-4.7 g/L (95% CI -8.4 to -1.1).
tMean difference —0.013 (95% CI —-0.024 to —-0.003).
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| Measures of complete blood count and iron status at 2 days and 4 months of age in infants who were randomised to early umbilical
cord clamping (<10 s after delivery) or delayed clamping (=180 s). Values are means (SD) unless stated otherwise

2 days 4 months

Cord clamping Cord clamping

Difference (95% Cl), P Difference (95% Cl), P

Early Delayed value Early Delayed value
Blood count (n=160) (n=162) (n=175) (n=168)
Haemoglobin (g/L) 175 (19) 189 (17) 13.5 (9.6 to 17.5), 113 (7) 113 (8) 0.0 (-1.6t0 1.6), 0.98
<0.001
Packed cell volume 50 (5) 53 (5) 3.5 (2.4 t0 4.6), <0.001 33 (2) 33 (2) -0.2(-0.7100.2), 0.28
Mean cell volume (fL) 98.3 (3.8) 98.4 (3.7) 0.1 (-0.7t0 0.9), 0.82 78.0 (3.1) 79.0 (3.2) 1.0 (0.3t0 1.7), 0.004
Mean cell haemoglobin 354 (7) 356 (8) 2.2 (0.6 t0 3.9), 0.008 344 (0.8) 346 (0.8) 2.6 (0.9 t0 4.3), 0.002
concentration (g/L)
Reticulocyte 32.5(2.4) 32.7 (2.6) 0.2 (-0.4t00.7), 0.54 28.9 (2.1) 29.6 (1.9) 0.6 (0.2 to 1.0), 0.005
haemoglobin (pg/L)
Reticulocyte count 171 (47) 168 (44) -3(-13t07),0.54 37 (11) 40 (11) 2.5(0.110 4.8), 0.04
(x10%L)
Iron status*
Iron (umol/L) 9.9 (2.9) 9.9 (2.7) -0.1(-0.710 0.6), 0.88 9.3 (2.9) 10.2 (3.0) 0.9 (0.2 to 1.5), 0.007
Transferrin (g/L) 1.76 (0.26) 1.76 (0.22) 0.0 (-0.05t00.05), 0.99 2.41 (0.34) 2.28 (0.31) -0.12 (-0.19 to -0.06),
<0.001
Transferrin receptors 5.35 (1.60) 5.44 (1.64) 0.09 (-0.26 to 0.45), 3.97 (0.80) 3.73 (0.69) -0.24 (-0.40 to —0.08),
(mg/L) 0.61 0.003
Transferrin saturation 23(7) 23 (7) 0.4 (-1.9t01.2),0.65 16 (6) 18 (6) 2.4 (1.210 3.7), <0.001
(%)
Geometric mean (range) 300 (44-628) 312 (110-1029) 4.0 (-6.5t0 15.1)t,0.45 81 (6-760) 117 (20-880) 45 (23 to 71)t, <0.001
ferritin (ug/L)
LogTfR/Fer 1.41(0.27) 1.40 (0.25) —0.01 (~0.07 to 0.05), 1.85 (0.43) 1.66 (0.33) -0.19 (-0.27 to -0.11),
0.74 <0.001
Total body iron (mg/kg) 11.7 (2.2) 11.8 (2.1) 0.1 (-0.410 0.6), 0.74 8.1 (3.5) 9.6 (2.7) 1.6 (0.9 to 2.3), <0.001

LogTfR/Fer=log ratio of transferrin receptor and ferritin.

*Numbers of successful analyses of iron status for early and delayed clamping groups were: at 2 days, iron and transferrin saturation (n=137, 146), transferrin
(n=155, 158), transferrin receptors (n=156, 157), and ferritin, LogTfR/Fer, and total body iron (n=152, 156); at 4 months, iron, ferritin, LogTfR/Fer, total body iron,
and transferrin receptors (n=175, 172), transferrin and transferrin saturation (n=175, 171)

TGeometric mean ratio in percentage.
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| Proportion of infants randomised to early umbilical cord clamping (<10 s after delivery) or delayed clamping (=180 s) who had iron
status indicators outside reference limits at 4 months old. Values are numbers (percentages) unless stated otherwise

el i Relative risk reduction (95% Number needed to treat

Early (n=175) Delayed (n=172%) P value Cl) (95% CI)
Ferritin <20 pg/L 13 (7.4) 0(0.0) <0.001 1.0 (0.71-1.00) 14 (14 to 25)
Mean cell volume <73 fL 9 (5.1) 4(2.4) 0.26 0.54 (-0.39 to 0.85) NA
Transferrin saturation <10% 24 (13.7) 10 (5.8) 0.02 0.57 (0.15t0 0.79) 13 (8 to 62)
Transferrin receptors >7 mg/L 0 0 NA NA NA
Iron deficiencyt 10 (5.7) 1(0.6) 0.01 0.90 (0.38 to 0.98) 20 (17 to 67)
Anaemia (Hb <105 g/L) 21 (1.2) 21 (1.25) 1.0 -0.04 (-0.83 10 0.41) NA

NA=not applicable.
*Number of successful analyses were 168 for mean cell volume and anaemia, 171 for transferrin saturation, and 166 for iron deficiency.
tDefined as 22 iron indicators (low ferritin, low mean cell volume, low transferrin saturation, high transferrin receptors) outside reference range.
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| Hyperbilirubinaemia and need for phototherapy at 2 days old among infants randomised to early umbilical cord clamping (<10 s
after delivery) or delayed clamping (=180 s). Values are humbers (percentages) unless stated otherwise

Cord clamping

Early (n=189) Delayed (n=192) P value Relative risk reduction (95% CI)
Mean (SD) bilirubin (umol/L)* 144 (62) 145 (67) 0.961
Bilirubin >257 pmol/L* 7 (5.4) 4(2.9) 0.37 0.46 (-0.70 to 0.83)
Treated with phototherapy 2(1.1) 1(0.5) 0.62 0.52 (-2.7 t0 0.94)

*Numbers of successful analyses of bilirubin for early and delayed clamping groups were 129 and 136.
tMean difference 0.4 pmol/L (95% CI -15.2 to 16.1).
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No reason given (n=8)
No record of time (n=11):
Acute caesarean section (n=2)
Assisted vaginal delivery (n=3)
No time to open allocation envelope (n=1)
No reason given (n=5)

Lost to follow-up
(family withdrew from study) (n=3)

Follow-up at 2 days
Analysed (n=193)
Excluded from analysis (n=4):
Inclusion criteria violated (n=4):
Mother smoked (n=2)
Mother observed for intrauterine growth
restriction (n=1)
Post-term birth (n=1)

Lost to follow-up
(family withdrew from study) (n=12)

Follow-up at 4 months
Analysed (n=174):
Received allocated intervention (n=150)
Did not receive intervention (n=24)
Excluded from analysis (n=7):
Blood samples taken »21 days after 4 months
(n=2)
C reactive protein >10 (n=5)
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