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Abstract
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The aim of this thesis was to study maternal and infant effects of delayed cord clamping
(≥180 seconds, DCC) compared to early (≤10 seconds, ECC) in a randomised controlled trial.
Practice and guidelines regarding when to clamp the cord vary globally, and different metaanalyses have shown contradictory conclusions on benefits and disadvantages of DCC and
ECC.
The study population consisted of 382 term infants born after normal pregnancies and randomised to DCC or ECC after birth. The primary objective was iron stores and iron deficiency at 4 months of age, but the thesis was designed to investigate a wide range of suggested effects associated with cord clamping.
Paper I showed that DCC was associated with improved iron stores at 4 months (45%
higher ferritin) and that the incidence of iron deficiency was reduced from 5.7% to 0.6%.
Neonatal anaemia at 2-3 days was less frequent in the DCC group, 1.2% vs. 6.3%. There were
no differences between the groups in respiratory symptoms, polycythaemia, or hyperbilirubinaemia.
In paper II we demonstrated that DCC versus ECC was not associated with higher risk for
maternal post partum haemorrhage and rendered a comparable ratio of valid umbilical artery
blood gas samples.
In paper III, the Ages and Stages Questionnaire was used to assess neurodevelopment at 4
months. The total scores did not differ, but the DCC group had a higher score in the problemsolving domain and a lower score in the personal-social domain. Immunoglobulin G level was
0.7 g/L higher in the DCC group at 2–3 days, but did not differ at 4 months. Symptoms of
infection up to 4 months were comparable between groups.
Finally, in paper IV, iron stores and neurodevelopment were similar between groups at 12
months. Gender specific outcome on neurodevelopment at 12 months was discovered, implying positive effects from DCC on boys and negative on girls.
We conclude that delaying umbilical cord clamping for 180 seconds is safe and associated
with a significantly reduced risk for iron deficiency at 4 months, which may have neurodevelopmental effects at a later age.
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CRP
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Iron deficiency anaemia
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Mean cell haemoglobin concentration
Mean cell volume
Maternal postpartum haemorrhage
Reticulocyte haemoglobin
Reticulocyte count
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Introduction

This thesis is aimed at comparing effects of delayed versus early umbilical
cord clamping at birth and during the infant’s first year of life. Despite being
an experience all humans have in common; questions still remain regarding
the optimal way of managing birth. The optimal time-point for umbilical
cord clamping after delivery has been under debate for several decades. Advocates for early cord clamping (ECC) argue that delayed cord clamping
(DCC) can be physiologically distressing on the infant’s circulation and that
the risk for polycythaemia and jaundice is increased. Other rationales for
ECC are the recommendation to practice ‘active management of third stage
of labour’ (AMTSL), in which ECC has been a part, and the widely used
routine to analyse umbilical arterial blood samples immediately after birth.
More recently, the new possibility of harvesting haematopoietic stem cells
from the placental-fetal blood has been associated with a need for ECC.
Since an increased volume of blood can be collected from the placental circulation after early cord clamping, a higher count of stem cells can be harvested.
Advocates for DCC, on the other hand, argue that this practise is the
‘natural way’ of terminating a delivery. Furthermore, an accumulating number of studies, published after 1997 when the two first modern cord clamping
studies including follow-up of 2-3 months were published,1 2 support the
finding that the large transfusion to the newborn infant that is accomplished
by DCC could prevent iron deficiency. Preventing iron deficiency, and more
importantly iron deficiency anaemia, could have important health implications concerning the child’s development, especially in low income countries
with a high prevalence of iron deficiency.
In 2006, a telephone survey to Swedish obstetric units showed that 30 out
of 48 units practised early cord clamping as clinical standard (O Andersson,
unpublished data). The most frequent reason given for practising ECC was
to obtain a blood gas sample from the umbilical cord. However, several
midwives answering the survey expressed hesitation against the ECC routine. Preconceptions against DCC were also common, especially on the risk
for neonatal jaundice. The possible benefit of preventing iron deficiency
with DCC was questioned because of the presumed well nurtured Swedish
population. It was obvious that, in spite of 130 years of studies on the subject, no firm conclusions could be drawn from previous studies and there
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was still a need for a large randomised trial aimed to study effects on both
the infant and the mother, and with a longitudinal perspective.

The fetal-placental circulation
During pregnancy, the fetal-placental circulation transports oxygen and nutritional elements from the placenta to the fetus, and metabolic residues from
the fetus to the placenta. The total fetal blood volume is approximately 115
ml/kg. The proportion of fetal blood that at any moment circulates in the
placenta diminishes during pregnancy, and is estimated to be around 50% at
30 gestational weeks and 35 % at term.3 For a term pregnancy, containing a
fetus with a normal weight of 3.5 kg, this distribution corresponds to approximately 140 ml of blood in the placenta and 260 ml in the fetus.
In the 1960s and early 1970s, Lind and colleagues extensively studied the
fetal-placental circulation.4-8 After delivery, blood circulates in the umbilical
arteries from the newborn infant mainly during the first 25 sec, and after 45
sec the circulation becomes negligible indicating a closure of the fetalplacental circulation. In contrast, the blood flow from the placental side to
the infant through the umbilical vein is maintained during the first 3 min of
birth, largely influenced by uterine contractions.9 Consequently, a net transfusion of blood from the placenta to the infant is accomplished. The total
placental transfusion to the infant is about 30 ml/kg, leaving 15 ml/kg in the
placenta, Figure 1.

Figure 1. Distribution of the blood volume in the placenta and in the fetus before
birth, and after birth in the placenta and infant after early cord clamping (left) and
delayed cord clamping (right).
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The placental transfusion occurs mainly within 1 min, and is usually complete after 3 min.6 Also the level of the baby in relation to the placenta affects the placental transfusion. If the baby is held 20 cm below the placenta
the complete transfusion will be performed within 1 min, but if the baby is
held 20 cm over the level of the placenta, the transfusion will be about 20
ml/kg, and at 40 cm above the placenta no transfusion occurs. The rate of the
transfusion is also dependent of the contractions of the uterus.7
In agreement with the older studies referred to above, Farrar et al presented data in 2011 on placental transfusion after having weighed newborns
with the umbilical cord intact using digital scales that recorded an average
weight every 2 sec. Placental transfusion was calculated from the change in
weight between birth and either cord clamping or when weighing stopped.
Placental transfusion was usually complete by 2 min, but sometimes continued for up to 5 min and contributed with 32 ml/kg (95% CI, 30 to 33 ml) to
blood volume,10 a volume very close to the results from Lind et al.

Early and delayed cord clamping - definitions
Different definitions of ECC have been used, with the time varying from
immediately to within one min after delivery of the baby. In modern trials
ECC has usually been defined as clamping within 10-30 sec after birth. The
time to cord clamping is also dependent on how the moment of birth is defined; after the passage of the shoulders or, more commonly, after total expulsion of the child. In standard obstetric practice the umbilical cord is usually clamped or ligated, and cut, before the delivery of the placenta. To our
knowledge, at least since after the introduction of the fetal surveillance
method STAN,11 immediate clamping has been the standard of care in several Swedish obstetric units, including Hospital of Halland, Halmstad, where
our study was performed. Two main advantages of ECC have been proposed: a reduction of maternal postpartum haemorrhage (PPH) as part of
AMTSL12, and facilitation of blood gas sampling from the umbilical cord.13
Late or delayed cord clamping is usually defined as cord clamping 2-3
min after delivery, or after cessation of cord pulsations.14 15 The main proposed advantage of DCC is prevention of infant iron deficiency, a condition
that is associated with suboptimal neurodevelopment.16 17 The rationale for
this strategy is that a placental transfusion of 80-100 ml of blood will supply
40 to 50 mg/kg of additional iron to the basal stores of 75 mg/kg of body
iron in a newborn term infant. Delayed cord clamping is associated with
higher haemoglobin (Hb) in the neonatal period18 and at 2 months of age,1
and with significantly higher iron stores at 6 months of age.19
Some studies suggest that DCC may have adverse neonatal effects with
increased risk of respiratory symptoms,20 polycythaemia,21 hyperbilirubinaemia22 and need of phototherapy.14 16
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Unclamping the previously clamped and separated umbilical cord, and allowing the blood from the placenta to drain freely into an appropriate container, has been shown to shorten third stage labour and decrease the incidence of retained placenta.23 This drainage corresponds to the transfusion
occurring from the placenta to the infant during DCC.

Overview of previous research on cord clamping
Physiological and health effects of cord clamping in relation to time after
delivery, have been studied since 1875.24 In 1967, Moss and MonsetCouchard published an extensive comparison of ECC and DCC based on 84
studies.25 The review was mainly oriented at effects on the newborn infant
during the first days after birth and concluded that DCC was associated with
higher Hb and haematocrit (Hct). No differences were noticed in bilirubin,
and hemodynamic findings were variable. Nelle and co-workers published
three studies in the 1990s demonstrating that DCC resulted in higher blood
viscosity, which was compensated for by peripheral vasodilatation.26-28 The
higher neonatal blood viscosity was still present at 5 days of age and associated with a slower postnatal decrease of pulmonary vascular resistance.
In the largest randomised controlled trial conducted so far, and published
in 2006, Ceriani Cernadas et al18 randomly assigned 276 newborn infants
into three groups according to time for umbilical cord clamping after delivery: within 15 sec, after 1 min, and after 3 min, respectively. The primary
outcome was venous Hct at 6 h postnatal age. Haematocrit was not significantly different between the three groups at 6 h, but in the 3-min group a Hct
above 65% was significantly more prevalent (14.1%), but no infants had
clinical signs of polycythaemia. At 24-48 h after birth, the prevalence of
anaemia (Hct <45%) was significantly higher in the group randomised to
cord clamping < 15 sec as compared to the other two groups. Secondary
outcomes, e.g. plasma bilirubin at 24-48 h, early neonatal morbidity and
mortality, and health at 1 month did not differ between the groups; neither
did maternal factors such as maternal postpartum haemorrhage (PPH) or
maternal Hct at 24 h after delivery. The investigators concluded that the
practice of DCC for more than 1 min is safe and should be implemented to
increase neonatal iron storage at birth.
Only a few controlled trials have assessed effects of DCC 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,2 29 Guatemala,1 Mexico,19 and Zambia30). The longest follow
up of a randomised controlled trial evaluating ECC versus DCC is 6 months.
In addition, at least two studies have been published in other languages than
English, a 3-month follow up in Brazil, 31 and a 6-month follow up in Argentina.32
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Chaparro et al19 investigated whether a 2-min delay in cord clamping (after delivery of the infant’s shoulder) would improve iron stores and haematological status in full-term infants at 6 months of age, as compared to ECC
around 10 sec after delivery. Of the 476 mother-infant pairs who were recruited, 358 (75%) completed the trial. At 6 months, infants who were subjected to DCC had higher mean cell volume (MCV), higher ferritin levels
and higher iron stores (27-47 mg). The effects of DCC were more pronounced in infants born to mothers with low ferritin at delivery, in breastfed
infants, and in infants with birth weights 2500-3000 g. Including these results, two meta-analyses have concluded that DCC results in higher levels of
serum ferritin at 3-6 months of age.14 16
The timing of umbilical cord clamping could be important also in highincome countries, not least due to the relatively high reported prevalence of
ID in Europe and USA.33 34 Still, there is currently no other available data
concerning health effects of DCC beyond the neonatal period in term newborn infants in high-income countries.
The growing body of studies has established a theoretical model, here
called the ‘placental transfusion model’, Figure 1, consisting of the following elements:

Figure 2. The placental transfusion model

(1) DCC contributes to a net transfusion of umbilical cord blood. (2) This
placental transfusion adds to elevated haemoglobin in the newborn period
and at two months of age. (3) As the physiologic haemolysis occurs during
the first months of life, haemoglobin is metabolised and transferred to the
15

iron stores throughout the body, reflected in higher levels of ferritin, transferrin saturation (TS), MCV and lower levels of soluble transferrin receptors
(TfR).
As a further, hypothetical part of the ‘placental transfusion model’ it is
hypothesised that (4) the excess iron received by placental transfusion could
prevent iron deficiency and as a result of this also protect from iron deficiency anaemia and iron deficiency-associated neurodevelopmental and behavioural deficits.

Active management of third stage of labour
Excessive maternal post partum bleeding is a dangerous complication of
childbirth. It is associated with failure of the uterus to contract efficiently
during and after the third stage of labour, i.e. after the expulsion of the placenta. In order to ‘actively’ prevent PPH, drugs increasing the contractility
of the placenta have been used for centuries.35 Preparations of ergot have
been known to have oxytocic effects at least for 600 years, and came in to
obstetric practise in the 19th century. With development of the alkaloids ergotoxine and ergotamine in the early 20th century and ergometrine in 1935,36
active management, in the meaning administrating an oxytocic drug, became
established.
In 1988, in the ‘Bristol trial’, Prendiville and colleagues randomly assigned delivering women to physiological (n=849) or active (n=846) management.12 Adherence to the protocol was almost complete in the active arm:
99% received a prophylactic oxytocic drug, early cord clamping (≤ 30 sec),
and cord traction before placental delivery. However, only 47% of those
randomised to physiological management received the allocated intervention; 20% received a prophylactic oxytocic, 40% underwent cord traction
and in 51% the cord was clamped before placental delivery. Results in the
physiological group showed three times higher prevalence of PPH of more
than 500 ml (17.9% vs. 5.9%), and severe PPH of more than 1000 ml (3.1%
vs. 0.8%) as compared to the active management, and also an increased need
for maternal blood transfusion, 5.7% in the physiological group versus 2.1%
in the active group.

Guidelines for umbilical cord clamping
In many high-income countries there is an ongoing debate whether to practice ECC or DCC. Early cord clamping is probably the dominating practice
worldwide, although recent and reliable data are scarce. An increased
awareness of the possible long-term advantages for the infant after DCC is
weighted against possible risks, mainly hyperbilirubinaemia. In Europe, as
well as in other parts of the world, the practice varies substantially both between and within countries.37 38
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Figure 3 demonstrates cord clamping practices in 1175, out of 2034, hospitals participating in the EUropean Project on obstetric Haemorrhage Reduction: Attitudes, Trial, and Early warning System (EUPHRATES). This
project, which included hospitals in 14 countries, demonstrated that a large
majority of European hospitals practised early cord clamping in 2002.

Figure 3. Proportion of hospitals practicing immediate cord clamping in 14 European countries according to a survey distributed to 1175 delivery units in 2002.37

In order to reduce PPH and need of blood transfusions to the mother, the
International Federation of Obstetrics and Gynaecology (FIGO) and the International Confederation of Midwives (ICM), as well as a Cochrane report,
have previously recommended that immediate cord clamping should be performed together with controlled cord traction and administration of an oxytocic drug.39 40 These recommendations were based on results from five randomised controlled trials.12 41-44
In Sweden, no specific recommendations regarding time to cord clamping
were issued in the ‘State of the Art’ document published by the National
Board of Health and Welfare in 2001.45 After the last years’ growing support
for DCC,14 16 the FIGO/ICM in 2006 revised their statement from 2003 and
omitted ECC as a part of active management of third stage labour.40 In 2007,
the National Institute for Health and Clinical Excellence in UK published
new guidelines, recommending ECC.46 In Sweden, recommendations to perform DCC were published in 2008 by representatives from the national organisations of midwives, obstetricians and neonatologists.47 The WHO published documents in 2007 and 2009 recommending DCC.48 49
In contrast, the Society of Obstetricians and Gynaecologists of Canada in
2009 recommended that the possible risk for neonatal jaundice requiring
phototherapy must be weighed against the benefits of DCC.50 The latest
Cochrane review on AMTSL from 2011 do not make any clear recommendations on DCC versus ECC but concludes on ‘Active versus expectant
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management’ that women should be given information on the benefits and
harms of both methods to support informed choice.51 The American College
of Obstetricians and Gynecologists published a committee opinion in December 2012 stating that there was insufficient evidence to confirm or refute
the potential for benefits from DCC.52 The lack of consensus is also reflected
by the results in a survey performed in 2008 including replies from 926 obstetricians and 1297 midwives in the UK, reporting that 74% of obstetricians
and 41% of midwives clamp the cord within 20 sec. Furthermore, 81% of
obstetricians and 89% of midwives replied that more evidence from randomised trials was needed regarding the best time to clamp the cord’.53

Figure 4. Reported practice of early cord clamping, by interview and/or observed
practices, in Sweden, UK, Albania, Nigeria and Zambia. 53-56

Umbilical cord blood gas sampling
A blood gas sample from the umbilical artery is an important tool for quality
control of obstetric care, and the result may also have medicolegal implications.13 57 In order to reflect the acid-base balance at the time of birth, and
obtain the sample before the baby’s first breaths, the most commonly recommended technique for umbilical cord blood sampling is to double-clamp
the umbilical cord immediately after delivery and then collect the blood
sample from the intervening segment.57 To ensure that an arterial sample is
obtained, it is proposed that paired arterial and venous samples should be
taken for comparison.58 However, this technique excludes the possibility of
DCC.
In Sweden, several hospitals have used a modified method for blood sampling from the unclamped pulsating cord,59 allowing sampling from the umbilical artery directly after birth and, at least in theory, at the same time allowing for the placental transfusion.60 This alternative method for obtaining
umbilical cord blood samples has been mentioned in two previous publica18

tions,59 61 but to our knowledge there are no published data evaluating the
method in relation to umbilical cord blood gas samples taken from the immediately clamped cord in a randomised trial.

Iron deficiency
Infants and pre-school children are at particular risk of iron deficiency (ID)
due to high iron requirements during rapid growth in combination with low
iron intakes.62 A large number of studies have investigated consequences of
ID on neurocognitive development in infants and children. A causal connection has not been clearly established, although evidence for adverse effects
of ID is increasing63 Associations have been made between ID and altered
emotional regulation, impaired motor development and cognitive delays.17 62
64
Two recent meta-analyses conclude that iron supplementation improves
psychomotor and mental development in infants and children,65 66 and a recent Swedish trial demonstrated that early iron supplementation of marginally low birth weight infants significantly reduced the prevalence of behavioural problems at 3.5 years of age.67
Gunnarsson et al68 evaluated the possible association between iron status
at 1 and 6 years with development at 6 years in a cohort of Icelandic children. They found that ID at 1 year was associated with lower fine motor
development scores at 6 years. Haemoglobin levels at 6 years were positively associated with gross motor development. In French children aged 414 years, Konofal et al69 demonstrated that children with attentiondeficit/hyperactivity disorder (ADHD) had lower serum ferritin than controls
and also that lower ferritin levels correlated with more severe ADHD symptoms and greater cognitive defects. In a later study, the same group randomised iron deficient children aged 5-8 years, who met DSM-IV (Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition) criteria for ADHD,
to either oral iron or placebo for 12 weeks. Iron supplementation was associated with a significant decrease in the ADHD Rating Scale.70 Data from
animal studies support these observations, demonstrating impaired myelination, altered neurotransmitter function and neurometabolism in iron deficient
juvenile rats.71 72
Iron deficiency anaemia (IDA) is the most severe form of ID and is a
large public health problem in children, especially in low-income countries.
Iron deficiency anaemia in young children is associated with suboptimal
development and long-lasting cognitive and behavioural deficits.17 63 73 Globally, approximately one fourth of all pre-school children are estimated to be
affected by IDA.
Most commonly, ID and IDA have been studied in low or middle income
countries, where the prevalence of these disorders are higher. In Europe, the
prevalence of ID has been reported to be as high as 26%, and the prevalence
of IDA is 3-7% among young children.74-76 Consequently, since DCC is as19

sociated with improved iron status in infants it could also have an impact on
ID-related adverse effects also in high income countries such as Sweden.
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Aims of the thesis

The overall aim of this thesis was to investigate effects of delayed and early
cord clamping on maternal and newborn infant health, and on infant outcomes up to 12 months of age (including iron status, infections, growth and
development) in a low risk population randomised at delivery to DCC or
ECC.
The specific aims were to compare effects of DCC versus ECC on:
• neonatal morbidity and iron status at 4 months of age (paper I);
• the third stage of labour and maternal PPH, and rates of valid umbilical cord blood gas samples (paper II);
• Neurodevelopment, Ig G levels and rate of infection symptoms at
four months of age (paper III)
• Iron status and neurodevelopment at 12 months of age (paper IV)
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Methods

Trial design
Randomised controlled trial (parallel-group study with 1:1 randomisation)
comparing delayed cord clamping (DCC) with early cord clamping (ECC).
The study was conducted between April 2008 and May 2010 at the Hospital
of Halland, Halmstad, Sweden.

Participants
Pregnant women were eligible if they met the following criteria: nonsmoking; healthy (no haemolytic disease, no treatment with any of the following drugs: anticonvulsants, antidepressants, thyroid hormone, insulin,
chemotherapy or cortisone); normal pregnancy (no preeclampsia, no diabetes, no prolonged rupture of membranes or signs of infection); singleton;
term pregnancy (gestational age 37+0 until 41+6 weeks+days); expected
vaginal delivery with cephalic presentation. The mother should be able to
master Swedish well enough to participate in the study and should live close
enough to the hospital to be willing to return for follow up after four months.
Neonatal exclusion criteria were serious congenital malformations, syndromes or other congenital diseases that could affect outcomes. Pregnant
women were first given information about the trial at the antenatal health
care centre at about 34 weeks of gestation. 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 before delivery from the pregnant woman, and when possible, from
both parents.

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).
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Intervention
When delivery was imminent (expected within 10 min), the midwife opened
a sealed numbered opaque envelope containing the treatment allocation. The
intervention in the DCC group consisted of delayed clamping of the umbilical cord (≥ 180 sec) and the ECC group consisted of early clamping of the
umbilical cord (≤ 10 sec). In both randomisation groups, the midwife was
instructed to hold the newborn infant at a level around 20 cm below the
vulva for 30 sec, and then place the baby on the mother’s abdomen. Due to
the possibility to fold down the lower part of the delivery bed, 20 cm was
chosen as a practically obtainable level. Babies born by caesarean section
were placed on their mothers’ lap before clamping according to clinical routines. All other aspects of obstetric care were managed according to standard
practice at the hospital. In line with hospital routine, oxytocin (10 IU, corresponding to 16.7 µg) was administered intravenously to the mother immediately after cord clamping. The midwives were also instructed to perform
controlled cord traction, by putting a clamp on the umbilical cord close to
the woman’s perineum, and then push gently with one hand on the lower
uterine segment and simultaneously with the other hand pull the cord carefully until the placenta was delivered. 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 and during the
study.
After delivery, the mothers and their babies were cared for according to
clinical routines and early breastfeeding was encouraged. Infants stayed at
the postnatal ward together with their mothers for 2-3 days, except well babies to mothers who preferred to leave the hospital earlier, or infants who
were admitted to the neonatal unit. A physician examined all infants during
the first 72 h, according to clinical routines.

Blinding
Due to the study design, neither the mother giving birth nor the midwife
performing the intervention could be 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 the infant’s allocation group. Staff performing the
follow up during the first year of life was blinded to randomisation group,
and the parents were asked not to tell the randomisation group to the staff
unless it was necessary for some reason.
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Data collection
Maternal data
The following information was collected from maternal health care records
from the time of admission to antenatal care: reported illness, medication,
parity, weight, length and body mass index (BMI), smoking habits, blood
group Rhesus factor status, and Hb value. After giving birth, the estimated
maternal postpartum blood loss was recorded by the midwife within two h
after childbirth by weighing pads, sheets and other textiles, and by measuring the volume of blood collected in a pan. The time between the delivery of
the infant and the delivery of the placenta was noted. During postnatal care,
mothers were interviewed concerning their dietary preferences and use of
iron supplements during pregnancy and answers were noted in the study
protocol.

Neonatal data
The midwife’s assistant measured the time from complete delivery of the
baby to the first clamp on the umbilical cord with a stopwatch. Venous and
arterial cord blood samples for assessment of acid base status were taken
within 30 sec from the unclamped cord in the DCC group and within 10 min
from the double clamped segment of the umbilical cord in the ECC group.
Additional blood samples included in the study 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.
The infant was assessed at 1 and 6 h by the midwife, who recorded if the
baby had been breastfed and the presence of respiratory symptoms, i.e. respiratory rate above 60, presence of nostril flaring, grunting or intercostal retractions.
All neonatal diagnoses were reported in the study protocol. At 48-72 h after birth, a midwife or a neonatal nurse collected study samples 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. A physician reviewed the results
from study samples once a week, and appropriate action was taken if necessary. Six infants were considered to have anaemia at 2 days of age (for definitions see below) and were referred for further diagnostics, but none of
them needed treatment.
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4 and 12 month data
At 4 months of age, infants were scheduled for a follow up visit including
blood sampling, weight and length measurements. Venous blood sampling
was performed after application of a local anaesthetic (EMLA®, AstraZeneca). Before discharge from the postnatal ward, the family was asked to
regularly record data regarding their infant’s health (fever, visit to doctors,
etc, see details below) until the visit at 4 months (the ‘morbidity questionnaire’).
In the morbidity questionnaire, parents were asked to note, on a daily basis, if the child had: symptoms of infection (fever 38.0 or more), abdominal
problems (watery diarrhoea; loose stools; hard stools; abdominal pain; vomiting), airway problems (cough; breathing difficulties; rhinorrhoea/runny
nose; nasal congestion), other problems (otitis; rash; excessive crying; tiredness), visiting a doctor (paediatrician; other doctor), if the child had antibiotics and if the child had been admitted to hospital. This questionnaire was
previously used by Berglund et al.77
One month before the planned 4 and 12 month visits, parents received a
letter including instructions for a food diary, the appropriate Ages and Stages
Questionnaire (ASQ) directed to 4 or 12 month old infants, respectively, and
the suggested date and time for the visit. Parents were asked to complete the
3-day food diary before the visit to assess whether the infant was exclusively
or partially breastfed and whether formula or solids were given at 4 months,
and to assess the overall nutritional intake at 12 months. Also the food diary
was previously used by Berglund et al.77 The parents could answer the ASQ
at home, or at the follow up visit. Table 1 gives a summary of the collected
infant data.
Table 1. Overview of collected infant data
Birth
Neonatal morbidity

§

2-3 days

4 months

12 months

X

x

X

Length and weight

X

Complete blood count*

X

x

X

x

Iron status†, CRP

X

x

X

x

Bilirubin
IgG

x
X

x

X

Morbidity questionnaire

X

Food diary

X

x

ASQ

X

x

§

Neonatal morbidity: Respiratory symptoms, newborn have been breast fed and midwife assessed ‘well being’. *Complete blood count: Hb, Hct, MCV, MCHC, Rtc and RetHE.
†Iron status: Serum iron, transferrin, serum ferritin, TS and TfR
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Blood samples
All blood samples were analysed for ‘complete blood count’: Hb, Hct,
MCV, mean cell haemoglobin concentration (MCHC), reticulocyte count
(Rtc), and reticulocyte haemoglobin (RetHE); ‘iron status’: serum iron,
transferrin, serum ferritin, TS and TfR, and: C-reactive protein (CRP).
Bilirubin was analysed at 2-3 days and IgG at birth, 2-3 days and 4 months,
Table 1.
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 CRP.
Blood samples were stored for a maximum of 1 h in room temperature
and then transported to the hospital’s clinical chemistry laboratory where
analyses were performed. Complete blood counts were analysed using the
automated haematology analyser Sysmex XE 2100 (Sysmex, Kobe, Japan).
Iron status indicators, bilirubin and CRP were analysed using Cobas 6000
(Roche Diagnostics, Basel, Switzerland). Immunoglobulin G was analysed
with the Beckman IMMAGE Immunochemistry System (Beckman Coulter,
Brea, CA, USA).
Definitions and reference range for anaemia and iron status indicators
used for defining iron deficiency are presented in Table 2. Iron deficiency
was defined as present when at least two (out of four) iron status indicators
(MCV, ferritin, TS, TfR) were outside reference ranges.
Table 2. Definitions of anaemia and iron deficiency at different ages, and polycythemia and hyperbilirubinaemia at 2-3 days. Iron deficiency was defined as at
least two (out of four) iron store indicators (MCV, ferritin, TS, TfR) outside reference range33
2-3 days

4 months

12 months

< 14578

< 10579

< 11080

< 7379
< 2079
< 1081
> 779

< 7080
< 1280
< 1080
> 5.9*

Anaemia
Hb (g/l)
Iron deficiency
MCV (fL)
Ferritin (µg/l)
TS (%)
TfR (mg/l)
82

Polycythaemia
Hematocrit (%)
>65
22
Hyperbilirubinaemia
Bilirubin (µmol/l)
>257
.* Reference range for cut off 2 SD above the mean calculated in paper IV.

The TfR cut-off at 4 months of age for the Roche immunoturbidimetric assay was calculated from the established cut-off value of 11 mg/l79 for the
Ramco enzyme-linked immunosorbent assay (ELISA) assay, using the regression equation described by Pfieffer et al.83
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At 4 months, the log ratio of TfR to ferritin (logTfR/Fer-ratio) was calculated.84 TfR was converted to values corresponding to the Ramco ELISA
assay83 then transformed to µg/l. The result was divided with Ferritin and the
logarithm (base 10) of the ratio was used. Total body iron (mg/kg), as presented in paper I, was approximated by the equation:
-(logTfR/Fer-ratio-2.8229)/0.1207.85

Ages and Stages Questionnaire (ASQ)
The ASQ86 is a series of parent-report questionnaires that span the age range
of 4 to 60 months. Each questionnaire is composed of 3 sections: a brief set
of demographic items; 30 questions about the infant's or child's development
spanning 5 different domains (communication, gross motor, fine motor,
problem-solving, and personal/social); and 7 open-ended questions eliciting
parental concerns. The choice of responses for each item is ‘yes’, ‘sometimes’, or ‘not yet’, which are scored as 10, 5, or 0, respectively. The sum of
the scores from the questions in each domain is compared with a cut-off
score. It takes about 10 to 15 min to complete the questionnaire and roughly
5 min to score it.
For the purpose of using ASQ in our studies, permission was obtained
from Paul H Brookes Publishing Co. (PO Box 10624, Baltimore, MD 21285,
USA) to translate and use the ASQ 4 and 12 months questionnaires. The
English original was first translated to Swedish, and then re-translated by an
English-born professional translator: the two English versions were compared and small adjustments were made in the Swedish translation before it
was used.

Sample size
As ferritin is the most sensitive indicator of iron status and has been shown
to be the most efficient indicator of iron supplementation interventions,87 it
was chosen for estimating group size. Beyond the neonatal period, the main
effect observed in studies comparing DCC versus ECC is that DCC leads to
an increase in ferritin at 3-6 months of age, an effect which has been considered of public health significance.14 16 19 We therefore chose iron status at 4
months as our main outcome and powered the study to find a difference in
ferritin. 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 between groups at 4 months of age with a power of 80% and a significance
level of 0.05, assuming a mean serum ferritin of 110 µg/l in the DCC
group.88 The study was thus powered to find a slightly smaller difference in
ferritin than in a previous study in Mexico,19 in which the DCC group had
34% higher serum ferritin at 6 months. Allowing for an attrition of 25%, we
included 200 participants in each randomisation group.
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Statistical analysis
For group comparisons of continuous variables, Student’s t-test was used for
variables with normal distribution. For variables with skewed distribution
Mann-Whitney U test was used for group comparisons and for confidence
interval (CI) across groups Hodges and Lehmann estimator89 was used. Ferritin was log10 transformed for analysis. Categorical variables were compared between groups by using Fisher’s exact test. The Statistical Package
for Social Sciences for Windows, version 18.0, was used (SPSS, Inc., Chicago, IL, USA). Numbers needed to treat, Relative risk reduction and their
CI were calculated by the web-based JavaStat calculator.90 A p-value less
than 0.05 was considered significant.
All analyses were made on an intention to treat basis, after exclusion of
12 cases (DCC; n=4, ECC; n=8) which were erroneously included in the
study in spite of not fulfilling inclusion criteria and 6 cases where parents
chose to stop participating immediately after the delivery. Of the 382 finally
analysed children, 334 received the allocated intervention (DCC; n=168,
ECC; n=166), Figure 5.
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
Calculations of Spearman’s rank correlation coefficient (rs) were used to
determine neonatal and 4-month variables that were associated with outcomes at 12 months (ferritin and ASQ total score). Variables with a correlation significance of <.05 for each outcome were then entered into a linear
regression model and analyzed by stepwise backwards selection, leaving
only variables with a p-value less than 0.05 in the model.

Ethical considerations
All research involving newborn infants and small children need careful ethical considerations, mainly since the subjects themselves can’t agree to
whether they want to participate in the study or not. In particular, research
that is not immediately of benefit for the patients needs ethical consideration.
The included infants were healthy full-term infants undergoing umbilical
cord clamping, which is a standard procedure after birth. Previous data indicate that delayed cord clamping may be beneficial. The infants were randomised to either early or delayed cord clamping in a hospital with the routine of performing early cord clamping. Included infants were either subjected to standard care or an intervention that had been standard care at the
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hospital earlier, and that was standard care in other Swedish hospitals at
commence of the study.
The possible benefit of the intervention (DCC) of increasing iron stores
was estimated to be higher than the risk of probable risks, such as hyperbilirubinaemia.
Blood sampling can be a painful procedure and was performed at 4 times
during the study. At birth, the sampling of the umbilical cord is not considered painful, and was a routine in the hospital. The second blood sample at
2-3 days was chosen to be performed in connection with the metabolic
screening blood sample to minimise pain. The last two blood samples may
have caused pain, but all measures possible were considered to minimise the
infants’ discomfort, including application of a local anaesthetic cream. Although there were only a few cases with IDA, these infants were discovered
and treated and thereby had benefit of participating in the study.
The study was approved by the regional research ethics committee at
Lund University (41/2008). Written informed parental consent was obtained
before the intervention, and parents could withdraw from the study at any
time without any need for explanations.
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Figure 5. Trial profile (after CONSORT flowchart).
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Results

The recruitment period lasted 16 April 2008 to 22 May 2009. In total 2025
deliveries took place at the Hospital of Halland in Halmstad during this time
period. At the time the calculated sample size of 400 had been randomised, a
total of 1063 women were assessed to have been eligible for the study, resulting in 663 not having been randomised for various reasons (declined
participation or had not been approached by the midwives), Figure 5.

Maternal characteristics
There were no significant differences in maternal characteristics between the
DCC and ECC groups. Neither did maternal characteristics differ between
the randomisation groups among those who continued participation in the
study with follow up at 4 and 12 months, respectively.
Not reported elsewhere is maternal dietary preferences and use of iron
supplementation during pregnancy: a total of 19 women stated that they were
vegetarians, 11(6%) in the DCC group and 8 (4%) in the ECC group, p=0.6.
A majority of all women had taken iron supplements during pregnancy, 175
(92%) in the DCC group and 167 (88%) in the ECC group, p=0.24.

Newborn characteristics
Randomisation was successful as groups were comparable in most aspects.
Data on newborn characteristics are presented in Table 3.
Table 3. Newborn infant characteristics a
DCC (n=193)
ECC (n=189)
p
Gestational age, w
40.0 (1.1)
40.1 (1.1)
b
Birth weight, g
3629 (460)
3533 (486)
0.05
Birth length, cm
50.9 (1.9)
50.8 (1.9)
Head circumference, cm
34.9 (1.4)
34.7 (1.4)
1-min Apgar score >6
188 (97%)
181 (96%)
Male gender
86 (45%)
93 (49%)
c
Umbilical cord haemoglobin, g/l
159 (18)
163 (16)
0.01
d
Umbilical cord haematocrit, %
47 (5)
49 (4)
0.01
a
Data are mean (SD), proportions or counts (%). b Mean difference 96g (95% CI 0.3 to
191), c -4.7 g/l (95% CI -8.4 to -1.1), d -1.3% (95% CI -2.4 to -0.3)
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The differences between the two groups in birth weight, Hb and Hct were
not expected, and a probable explanation is offered in the discussion.

Per protocol analysis of background characteristics
When analysing the 334 cases performed per protocol, there were no significant differences in maternal background data, and the differences between
the randomisation groups in birth weight (109 g [7 to 211], p=0.036), umbilical cord Hb (-5.3 g/l [-9.1 to -1.5], p=.006) and Hct (-1.6% [-2.7 to -0.5],
p=.004) were all strengthened.

Main results
Obstetric outcome (paper II)
Post partum haemorrhage
There were no differences between the DCC and ECC groups in median
volumes of PPH, or in the proportion of women with PPH >500 ml, or severe PPH >1000 ml. Per protocol analysis did not change these results, Figure 6.

Figure 6. Proportion of mothers with PPH >500 ml and PPH >1000 ml in relation to
time to umbilical cord clamping. There were no significant differences between the
two randomisation groups (ECC n=189; DCC n=192). Figures in the bars are numbers of cases.

Length of third stage labour
There were no differences between groups in median time of third stage
labour, or in the proportion of cases with third stage labour longer than 30
32

and 60 min, respectively. There were four cases in the ECC group with a
duration of third stage labour of more than 60 min, compared to none in the
DCC group p=0.058, Figure 7. Per protocol analysis did not change results
in any significant way.

Figure 7. Length of third stage labour in the two randomisation groups.

Among the 380 cases with available data on both PPH and length of third
stage labour, there was a strong association between PPH >500 ml and
length of third stage labour > 30 min, relative risk (RR) 4.6 (95% CI 2.5 to
6.6).
Oxytocin use
Oxytocin was administered in comparable ratios to the DCC (73%, n=141)
and ECC (78%, n=148) groups, p=0.24, and did not affect PPH significantly.
The midwives were instructed to administer oxytocin immediately after
clamping, and the time for administration was not recorded. The amount of
PPH did not differ between the 289 women who received oxytocin and the
93 that did not receive oxytocin,: median (range) 350 (100-6500) ml vs. 350
(150-2100) ml, p=0.6.
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Proportion of ‘valid’ blood gases
The process of identifying valid arterial umbilical blood gases is described in
detail in paper II. In brief, a valid umbilical artery sample has a lower pH
(<0.2 units) and higher pCO2 (difference >0.5 kPa according to Westgate et
al58, and >0.7 kPa according to Kro et al61). Significantly fewer blood samples were obtained in the DCC group, but the rate of valid samples did not
differ between the randomisation groups, neither when using the method
proposed by Westgate et al58; difference in proportions -6.2% (95%CI -15.7
to 3.5) nor when using the method by Kro et al61; difference in proportions
-5.1% (-14.8 to 4.8). The results did not change significantly when analysed
per protocol, difference in proportions -4.4% (95% CI -14.5 to 5.8) and 3.2% (95%CI -13.6% to 7.3). Also when compared to earlier studies on validating paired umbilical blood gas analysis, the proportions in this study were
similar, Figure 8.58 61 91

Figure 8. Compilation of data from three studies evaluating proportions of valid
blood gas samples, compared to the ECC and DCC groups in this thesis. Figures
within bars are actual numbers (n). The sum of valid paired blood gas samples is
around 70% in all studies.

Umbilical cord blood gases were similar in the two randomisation groups,
both when compared as means (table 2, paper II) and when categorised as
proportion of samples with pH<7.1: DCC 2.5% versus ECC 3.3%, p=0.8, or
base deficit >12: DCC 4.3% versus ECC 2.8%, p=0.6. These results were
comparable also when analysed per protocol.
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Neonatal outcome (paper I)
Infants in the two randomisation group differed significantly in birth
weights, and infants in the DCC group had a mean birth weight that was 96 g
higher than infants in the ECC group, Table 3.
Apgar scores at 1, 5 and 10 min were similar in the two groups, and in
general high, reflecting the selected low-risk population, Figure 9.

Figure 9. Apgar scores at 1, 5, and 10 min in each randomisation group.

Respiratory symptoms
Respiratory symptoms, observed when infants were 1 and 6 h, respectively,
did not differ between groups, Table 4.
Table 4. Observed early respiratory symptoms in the two randomisation groups.
DCC, n(%)
ECC, n(%)
p
183 (95)
175(93)
Tachypnoea (>60 breaths/min)
12 (6.5)
10 (5.7)
0.8
Grunting
6 (3.2)
4 (2.2)
0.8
Nostril flaring
3 (1.6)
1 (0.6)
0.6
Retractions between or under the ribs
Respiratory symptoms*
17 (9.3)
12 (6.9)
0.4
6h
151 (80)
160 (83)
Tachypnoea (>60 breaths/min)
6 (3.7)
5 (3.3)
1.0
Grunting
2 (1.3)
4 (2.6)
0.4
Nostril flaring
2 (1.3)
1 (0.7)
1.0
Retractions between or under the ribs
1 (0.6)
2 (1.3)
0.6
Respiratory symptoms*
6 (3.8)
8 (5.3)
0.6
*Respiratory symptoms = presence of at least one of the variables tachypnoea, grunting,
nostril flaring or retractions

1h

No differences were found between groups in infant well being at 1 and 6 h,
as prospectively observed by midwives at 1 and 6 h, see as prospectively
observed by midwives at 1 and 6 h, see Table 5.
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Table 5. Newborns status at 1 and 6 h after birth
DCC, n(%)

ECC, n(%)

p

Breastfed
Appearing well

135 (74)
178 (96)

130 (73)
174 (97)

0.9
0.8

Breastfed
Appearing well
Examined by paediatrician
Admitted to NICU

131 (82)
152 (94)
8 (5)
5 (3)

131 (82)
149 (96)
7 (5)
4 (3)

0.5
0.8
1.0
1.0

1h

6h

Bilirubin and jaundice
Bilirubin data, measured at 2-3 days, are reported in paper I. Hyperbilirubinaemia >257 mol/l was present in 4 infants (2.9%) in the DCC group
and in 7 infants (5.4%) in the ECC group, p=0.37. Only 3 infants needed
treatment with phototherapy, 1 in the DCC group and 2 in the ECC group.
Figure 10 presents all bilirubin data, including transcutaneous measurements
that were not reported previously. Addition of these data did not change the
results.

Figure 10. This figure shows results of bilirubin measurements (blood samples and
transcutaneous values) in the two randomisation groups during the first 5 days of
life, excluding measurements after phototherapy.

A total of 20 newborns were admitted to the neonatal ward (NICU), 14
(7.7%) in the DCC group compared to 6 (3.4%) in the ECC group, p=0.11.

36

When analysing per protocol, 11 cases remained, 7 (4.5%) in the DCC
group, and 4 (2.5%) in the ECC group, p=0.4, Table 6
Table 6. Diagnoses from the neonatal ward.
DCC, n=193
Transient tachypnoea
Meconium aspiration
Pneumonia
Jaundice
Hypoglycaemia
Feeding difficulties
Cleft palate
Seizures
Apgar <4 at 1 min

ECC, n=189

Intention to treat
2 (1.0)
2(1.1)
2 (1.0)
1 (0.5)
2 (1.0)
1 (0.5)
1 (0.5)
1 (0.5)
2 (1.0)
1 (0.5)
2 (1.0)
1 (0.5)
1 (0.5)
1 (0.5)

DCC, n=168

ECC, n=166

Per protocol
1 (0.6)
1 (0.6)
1 (0.6)
1 (0.6)
1 (0.6)
1 (0.6)
2 (1.0)
1 (0.6)
1 (0.6)
1 (0.5)

Data are numbers (%)

Haematological status and iron status (papers I and IV)
Neonatal, up 2 to 3 days
Blood sampling at 2 to 3 days was coordinated with the planned blood sampling for metabolic screening, performed at a median (range) postnatal age
of 2.4 (2.0 to 4.9) days in the DCC group and 2.4 (1.9 to 4.2) days in the
ECC group, p=0.9.
As presented in Table 3, umbilical cord Hb and Hct were lower in the
DCC group. However, at 2-3 days, Hb was higher in the DCC group, mean
difference (CI 95%) 13.5 g/l (9.6 to 17.5), p<0.001, as well as Hct; 3.5 %
(2.4 to 4.6) higher, p<0.001. Also MCHC was higher in the DCC group; 2.2
g/l (0.6 to 3.9), while all other values from the complete blood count and
iron status were comparable between groups.
Anaemia (Hb<145 g/l) at 2-3 days was 5 times more common in the ECC
group, relative risk reduction 0.80 (0.22 to 0.95), while no cases of polycythaemia was recorded at this time.
4 months
The primary endpoint of this randomised controlled study was iron status at
4 months, with sample size calculated using ferritin levels. Blood samples
were taken at a median (range) of 121 days (109 to 154) in the DCC group
(n=174), and 121 days (110 to 140) in the ECC group (n=176).
Ferritin was 45% (CI 23% to 71%) higher in the DCC group, 117 μg/l
versus 81 μg/l in the ECC group, p<0.001). All other indicators of iron status
(MCV, TS, TfR) demonstrated significantly higher iron stores in the DCC
group. The results remained statistically significant also when analysing per
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protocol. Hb and Hct did not differ between the groups. Reticulocyte counts
were higher in the DCC group, but the difference did not remain statistically
significant when analysing per protocol.

Figure 11. Proportion of infants with iron deficiency at 4 months of age.

Iron deficiency, predefined as at least two iron status indicators outside reference range, was significantly reduced from 5.7% in the ECC group to
0.6% in the DCC group, resulting in a relative risk reduction (95% CI) of
90% (38 to 98), Figure 11. Number needed to treat were 20 (17 to 67), suggesting that by every 20 births, 1 case of iron deficiency at four months
could be prevented by practising DCC.
12 months
Iron deficiency at 12 months was predefined as at least two out four iron
status indicator out of reference range, (Ferritin < 12 µg/l, MCV<70 fl, TS <
10% and/or TfR>5.9 g/l) and IDA was defined as ID in combination with
Hb<110g/l. Blood samples (n=337) were taken at a median (range) age of
365 days with no difference between the groups. Thirty-three samples were
excluded (infant >13 months, CRP 10 mg/ml or higher), 22 in the DCC
group and 11 in the ECC group, leaving 152 in each group.
No significant differences between DCC and ECC were found in iron
status indicators, Hb or Hct, neither by comparing means or ratios outside
reference ranges, Figure 12
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Figure 12. Proportion of infants with iron deficiency at 12 months of age. No significant differences was found. At 12 months one infant in the ECC group had iron
deficiency anaemia.

Trajectory analysis
The ‘placental transfusion model’ suggests that a higher Hb after birth would
protect against ID at 12 months. To test if the model was consistent with the
findings in the present study, a correlation analysis was performed, including
Hb at 2-3 days, iron status indicators (MCV, Ferritin, RetHE, TS, sTfR) and
Hb at 12 months. No significant correlations were found. Newborns with
neonatal anaemia at 2-3 days did not differ in iron status indicators at 12
months, compared with those having normal Hb. These results might imply
that the placental transfusion model is not applicable when regarding eventual protective effects against ID at 12 months of age.
Iron status at 4 months did affect iron status at 12 months. Ferritin at 12
months was strongly correlated with iron status indicator at 4 months (Table
1, paper IV). Infants with ID at 4 months had significantly lower MCV and
ferritin at 12 months, Table 7. Two of the infants had IDA at four months of
age and were treated with iron supplements.
Table 7. Hemoglobin and iron status indicators at 12 months in relation to presence
or absence of iron deficiency (ID) at 4 months. Values are mean (SD).
ID at 4 months No ID at 4 months
N=11
N=329
117.5 (8.9)
118.9 (8.2)
73.5 (3.1)
76.9 (3.2)
17.1 (0.23)
35.1 (0.23)

MD (95% CI)

p

Hb (g/l)
1.4 (-5.2 to 8.1)
0.7
MCV (fl)
3.4 (0.8 to 6.0)
0.01
Ferritin (µg/l)
31 (14 to 48)†
<0.001
Transferrin satura12.3 (4.7)
15.5 (6.8)
3.2 (-1.9 to 8.3)
0.22
tion (%)
Transferrin receptors
5.24 (1.90)
4.41 (0.88)
-0.83 (-2.59 to 0.92) 0.29
(g/l)
†Geometric mean ratio in percentage. MD= mean difference.
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Neurodevelopment (papers III and IV)
ASQ at 4 months (paper III)
The 4-month ASQ was fully replied by 335 parents, 173 (94%) in the DCC
group and 162 (90%) in the ECC group (p=0.3), and partially replied by
another 30 (12 DCC and 18 ECC). The two groups had comparable total
scores, but DCC had 1.7 (0.1 to 3.3) higher score in the problem solving
domain, while ECC had 2.3 (0.5 to 4.1) higher score in the personal-social
domain, Table 8.
Table 8. Neurodevelopment at 4 months, as assessed by the ASQ
Delayed cord clamping

Early cord clamping

p

Total score
259 (28)
258 (29)
0.6
Communication
51 (8)
50 (8)
0.6
Gross motor
55 (7)
54 (8)
0.4
Fine motor
49 (10)
48 (11)
0.4
Problem solving
55 (7)
54 (8)
0.03
Personal-social
49 (9)
52 (8)
0.01
Total number of returned questionnaires: Delayed cord clamping=185, Early cord clamping=
180. Data are means (SD).

There were no significant differences regarding number of infants scoring
under cut-off score between groups.

Figure 13. Proportion of infants (%) with scores below the cut-off (i.e. lower than
minus 2SD) in ASQ domains at 4 months of age. Numbers in columns are the actual
numbers of infants (n).

ASQ at 12 months (paper IV)
In total 337/382 (88%) questionnaires were answered within one calendar
month of the infant’s first birthday, 170/193 (88%) in the DCC group and
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167/189 (88%) in the ECC group (p=1.0). The mean total score and the
scores of the different domains did not differ between groups, Table 9.
Table 9. Neurodevelopment at 12 months, as assessed by the ASQ.
Delayed Cord Clamping

Early Cord Clamping

p

Total score
230 (41)
233 (38)
.4
Communication
40 (13)
40 (12)
1.0
Gross motor
47 (15)
48 (14)
.4
Fine motor
52 (8)
52 (8)
.8
Problem solving
47 (12)
48 (11)
.4
Personal-social
44 (12)
44 (11)
.6
Total number of returned questionnaires: Delayed cord clamping=170, Early cord clamping=167. Data are means (SD).

The proportion of infants with scores below the cut-off level did not differ
between the groups, Figure 14. In total, 27 (16%) of the children in the DCC
group had results under cut-off in one or more domains, compared to 24
(14%) in the ECC group, p=0.8.

Figure 14. Proportion of infants (%) with scores below the cut-off (i.e. lower than
minus 2SD) in ASQ domains at 12 months of age. Numbers in columns are the actual numbers of infants (n). No significant differences were found.

Morbidity and IgG at 4 months (paper III)
The morbidity questionnaire was returned for 360 infants (94%) at 4 months,
184 (95%) in the DCC group and 176 (93%) in the ECC group. There was
no difference between the groups in the prevalence of symptoms. When
comparing days with symptoms, the two groups only differed in the duration
(days) with excessive crying, the mean (range) for the DCC group was 1.9 (0
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to 71) days and for the ECC group 5.1 (0 to 123) days, p = 0.045. However,
the difference was not significant when analysing per protocol, DCC 1.8 (0
to 71) days versus. ECC 4.3 (0 to 123) days, p=0.13.
Presence of fever, reported in 92 (26%) infants, was in 18 instances reported by parents as occurring in close relation to vaccinations. Excluding
these cases from analysis, or only including reported fever during the first
six weeks to avoid vaccination-related fever, did not change the results.
At 2-3 days, IgG was slightly, but significantly, higher in the DCC group,
11.7 (1.9) vs. 11.0 (1.8) g/l, p=0.004. The two groups did not differ at 4
months, 3.4 (0.9) g/l in the DCC group vs. 3.4 (0.9) g/l in the ECC group,
p=0.7.

Growth and nutrition (papers I, III and IV)
Length and weight
Except for the difference in birth weight, infants’ length and weight were
similar at the next control points. At four months; the infants’ weights mean
(SD) were in the DCC group 6.8 (0.9) kg vs. the ECC group 6.9 (0.8) kg,
p=0.5, and their length were 64 (2) cm vs. 64 (2) cm, p=0.4. Both groups
gained approximately 3.2 kg of weight up to 12 months of age; 10.0 (1.0) kg
vs. 10.1 (1.1) kg, p=0.3 and grew 12 cm in length; 76 (2) cm vs. 76 (2) cm,
p=0.7.
Breastfeeding/ feeding habits at four months
Feeding habits were reported in a 3 day diary before the 4 month visit. Diaries were returned for 357 (93%) of the infants, 183 (95%) from the DCC
and 174 (92%) from the ECC group. No significant differences in feeding
habits were found, whether comparing exclusive breastfeeding (DCC 56%,
ECC 51%, p=0.4), exclusive formula (DCC 20% vs. ECC 13%, p=0.12) or
the specific amount formula and/or solids ingested. Per protocol analysis did
not change these results.
Nutritional intake at 12 months
Feeding habits were reported in a 3 day diary before the 12 month visit. Diaries were returned for 327 (85.6%) of the infants, 169 (87.6%) from the DCC
and 158 (83.6%) from the ECC group. Feeding habits was not significantly
different between the two groups when comparing energy intake, protein,
fat, carbohydrates, minerals or vitamins, including iron.
Gender
Presented in paper IV, infant gender correlated independently with both ferritin and ASQ at 12 months, as girls had higher ferritin and ASQ total score.
Randomisation and gender was entered as fixed factors in an analysis of
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covariance model. No interaction was found in the model concerning 12month ferritin, but in the ASQ model there was a significant interaction, and
randomisation to DCC was associated with 12 points lower ASQ score for
girls, 230 (39) versus 242 (36) and 5 points higher score for boys, 229 (43)
versus 224 (39), p=0.042 for the interaction term, Figure 15. The significance for the interaction was p=0.018, when data were analysed per protocol.

Figure 15. Effect of randomisation group and gender on ASQ total score

In the different domains of the ASQ, the pattern of inverse results between
boys and girls was significant for ‘fine motor’ scores, p=0.010 and ‘problem
solving’, p=0.037.
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Discussion

The time to umbilical cord clamping may have important impact on a population’s health, as shown by the results in this thesis and previous data. Even
small effects on each individual may have great impact when multiplied in a
large population. To demonstrate the size of effects cord clamping might
have, the result showing that iron deficiency was reduced from 5.7 to 0.6 %
at four months of age can be extrapolated. In a country like Sweden, a
change of practice from ECC to DCC would spare approximately 5000 four
month old infants from ID.
This study was set out to make a broad approach to the subject, and tried
to evaluate a wide array of proposed effects of delayed versus early cord
clamping, both those considered beneficial and those considered disadvantageous. Furthermore, we wanted to have longer outcomes than previous studies, and included measures of neurodevelopment.
Several issues regarding effects of DCC as compared to ECC have shown
contradictory results, such as risks for maternal PPH, and infants’ risk for
polycythaemia and jaundice. Possible benefits of improved iron status in a
high income country are not known. As our main outcome for the study, and
also the base for the sample size estimation, ferritin level at 4 months was
chosen. The reasons for this choice were mainly two: data on ferritin in this
age group were previously published in Swedish infants,88 but ferritin levels
as a result of DCC compared to ECC were also published in a large Mexican
study.19 We also chose the suggested outcome since we considered the difference in ferritin levels of 29% as clinically relevant.
As a theoretical framework we chose the ‘placental transfusion model’
(see Introduction, Figure 2) for the possible advantages of DCC. The increased placental transfusion associated with DCC will result in elevated
neonatal haemoglobin, and probably persisting higher haemoglobin during
the first two months of age. Through the normal turnover of red blood cells,
haemoglobin is metabolised and transferred to iron stores. Increased haemoglobin would then result in increased iron stores, and could thus prevent iron
deficiency, and as a consequence also protect infants from iron deficiency
anaemia and iron deficiency-associated neurodevelopmental and behavioural
deficits.
The main proposed disadvantages of DCC in newborn infants are associated with events occurring close to birth, such as polycythaemia, respiratory
distress and hyperbilirubinaemia and need for phototherapy. Reasons for
44

ECC in obstetric practice are decreased maternal post partum haemorrhage
and to facilitate umbilical artery blood gas sampling.12 13
As for polycythaemia, usually defined as venous haematocrit above 65%,
and increased blood viscosity, Hutton and Hassan16 did find significantly
higher rates of polycythaemia associated with DCC, although they commented that no infant in any of the included studies in their review had been
symptomatic. In the Cochrane report, the risk ratio of polycythemia by ECC
compared to DCC was estimated to 0.39 (95%CI 0.12 to 1.27).14 In our
study, no case of polycythemia was noted in either group, suggesting that
neonatal polycythemia may be more of a problem in risk groups associated
with high intrauterine haematocrit such as maternal diabetes and intrauterine
growth restriction.92 93
There are conflicting results, also in meta-analyses, regarding the risks for
hyperbilirubinaemia after DCC. In a meta-analysis from 2007, Hutton and
Hassan16 concluded that DCC was not associated with a higher mean of
bilirubin, or a higher risk for, clinical jaundice (8 studies) or use of phototherapy (3 studies), in contrast to results published in another meta-analysis,
by van Rheenen et al three years earlier,22 demonstrating a higher risk of
hyperbilirubinaemia after DCC (4 studies). Also the Cochrane analysis14
from 2008 suggested that DCC was associated with increased risk for jaundice requiring phototherapy (5 studies) but not for clinical jaundice (5 studies). In this Cochrane analysis also unpublished data were included, contributing with over 50% of the data forming the basis for the conclusions. In the
present study, we did not find any indications of neither higher bilirubin, nor
of proportion of infants having hyperbilirubinaemia or use of phototherapy
in the DCC group. However, our population is a selected healthy population
of term infants, and very few infants (<1%) actually needed phototherapy.
A transiently higher respiratory rate after DCC was shown by Yao & al20
in 1971, but neither Hutton & Hassan or the Cochrane report did find any
significantly higher risks of respiratory symptoms associated with DCC.14 16
In our study, we observed infants for signs of respiratory distress at 1 and 6
hours, and did not find any differences between the two groups.
In her extensive literature review on cord clamping effects, published in
2001, Mercer mentioned the possibility that the higher neonatal haemoglobin
after DCC could be associated with improved breastfeeding and digestion.94
In our cohort of infants, we could not demonstrate find any positive effects
of DCC on breastfeeding or bowel symptoms up to four months of age.
Data on obstetric complications, such as PPH, were not consistently reported in earlier cord clamping trials. Early cord clamping was previously a
part of AMTSL, but has been abandoned in recommendations by the International Confederation of Midwives and the International Federation of Gynaecology and Obstetrics since 2006.40 Still, effects on PPH from time to
cord clamping have not been extensively evaluated. In our study we could
not demonstrate any effects on PPH in relation to early or delayed cord
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clamping, which is in concordance to the 2008 Cochrane report.14 The time
of third stage labour was comparable between the two groups in our study,
although it must be noted that all four cases with a retained placenta after 60
minutes were in the ECC group. In the Cochrane report from 2008, McDonald reported an even distribution of retained placenta >60 minutes, (10/483
in the DCC group versus 8/480 in the ECC group).14
Securing a blood gas sample from one of the umbilical arteries has been
suggested to be an important part of obstetrical quality management and may
also have medicolegal implications.13 57 In the current project we compared
the established method of umbilical artery blood gas sampling with an alternative method that has been described previously59-61. To our knowledge
there are no previously published data from a randomised trial evaluating
this method for obtaining umbilical cord blood gas samples from an unclamped cord in relation to samples taken from the immediately clamped
cord.
Our results suggest that it is possible to collect umbilical cord blood gas
samples in a comparable ratio as for the established method, compensating a
somewhat lower ratio of blood samples with a higher accuracy in sampling,
i.e. blood samples obtained from an artery.
Iron status
In paper I, the first steps of the ’placental transfusion model’ were explored
and confirmed, and Hb was significantly higher at 2-3 days in the DCC
group. The mean Hb difference between the DCC group and the ECC group
was 14 g/L. In agreement to this result, a weighted mean difference of 13.4
g/L was calculated from data from Emhamed and Cernadas in the Cochrane
review from 2008.14 18 95 These results support older findings, and already in
a review from 1967,25 Moss and Monset-Couchard observed an almost uniform rise in Hb after DCC compared to ECC.
As to the study’s main finding, ferritin level at four months, a 45% higher
ferritin in the DCC infants was shown. Similar results were earlier shown in
Mexico (2006), where Chaparro et al demonstrated a 47% higher ferritin
level among 6 month old infants who were clamped 2 minutes after birth as
compared to infants subjected to ECC. Also in Argentina (2010), Ceriani
Cernadas could show a significantly higher ferritin (59%) at 6 months after 3
minutes of DCC as compared to ECC. However, when cord clamping was
delayed for only 1 minute, the 22% higher ferritin, compared to the ECC
group, was not significant. In summary, the finding in this thesis strengthens
the theory of DCC improving iron stores at 4-6 months of age.
Ferritin has been challenged as the most appropriate indicator of iron
stores, mainly due to its sensitivity to inflammation. In addition to the ‘traditional’ other iron store indicators MCV and TS, also TfR and RetHE have
been suggested to be valuable tools when assessing iron status.96 97 As all
indicators were available for analysis in the current study, we did perform
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this additional evaluation on iron status. We showed that all iron status indicators differed significantly between the two groups, in the direction of less
iron stores in the ECC group at four months. When defining iron deficiency
as two out of four iron status indicators (ferritin, MCV, TS, TfR) outside of
reference range, as earlier performed also by Male et al and Berglund et al,33
77
DCC reduced the prevalence of iron deficiency with 90%, avoiding one
case of ID by every 20 births with DCC.
Eight months later, when infants were 12 months old, differences in iron
status were no longer present and we could not show any remaining effects
of delayed cord clamping on blood parameters or iron status (paper IV).
Interestingly, iron status seemed to have improved greatly in 12 month infants in Sweden, in a cohort examined 1991-1992, 26% of the infants had a
ferritin level < 12 µg/l, in comparison with 1.7% in our study, probably reflecting adherence to a national recommendation issued in 1999 emphasising
avoidance of cow’s milk as a beverage and promoting iron-fortified cereals
during the second half of the first year.98 We could demonstrate significant
correlations between iron status indicators at 4 and 12 months, but other
factors, such as the infants’ diet, seem to be more important for iron stores at
12 months.
Neurodevelopment
As part of the final step of the ’placental transfusion model’, iron deficiency
is hypothesised to affect brain structure and neurodevelopment and by protecting infants against ID, DCC may help to optimise neurodevelopment. To
our knowledge, only one study evaluating effects on time to cord clamping
has explored the possible association between DCC and neurodevelopment.
In 2010, Mercer et al demonstrated a protective effect of DCC on motor
disability at 7 months in very low birth weight males.99
We chose to evaluate infants’ neurodevelopment by using the ASQ as a
tool, being widely used as a screening instrument for developmental abnormality. When comparing total ASQ score, DCC and ECC groups did not
differ significantly at either 4 or 12 months of age. However, as for the ASQ
subdomains, there were significant differences in the personal-social and
problem solving scores at 4 months, although there was no difference in
number of infants below cut-off score. ASQ is a screening tool, validated
when used for finding children with results under cut off score within the
subdomains. ASQ mean scores are based on ordinal data, not continuous,
why there is not a clear relationship between higher mean score and better
neurodevelopment. However, results from mean total score and mean subdomain scores have been used in evaluations of development. 100 101
In summary, the results from paper III and IV suggests that neurodevelopment during the first year of life is not affected in any major way by delaying cord clamping in a selected population of healthy infants born at term
after an uncomplicated pregnancy. The study does not give answers on if
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DCC could affect populations with higher risk of ID, such as children born
in areas of the world where ID endemic, or in children born prematurely or
with intrauterine growth restriction.
Benefits and limitations
This study’s major benefit; a long term approach trying to cover both iron
status and neurodevelopment while also extensively analysing other outcomes, is also the study’s major limitation as it raises questions on sample
size and choosing outcomes to report. Except for the effect on the primary
outcome ferritin, this randomised controlled trial could rather be regarded as
an exploratory pilot study when it concerns results from the 12 month follow-up. Using several different measurements on iron stores could cause
contradictory results, but when all indicators point in the same direction, we
see this rather as strengthening the conclusion that DCC enhances iron stores
at 4 months but has no lasting effect on 12 month iron stores.
Except for the blood samples analysing iron stores, the study rests heavily
on parents’ reports by different questionnaires, including the morbidity protocol at 4 months, the food diaries at 4 and 12 month, and most importantly;
the ASQ at 4 and 12 months of age. The ASQ has been evaluated for interreporter validity, and also reliability in concordance to other tests and has
proven qualities within these areas enough to defend it’s place in the study,
while such evaluations have not been made on the food diary or morbidity
protocols, leaving a higher methodological uncertainty to the results from
these questionnaires.
Data concerning maternal outcomes and the newborn postnatal morbidity
were observed and reported by midwives on the obstetric and postnatal
ward. Although we don’t find it likely, it cannot be ruled out with certainty
that the midwifes, even if not being present at the birth of the baby and witnessing the intervention, still had knowledge of what intervention the specific newborn had undergone, and by that might have been biased in their
assessments.
Gender
Perhaps the most uncertain question concerns the possible association between gender and the results of ASQ at 12 months. Boys in general have a
higher risk for ID in infancy102 and also had lower mean levels of ferritin in
this study. Randomisation to DCC seemed to have positive effects on boy’s
ASQ score, while girls, having higher iron stores also in the ECC group,
seemed to have no benefits of DCC on ASQ, rather the opposite. Future
research in cord clamping and iron deficiency may benefit in taking into
account the aspect of gender.
In this study, the main perspective has been on long term (up to 12
months) effects of DCC versus ECC on term healthy infants, with focus on
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iron stores and neurodevelopment. Two other suggested major benefits of
DCC have not been explored: effect on preterms and providing a high concentration of stem cells in the extra blood transferred. Delayed cord clamping has a fairly established positive effect on preterms hemodynamics during
the first days of life, and the following reduction in blood transfusion rates
and intraventricular haemorrhage,103 but also possible protective effects on
late-onset sepsis, and in male very low birth weight infants against motor
disability. 99 104
In the vulnerable group of preterm infants cord milking has also been
studied as an alternative to DCC with positive results105-107. In healthy term
infants, the need to rush the placental transfusion with cord milking does not
seem to be important, but it may be for the second suggested benefit not
explored in this thesis; the high content of haematopoietic stem cell in cord
blood, and the possible advantage for the asphyxiated newborn to have access to these cells.108 109
This thesis has shown that DCC improves iron stores at 4 months of age,
thereby lending partly support for the ‘placental transfusion model’, while
none of the suggested disadvantages of DCC has been demonstrated to have
occurred in the study. As for the proposed long term positive effect on iron
status and neurodevelopment, no such evidence was discovered up to 12
months of age, but the implied gender difference in neurodevelopmental
response raises future questions.
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Conclusions

In the population studied in this thesis, term infants born after an uncomplicated pregnancy by healthy mothers, delayed cord clamping improved iron
stores and prevented iron deficiency at 4 months of age. This effect was not
sustained at 12 months. Neurodevelopment up to 12 months after birth was
not affected in any major way by DCC versus ECC, but the study might have
been underpowered for this outcome. A question of gender specific outcome
after DCC compared to ECC on neurodevelopment at 12 months was discovered, implying positive effects on boys and negative on girls after DCC.
DCC could not be found to be associated with any higher risks for maternal post partum haemorrhage and did not exclude the possibility to achieve a
reliable umbilical artery blood gas sample.
Infant morbidity was not affected of delayed as compared to early cord
clamping, neither when regarding the neonatal period (hyperbilirubinaemia/jaundice, respiratory symtoms, polycythemia), nor the first 4 months of
life (infection symptoms, gastro intestinal problems, contact with doctors).
We conclude that delaying umbilical cord clamping for 180 sec is a safe
and feasible alternative when handling childbirth. Iron deficiency is significantly reduced at 4 months of age, and the effects on neurodevelopment may
not yet be seen at 12 months, why it cannot be excluded that effects on neurodevelopment may be discovered at an older age.
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Future perspectives

As delayed cord clamping seems to be a safe alternative for childbirth, it
might be considered also when handling asphyxiated newborns after i.e.
nuchal cord and shoulder dystocia,110 as the placenta in theory could supply
the newborn with fresh, oxygenated blood with new available glucose content, as well as a high concentration of stem cells. Recently synergistic neuroprotective effects when combining hypothermia and mesenchymal stem
cells was demonstrated in vitro on neurons from rat.109 Designing a randomised controlled trial to study suggested benefits of delayed cord clamping on
asphyxiated infants would be difficult but might be very important.
Umbilical haematopoietic stem cells are an important source for stem cell
transplantations, and a obvious ethical question has arisen as DCC has
started to be recommended in several guidelines.111
The thesis has studied healthy, term infants, excluding infants known to
have high haemoglobin at birth, for example intra uterine growth restricted
newborns, and newborns to mothers with diabetes. Research on effects and
safety of DCC compared to ECC in these groups would be very valuable.
Considering the results in this thesis, two questions clearly stand out: long
term neurodevelopment and possible contrary gender effects. By the time
this thesis is presented, in May 2013, we end a follow up study on the infants
at 4 years of age. This follow up study has evaluated neurodevelopment and
behaviour by a psychologist performing WPPSI-3 and the fine motor part of
Movement ABC, while also asking parents to answer two questionnaires,
ASQ 48 months, and the Strengths & Difficulties Questionnaire. Results
from this follow up will be analysed and might elucidate the question of long
term neurodevelopment further.
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Swedish summary

Denna avhandling undersöker om tidpunkten för klampning (avklämning) av
navelsträngen efter barns födelse påverkar deras hälsa under det första levnadsåret. Om man klämmer av navelsträngen direkt efter barnets födelse går
barnet miste om att få ett tillskott av blod från moderkakan, jämfört med om
man väntar ett par minuter. Det extra blod som barnet får kan uppgå till 30%
av barnets blodvolym, eller ca 100 ml för ett barn som väger 3,5 kg.
Med sen klampning menas att barnmorskan väntar minst 2-3 minuter med
att sätta en klämma på navelsträngen och tidig klampning sker när barnmorskan klämmer av inom 10-30 sekunder efter barnets födelse.
När denna studie startade praktiserades tidig klampning av navelsträngen
på cirka 2/3 av Sveriges förlossningsavdelningar. De två främsta skälen för
tidig klampning var dels att tidig klampning ansetts kunna minska moderns
blödning efter förlossningen, dels skulle det vara enklare att ta ett blodgasprov från navelsträngen, en rutin som görs på de flesta sjukhus som del i
bedömningen av det nyfödda barnet och för kvalitetssäkring av förlossningen.
Studien som avhandlingen handlar om har följt 400 barn som lottades till
att få sin navelsträng antingen sent eller tidigt klampad efter en okomplicerad graviditet av friska mödrar,. Data kring barnen samlades in under nyföddhetsperioden, och vid 4 respektive 12 månaders ålder.
Resultaten från studien har presenterats i fyra artiklar. I artikel 1 visas att
järnförråden vid fyra månaders ålder var bättre bland de sent klampade barnen. Ferritin, som är ett mått på järnförråd, var 45% högre och det var bara
ett barn som hade järnbrist jämfört med 10 barn i den tidigt klampade gruppen. Sent klampade barns Hb var högre vid 2-3 dagars ålder utan att några
påvisbara negativa konsekvenser i form av ökad andel barn med gulsot, andningspåverkan eller blodstockning.
I artikel 2 undersöktes mödrarnas blödningsmängd efter förlossningen
och den skilde sig inte mellan grupperna, varken vad gäller den totala blödningsmängden, eller andelen kvinnor med större blödning än 500 respektive
1000 ml. Andelen blodgasprover som verkligen säkert var tagna från en navelartär skilde sig inte åt mellan grupperna, 69% i den sent klampade gruppen och 73% i den tidigt klampade gruppen.
Artikel 3 handlar om barnet utveckling och hälsa upp till fyra månaders
ålder. Föräldrarna fick besvara ett formulär, Ages & Stages Questionnaire
(ASQ) om deras barns utveckling. Frågorna i ASQ är fördelade med 6 frågor
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i 5 domäner: kommunikation, grovmotorik, finmotorik, problemlösning och
personligt-socialt. Totalpoängen skilde sig inte åt mellan barnen, men de
sent klampade barnen hade något högre poäng i problemlösningsdomänen
och de tidigt klampade i personligt-socialt.
De sent klampade barnen hade lite högre mängd immunoglobulin G i blodet vid 2-3 dagars ålder, men vid 4 månaders ålder var det inte någon skillnad. Föräldrarna ombads att under barnets första fyra månader dagligen
markera på ett blad om deras barn haft olika typer av kroppsliga besvär. Förutom en tendens till att de tidigt klampade barnen hade fler dagar då de var
skrikiga, hittades ingen skillnad i besvär mellan de olika grupperna, det vill
säga sen klampning verkade inte göra barnen varken friskare, men inte heller
sjukare.
Den sista artikeln, artikel 4, handlar om uppföljningen av barnen vid 12
månaders ålder. I den analyseras blod- och järnstatus samt resultatet av ASQ.
Det fanns inte några skillnader mellan grupperna i sin helhet. Hypotesen som
studien byggde på, att ett högre Hb (efter sen klampning) skulle förhindra
järnbrist och förbättra utvecklingen vid 12 månaders ålder gick inte att visa.
Däremot fanns tecken på att sen klampning skulle påverka pojkar utvecklingsmässigt positivt, medan flickor hade bättre utveckling i den tidigt klampade gruppen. De lägre järnförråd som den tidigt klampade gruppen hade vid
fyra månaders ålder hade barnen på egen hand korrigerat fram till 12 månaders ålder, troligen via ett högre upptag av järn via kosten.
Sammanfattningsvis har denna studie tydligt visat att barn som är sent
klampade får bättre järnförråd och mindre järnbrist vid fyra månaders ålder,
utan att detta har varit kopplat till några negativa följder. Sen klampning
verkar var en säker metod att använda vid normala förlossningar. Studien har
tillfört kunskapen att även barn födda i ett land med högt inkomstläge har
fördel av sen klampning när det gäller deras järnförråd vid 4 månaders ålder.
Vid 12 månaders ålder kan man inte se någon kvarstående effekt av sen
klampning vad det gäller järnförråd eller utveckling, men en möjlig skillnad
mellan hur pojkar och flickor utvecklas beroende på hur deras navelsträngar
har klampats.
Ett flertal frågor gällande sen och tidig klampning återstår. Även om ett
flertal studier visat att för tidigt födda barn har stor nytta av sen klampning,
så råder det osäkerhet om hur länge man kan vänta med att klampa, och om
det eventuellt är bättre att mjölka fram blodet från navelsträngen till barnet.
Sen klampning skulle kunna innebära fördelar för barn som föds med syrebrist, dels innehåller navelsträngsblodet syre och socker som barn med
syrebrist behöver, dels är koncentrationen av stamceller mycket hög.
För barn som föds tillväxthämmade eller har mödrar med diabetes skulle
sen klampning snarare kunna vara till nackdel, dessa barn föds med ett högt
blodvärde och det extra tillskottet av blod kanske kan inverka negativt på
deras välbefinnande, varför forskning kring detta vore viktigt.
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Som resultat av denna avhandling återstår det att undersöka om de lägre
järnförråd, och högre andel järnbrist, som de tidigt klampade barnen hade
vid fyra månaders ålder kan ha påverkan på deras utveckling högre upp i
åldrarna. Flera viktiga delar av hjärnans mognad pågår under det första halvåret av barnets liv, och de funktioner som grundläggs då går inte att undersöka på ett bra sätt förrän barnet kommer upp i uppskattningsvis 3 till 5 års
ålder. Den möjliga skillnaden mellan pojkar och flickors utveckling och
klampning behöver också undersökas vidare. Den underliggande förklaringen till detta fynd skulle delvis kunna vara att pojkar allmän har lägre järnförråd tidigt i livet, och skulle därför ha större nytta av sen klampning och den
extra tillförsel av järn som sen klampning visat sig kunna ge.
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