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Abstract
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The aims of this thesis were to investigate effects of timing of umbilical cord clamping on
newborn health, and on infant outcomes up to 12 months of age in a high-risk population and
to explore the context of implementing changed umbilical cord clamping practices in Nepal.

A randomised controlled trial with 540 late preterm and term infants born by normal vaginal
delivery was set up at a maternity hospital in Kathmandu, Nepal. Infants were enrolled in two
parallel groups (1:1 ratio), randomised to early (ECC) (≤60 seconds) or delayed cord clamping
(DCC) (≥180 seconds).

To get a deeper understanding of barriers and enablers for change in clinical practise in
relation to cord clamping, a qualitative study with delivery staff was set up. Focus group
discussions and key informant interviews were conducted at two major delivery hospitals in
Kathmandu.

Paper I showed that DCC was an effective intervention to reduces anaemia at 8 and 12 months
of age in a high-risk population, which may have major positive effects on infants’ health and
development.

Paper II utilised the Ages and Stages Questionnaire (ASQ) to assess neurodevelopment in
infants at 12 months of age. The result showed DCC was associated with an improvement of
the overall neurodevelopment at 12 months of age as compared to infants in the ECC group.

Paper III showed that DCC was not associated with an increased risk of hyperbilirubinemia
during the first day of life or risk of jaundice within 4 weeks compared with the ECC group.

Paper IV demonstrated how a positive attitude towards DCC and a will to rely on research
evidence when striving to do good are facilitators of change in clinical practice. However, the
participants in the study were hesitant to apply DCC due to lack of national or institutional
protocols and formal training. Consequently, they were forced to take informal decisions and
rely on alternate sources of information.

In conclusion, delaying umbilical cord clamping for 180 seconds is safe and associated with a
significantly reduced risk of anaemia at 8 and 12 months which may have neurodevelopmental
effects at a later age and is not associated with an increased risk of hyperbilirubinemia during
the first days of life or risk of jaundice within 4 weeks of age. In order to change cord clamping
practices to comply with evidence and policies health-care staff needs to be better supported
by the governance structures of the health system, with clear and approved guidelines made
available and coherent training and support.
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Glossary and definitions 

Ages and Stages Questionnaires: A screening tool that helps parents pro-
vide information about the development milestones of their children. It in-
cludes series of parent-report questionnaires that span the age range of 2 to 
60 months. 
 
Anaemia: A condition that develops when blood lacks enough healthy 
red blood cells or haemoglobin level less than 11.0 g/dL (altitude corrected).  
 
Bilirubin: A substance that is made each day as red blood cells break down. 
 
Delayed cord clamping: Umbilical cord clamping after 180 seconds. 
 
Early cord clamping: Umbilical cord clamping within 60 seconds. 
 
Ferritin: A universal intracellular protein that stores iron and releases it in a 
controlled fashion. 
 
Gestational age: Number of intrauterine weeks of a foetus calculated from 
the mother’s last menstrual period. 
 
Haemoglobin: Is the iron-containing oxygen-transport metalloprotein in 
the red blood cells (erythrocytes). 
 
Hyperbilirubinemia: An elevated level of the pigment bilirubin in the 
blood. 
 
Iron deficiency: Ferritin level in blood less than 12 μg/L. 
 
Jaundice: A yellowish pigmentation of the skin and whites of the eyes due 
to high bilirubin levels. 
 
Iron deficiency anaemia: Ferritin and haemoglobin levels below the respec-
tive cut-offs i.e. ferritin level of less than 12 μg/L and haemoglobin level of 
less than 11.0 g/dL. 
 



 

Late-preterm: Infants born between 34 completed weeks to 36+6 weeks of 
gestation. 
 
Neonatal period: First 28 days after birth. 
 
Neurodevelopment: Neurodevelopment is a term referring to the brain's de-
velopment of neurological pathways that influence performance or function-
ing. 
 
Skilled birth attendant: An accredited nurse midwife who has been edu-
cated and trained to proficiency in the skills needed to manage normal (un-
complicated) pregnancies and childbirth. 
 
Term birth: Infants born at or after 37 completed weeks to 41+6 weeks of 
gestation. 
 
Transcutaneous bilirubin measurement: A measurement to find out how 
much bilirubin is in in your child’s blood without using a needle. 
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Introduction 

The aim of this thesis is to compare the effects of timing of umbilical cord 
clamping on risk of hyperbilirubinemia, anaemia at 8 and 12 months and sub-
sequent neurodevelopment in late pre-term and term infants, and to explore 
the barriers and enablers when implementing strategies for delayed umbilical 
cord clamping. 

Anaemia is one of the most common and widespread public health prob-
lems affecting human health as well as social and economic development in 
both developed and developing countries (1,2). It is characterised by a de-
crease in the concentration of circulating haemoglobin (1) and is a major 
health problem in Nepal, especially among young children and pregnant 
women (3). More than half (53%) of the children aged 6-59 months are anae-
mic, with 26% mildly anaemic, 26% moderately anaemic, and 1% severely 
anaemic (4). For the age group up to 12 months of age, a cross-sectional sur-
vey with 500 mother-infant pairs from Bhaktapur, Nepal, showed prevalence 
of anaemia in 49% of infants at the age of 2- 6 months and 72% of infants at 
the age of 7-12 months, with 9% and 26% of infants in respective age groups 
suffering from iron deficiency anaemia (IDA) (5). 

Iron is a key component of haemoglobin that carries oxygen to all part of 
body and thus iron deficiency (ID) affects all body functions (6). Young chil-
dren are at particular risk of IDA since their rapid growth leads to high iron 
requirements in combination with low iron intake (7). Globally, 43% of chil-
dren below 5 years of age (approximately 273 million persons) have anaemia, 
where approximately 42% is attributable to ID (8). Children with anaemia and 
ID have associated impaired neurodevelopment, affecting their cognitive, mo-
tor, and behavioural abilities (9,10). Food fortification and iron supplementa-
tion is used in treatment (11) but delayed cord clamping (DCC) has been pro-
posed as a safe intervention and is also associated with higher haemoglobin 
concentration and reduces the risk of IDA (12) .  

The foetal-placental circulation  
During pregnancy, blood circulates continuously through the umbilical cord 
to and from the foetus and the placenta which brings oxygen and nutrition to 
the foetus from the mother’s blood (13). At the time of birth, the infant is still 
attached to the mother through the umbilical cord and is separated from the 
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placenta by clamping the cord (14). Umbilical cord circulation continues for 
several minutes after birth and if the cord is clamped early, it may interfere 
with the completion of a normal physiologic neonatal transition (15,16). Tim-
ing of cord clamping is considered to have a positive effect on placental trans-
fusion rate and therefore neonatal and infant circulation (17).  

Placental transfusion usually occurs within 2 minutes, but sometimes con-
tinues up to 5 minutes after birth and if early cord clamping (ECC) is avoided 
after delivery, around 30% to 40% (roughly 25-30 ml/kg) of blood volume is 
transfused to the baby (18). The rate of the transfusion is largely influenced 
by uterine contractions, gravity, lung aeration, spontaneous inspiration and 
crying in the newborn (19,20). Neonatal benefits associated with the increased 
placental transfusion include better cardiopulmonary adaptation and higher 
haemoglobin concentrations, additional iron stores and prevention of ID in 
early infancy, up to 6 months of life (14,21–24). Distribution of the blood 
volume in the placenta and the foetus before and after birth in the placenta and 
infant after early and delayed cord clamping is presented in Figure 1. 

                                                
    Before birth 

70 ml/kg
45 ml/kg

Placenta
Child

100 ml/kg

15 ml/kg
After birth

Difference in transfusion:Diff i :
3.5 kg = 100 ml blood

70 kg = 2 L blood

70 ml/kg
45 ml/kg Placenta

Fetus

Delayed clamping
> 180 sec

Early clamping
< 10 sec

 
Figure 1. Distribution of the blood volume in the placenta and in the foetus before 
birth, and after birth in the placenta and infant after early cord clamping (left) and 
delayed cord clamping (right) (25). 
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Early and delayed cord clamping-definitions  
Debate about the appropriate time to clamp and cut the umbilical cord has 
been ongoing for many decades (26). Different definitions of ECC have been 
used, with the time varying from immediately to within one min after delivery 
of the baby. ECC, which is generally carried out in the first 60 seconds after 
birth (most commonly in the first 15-30 seconds) has been common practice 
in delivery care around the world (27). However, evidence of multiple benefits 
of waiting for more than one minute to cut the cord has been increasing 
(14,18,28–30) and recent World Health Organization guidelines for active 
management of the third stage of labour no longer recommend immediate cord 
clamping. The current recommendation is to practice DCC, i.e. to wait for at 
least 60 seconds after birth before clamping the cord (27). 

Effect of early versus delayed cord clamping 
The methods of ECC and DCC have different advantages, which can oppose 
each other. Two main proposed advantages of ECC are: a reduction of mater-
nal postpartum haemorrhage as part of the active management of third stage 
labour (31), and facilitation of blood gas sampling from the umbilical cord 
(32). On the other hand, ECC has been suggested to result in an artificial loss 
of stem cells at birth and could increase the possibility of both neonatal and 
age-related diseases, whereas DCC is perhaps the most effective and non-in-
vasive way of transplanting stem cells in order to treat those diseases (33). 

As an advantage, DCC in term infants increases the early haemoglobin con-
centration and iron storage in newborn infants reducing the rate of neonatal 
anaemia (34,35) and preventing the development of ID before 6 months of age 
(23). The improved iron stores at four to six months after DCC suggest that 
IDA could be reduced at eight to twelve months of age but this possibility did 
not occur among infants aged 12 months in a Swedish study, possibly due to 
small sample size and low frequency of IDA (37). An observational study 
found a 22% reduction in anaemia among infants aged 8 months after a change 
in hospital policy (28).  

In conflict with these benefits, DCC has increased the risk of polycythae-
mia, hyper-viscosity, hyperbilirubinemia, and transient tachypnoea of the 
newborn or maternal haemorrhage (14,22). Therefore, comparative risks and 
benefits of timing of cord clamping are still a subject of debate and unclear 
(14). The effects of placental transfusion are presented in Figure 2. 
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Figure 2. The effects of placental transfusion (25). 

Iron deficiency and iron deficiency anaemia  
Infancy and early childhood are at high risk of ID due to high iron require-
ments for rapid physical growth, early period of brain development and low 
iron intakes (38). Two meta-analyses conclude that iron supplementation 
helps to improve psychomotor and mental development in infants and children 
(39,40). A Swedish trial showed that early iron supplementation to marginally 
low birth weight infants significantly reduced the prevalence of behavioural 
problems at 3.5 years of age (41) and therefore suggests iron supplementation 
in all low birth weight children for long-term effects on behavioural functions 
(42).  

Iron plays a critical role in rapid growth and development of the central 
nervous system in the first year of life (43). ID is highly prevalent and wide-
spread micronutrient deficiency especially among infants and young children 
in low-income countries and they have adverse effects on cognitive and motor 
development (44,45). 

A large number of studies have investigated the consequences of ID on 
neurocognitive development in infants and children. IDA in early infancy and 
young children is associated with adverse effects on neurocognitive, motor, 
socio-emotional and neurophysiologic development, impairments in learning, 
memory, myelination and long-lasting cognitive and behavioural deficits 
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Birth 

12 months 

Extra Placental Transfusion: 25-35 ml/kg 
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 Avoidance of iron deficiency 
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(7,9,46,47). The possible seriousness of ID is often ignored, but it can lead to 
a poor neurodevelopmental outcome, poor physical growth and recurrent in-
fections (48). In addition, it is also associated with psychosocial, economic 
and biomedical disadvantages (49). A cohort study among Icelandic children 
of 1 and 6 years of age evaluated the possible association between iron status 
and development at 6 years. They concluded that ID at 1 year may be associ-
ated with lower fine motor development scores and haemoglobin levels might 
affect expression and gross motor score at 6 years of age (50).  

There are limited interventions available for the prevention of ID and anae-
mia in early infancy, and DCC can contribute by increasing the iron endow-
ment at birth (51). A previous Swedish study on DCC ≥3 minutes after deliv-
ery showed higher scores for prosocial behaviour as well as fine-motor func-
tion and personal social development among 4-year-old children compared to 
ECC within 10 seconds after delivery (30). Therefore, reducing the prevalence 
of anaemia, especially among infants, is an urgent global need. 

Relationship between cord clamping time and 
hyperbilirubinemia 
Hyperbilirubinemia is one of the most common problems requiring evaluation 
and treatment in newborn infants (52), particularly in East Asian populations 
compared to white populations (53). Most jaundice in newborns is benign, but 
there is the possibility of developing toxicity of bilirubin and in rare cases, 
acute bilirubin encephalopathy or kernicterus (54). The bilirubin level can be 
measured either by blood sample or by bilirubinometer. Transcutaneous bili-
rubin (TcB) measuring devices are considered to be a sufficiently accurate and 
non-invasive method to estimate bilirubin concentrations in neonates, do not 
inflict pain to the neonate and are cost-effective and fast (55,56)

A Cochrane meta-analysis in 2013 discovered that jaundice requiring pho-
totherapy is less likely in the ECC group than those in the DCC group (14). 
Whereas in 2012, a review of all published randomised controlled trials (n=15) 
since 1980 could not find any association between DCC and hyperbiliru-
binemia (15).  

Recommendations from professional organisations  
How to practice umbilical cord clamping is also discussed in many high-in-
come countries. In Europe, as well as in other parts of the world, ECC is per-
haps the dominant practice but it varies substantially both between and within 
countries (57,58). In order to reduce postpartum haemorrhage, the Interna-
tional Federation of Gynaecology and Obstetrics (FIGO) and the International 
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Confederation of Midwives (ICM), as well as a Cochrane report, have previ-
ously recommended immediate cord clamping together with controlled cord 
traction and administration of an oxytocic drug (59). 

In recent years support for DCC has been increasing (22,34) the FIGO/ICM 
as well as a Cochrane report revised their statement and omitted ECC as a part 
of active management of third stage labour (34,59). The Society of Obstetri-
cians and Gynaecologists of Canada recommended that even though the pos-
sible increased incidence of neonatal jaundice requiring phototherapy must be 
weighed against the potential benefits of DCC in term newborn infants but for 
premature newborn infants, DCC of at least 60 seconds is recommended since 
there is less risk of intraventricular haemorrhage and the need for transfusion 
if the cord is clamped late (60). Recently, the World Health Organization and 
also The American College of Obstetricians and Gynaecologists (ACOG) 
published a Committee Opinion (#684), recommending DCC for at least 30-
60 seconds in term and preterm infants except for conditions when immediate 
umbilical cord clamping is necessary (27,61). 

Delayed cord clamping in practice 
Even though there are published benefits primarily to both infant and mother, 
there is little evidence of practicing DCC routinely in hospital settings (29). 
Health-care providers tends to clamp the cord either as they were clinically 
trained to or according to organisational practice where they work (29). Im-
mediate or early cord clamping is a deeply rooted practice in maternity care 
and if they had to elect to wait to clamp, they feel like the whole world is in 
slow motion (62). New structures make them feel uncomfortable, strange and 
at variance, consequently, shifting to a new routine takes time and patience 
(62). 

In 2014, U.S. obstetricians were surveyed on their attitudes and beliefs to-
wards umbilical cord clamping and 88% of the physicians stated that their 
hospitals did not have a policy for cord clamping and they did not know the 
optimal timing for cord clamping (63). Even though the majority of the deliv-
ery care staff were aware of the new guidelines, they still practiced ECC and 
this knowledge gap could be rectified through the implementation of a nation 
and hospital-wide policy (64). 

There are examples where DCC is regularly and successfully applied even 
among distressed infants demonstrating the feasibility in clinical practice (65). 
It is possible to introduce DCC even if acceptance is slow and requires educa-
tion and quality feedback (66).The beliefs and knowledge of the individuals 
involved are critical components for the evolution of practice changes (62) 
where research can play a vital role in shifting towards evidence-based prac-
tice (67). Besides that, strong leadership is needed to provide strategies in the 
development and implementation of DCC (29). Nurses and nurse midwives 
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can be leaders in educating in the evidence surrounding DCC and by dispers-
ing misconceptions or myths (62).  
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Aims of the thesis  

The overall aims of this thesis were to investigate effects of timing of umbili-
cal cord clamping on newborn infant health, and on infant outcomes up to 12 
months of age in a high-risk population and to explore the context of imple-
menting changed umbilical cord clamping practice in Nepal. 

 
The specific objectives are: 
 
Study I 
To evaluate effects of delayed vs early umbilical cord clamping on anaemia 
in infants at 8 and 12 months (Paper I), neurodevelopment at 12 months (Paper 
II), and risk of hyperbilirubinemia during first month of life (Paper III). 

 
Study II 
To explore barriers and enablers for implementation of delayed umbilical cord 
clamping in Nepal. 
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Methods 

Studies in this thesis include both quantitative and qualitative methods. A ran-
domised controlled trial comparing DCC with ECC was conducted at Paropa-
kar Maternity and Women’s Hospital (PMWH). The first three papers were 
based on the randomised controlled trial. In order to explore barriers and ena-
blers for implementation of DCC, focus group discussions (FGDs) and key 
informant interviews (KIIs) were performed. Overview of papers included in 
the thesis is presented in Table 1. 

Table 1. Overview of papers included in the thesis (ECC – Early Cord Clamping (≤60 se-
conds after delivery), DCC – Delayed Cord Clamping (>180 seconds after delivery)). 

Paper Study design Study setting Sample size Outcome 
I Randomised  

controlled trial 
Paropakar  
Maternal and 
Women’s 
Hospital 
(PMWH) 

At 8 months: 
ECC-188 
DCC-212 
At 12 months: 
ECC-157 
DCC-177 

Delayed cord clamping 
(DCC) reduced anaemia 
at 8 and 12 months 

II Randomised  
controlled trial 

PMWH At 12 months: 
ECC-159 
DCC-173 

DCC was associated 
with better overall neu-
rodevelopment at 12 
months  

III Randomised  
controlled trial 

PMWH At discharge: 
ECC-270 
DCC-270 

Timing of cord clamp-
ing was not associated 
with risk of hyperbiliru-
binemia or jaundice 
during the first 4 weeks 
of life. 

IV Qualitative study: 
Focus Group  
Discussions 
(FGDs) and Key 
Informant  
Interviews (KIIs) 

PMWH and 
Tribhuvan  
University 
Teaching  
Hospital 

12 KIIs 
8 FGDs (34 
participants) 

Positive attitude to-
wards DCC and a will 
to rely on research evi-
dence when striving to 
do good are facilitators 
of change in clinical 
practice 
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Paper I, II and III 
Study setting 
This randomised controlled trial was conducted in Nepal at PMWH, Kath-
mandu, a tertiary government hospital providing obstetrical and gynaecologi-
cal services. It also serves as a central referral maternity centre for Nepal with 
an annual birth rate of approximately 20,000. This hospital provides antenatal, 
delivery and postnatal care for women and newborn and other obstetrical and 
gynaecological services. It also provides academic programmes such as post-
graduate diplomas and masters in obstetrics and gynaecology. The hospital is 
equipped with 415 inpatient beds and serves as the central referral hospital 
and training site for reproductive health including neonatal health in the coun-
try. 

Study design 
A trial design including two parallel groups (1:1 ratio) randomised to DCC 
(≥180 seconds) or ECC (≤60 seconds) was applied. The cut-off for ECC was 
based on an observational study in the same hospital, which showed a mean ± 
SD umbilical cord clamping time of 61 ± 33 seconds (68). 

Study population 
The hospital has two delivery units: the labour room for high-risk vaginal de-
liveries with the human resources of nurse midwives and obstetricians and the 
low-risk vaginal delivery unit, Maternal and Neonatal Service Centre (MNSC) 
staffed by nurse midwives. In caesarean section cases, delivery takes place in 
the operating theatre. The criteria for admission to the MNSC includes un-
complicated pregnancies, no complication at admission, and healthy mothers 
(no clinical history of hypertension, infection, diabetes, or any chronic medi-
cal condition), expected vaginal delivery, gestational age of 34 to 41 weeks, 
and singleton pregnancy. Women were eligible to participate in the study if 
they were assigned to the MNSC. Recruitment took place during all the hours 
of the day and all days of the week. The exclusion criteria were predefined as 
serious congenital malformations, syndromes, or other congenital disease that 
could affect the outcome measures. 

Randomisation and masking 
One of the principle investigators (OA) prepared a list using the random digit 
generator in the Excel program (Microsoft, Seattle, WA, USA) for the 540 
participants to determine their allocation into each treatment group. For con-



 23 

cealment, the treatment allocation to each participant was not revealed. Se-
quentially numbered, opaque envelopes were prepared holding cards with de-
tails of the allocated group. These envelopes were kept at the research office 
and were brought to the delivery unit before randomisation. 

For those women who had given consent to be part of the study, randomi-
sation took place a few minutes before delivery when the nurse midwife con-
sidered vaginal delivery was imminent. The surveillance officer opened the 
next consecutively numbered envelope and informed the nurse midwife of the 
allocation. The details of sequence generation and allocation concealment 
were limited to the investigator, who had no clinical involvement in the trial 
but participated in the data analysis after the trial had ended. Allocation cards 
and opened envelopes were discarded once used. The surveillance officer and 
nurse midwife did not actively inform the mother of the allocated treatment. 
However, the mother might have noticed the nature of intervention. The out-
come assessors were blinded to the allocation, as were the members of the 
research team who obtained the outcome measurements. 

Follow-up 
After delivery, the babies were taken care of according to standard clinical 
routines, and early breastfeeding was encouraged. As part of the study, the 
nurse midwife assessed the infant to see whether the baby has been breastfed 
at 1 and 6 hours. The infants stayed at the postnatal ward with their mothers 
for one or two days after delivery, except for those healthy babies whose moth-
ers preferred to leave the hospital earlier or infants who required admission to 
the neonatal unit. The surveillance officer stationed at the postnatal ward per-
formed TcB measurements of the child before the child and mother were dis-
charged from the hospital, as well as 24 and 48 hours after delivery if possible. 
At four weeks of age, all parents were contacted by phone and interviewed 
according to a semi-structured questionnaire, recording health status of the 
baby, need of medical care and current status. At 8 and 12 months of age, 
infants were scheduled for a follow-up visit including blood sampling (hae-
moglobin and ferritin). At 12 months of age, the Ages & Stages Questionnaire 
(ASQ) was used to record infants’ neurodevelopment. Parents were assisted 
in answering the ASQ. 

Sample size 
The sample size calculation was based on examining the effect of cord clamp-
ing on anaemia at 8 months of age. The national prevalence of anaemia was 
70% at 8 months (3). To find a difference of 15% (from 70% to 55%) in prev-
alence of anaemia between the two randomisation groups with a power of 80% 
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and a type I error rate of 0.05, a group size of 176 would be needed. Consid-
ering an attrition rate of 35%, we calculated that 270 newborn infants should 
be included in each group, i.e. a total of 540. 

Timeline 
The enrolment of 540 deliveries was started between 2 October and 21 No-
vember, 2014. Eight months blood sample tests were performed from 25 May 
to 4 August, 2015. Similarly, enrolment for 12 months blood sample testing 
and ASQ assessment were carried out from 6 September to 11 December, 
2015. 

Data collection 
When the delivery was imminent (expected within 10 min), a surveillance of-
ficer opened sealed numbered opaque envelope containing the treatment allo-
cation. The surveillance officer measured the time from complete delivery of 
the infant to the first clamp on cord using a stopwatch. The nurse midwife laid 
the infant on the mother’s abdomen until the cord was clamped. In the ECC 
group, the surveillance officer informed the nurse midwife when 60 seconds 
approached and that the cord should be clamped if not already earlier per-
formed. In the DCC group, the surveillance officer informed the nurse mid-
wife when 180 seconds had passed, and the cord should be clamped. If the 
nurse midwife recognised that the mother or the infant needed attention, the 
umbilical cord was clamped and cut regardless of the treatment allocation. 

Information on maternal age and parity, gestational age, Apgar scores, and 
birth weight were recorded. The gestational age was calculated based on the 
recall of each woman about her last menstrual period. Birth weight was based 
on the weight taken on an analogue weighing scale.  

Transcutaneous bilirubin measurement after birth 
At discharge, a nurse midwife who was trained in the procedure measured 
TcB on all included newborn infants. TcB was also measured at 24 and 48 
hours providing that the baby was available and had not been discharged. Bil-
irubin level was measured by the JM A30 bilirubinometer (Dräger Service, 
Germany). At four weeks of age, questions on recognisable signs (yellowish 
skin or eyes) and/or treatment of jaundice were included in the questionnaire. 
All data were entered in a data base and analysed by SPSS 22 (originally, 
Statistical Package for the Social Sciences, 22, IBM Corp).  

Blood sampling at 8 and 12 months  
At 8 and 12 months, laboratory staff collected a venous blood sample (2 mL) 
from the infants with a needle of a 3-mL syringe (Lifeline Services Pvt. Ltd). 
The blood sample was transferred into an anticoagulant-treated vial (EDTA 
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K3; Zhejiang Gongdong Medical Technology Co, Ltd). Blood samples were 
stored at room temperature and analysed the same day. A haematology ana-
lyser (ABX Pentra XL 80; Horiba Medical) was used for haemoglobin analy-
sis, and an immunoassay system (ADVIA Centaur; Siemens Healthcare 
GmbH) was used for ferritin analysis. 

ASQ at 12 months 
The ASQ is a screening tool that helps parents provide information about the 
development milestones of their children. It includes a series of parent-report 
questionnaires that span the age range of 2 to 60 months (69). For the second-
ary outcome neurodevelopment at 12 months of age, the third edition of the 
ASQ was used. It consists of three sections: brief demographic items; 30 ques-
tions divided into five different domains (communication, fine motor, gross 
motor, problem solving ability, and personal-social functioning); and seven 
open-ended questions regarding parental concerns about their children’s 
growth and abilities. There are three choices for each question in the second 
section: “Yes”, “Sometimes”, and “Not yet”, which score 10, 5, and 0, respec-
tively. Domain scores are then calculated by the sum of each item. According 
to the ASQ manual, cut-off scores for the follow-up are created by subtracting 
the mean score with two standard deviations (2SD). In addition, we con-
structed an “at risk” cut-off score by subtracting one SD from the mean score. 

The English questionnaire of 12 months ASQ was first translated to Nepali 
and then the Nepali version was validated with the English version by a pro-
fessional English translator. After that, the questionnaire was piloted with ten 
infants of a similar age. 

Even though the ASQ is a parent-report questionnaire, in the Nepalese con-
text it was not feasible to send questionnaires to all parents since many parents 
were illiterate and also all people do not have a personal postal address. There-
fore, it was decided to conduct interviews with the mothers by surveillance 
officers from the research team using ASQ when they came for the 12-month 
blood test according to the study protocol. The translated questions were gen-
erally also fit for use in the Nepalese culture. 

Expected outcomes 
The primary outcome was prespecified as the haemoglobin level at eight 
months of age. The haemoglobin level was analysed by comparing means and 
as a categorical variable. Anaemia was defined as a haemoglobin level of less 
than 11.0 g/dL (altitude corrected) (to convert to grams per litre, multiplication 
by 10 was performed). The secondary outcomes included the following: 
• Hyperbilirubinemia in term newborn infants, analysed based on gesta-

tional age and age measured in hours after birth 
• Haemoglobin level at 12 months of age, analysed by comparing means 

and as a categorical variable with the same definition of anaemia. 
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• Ferritin levels at 8 and 12 months of age, analysed by comparing means 
and as categorical variables. ID was defined as a ferritin level of less than 
12 μg/L (70). 

• IDA at 8 and 12 months of age, defined as ferritin and haemoglobin levels 
below the respective cut-offs. 

Altitude correction 
We used the Centres for Disease Control and Prevention haemoglobin adjust-
ment method to correct for altitude (−0.32 × (altitude × 0.0032808) + 0.22 × 
(altitude × 0.0032808)2). The altitude of Kathmandu is 1400 m above sea level 
and was calculated in the given formula, resulting in a correction of 0.32 g/dL, 
which was subtracted from each of the individual haemoglobin results before 
making descriptive statistics and group comparisons (71). 

Data management 
The surveillance officer filled out all the information in the record form. The 
research manager verified all the record forms with the primary source of data. 
A data entry officer re-checked for discrepancies before entering the data into 
computers for all three studies. During the intervention period, the quality con-
trol team from Uppsala University provided supervision to ensure quality of 
data collected and to avoid data loss. A protocol for data tracking was fol-
lowed. 

The Census and Survey Processing System (CSPro), a public domain soft-
ware package developed and supported by the U.S. Census Bureau and ICF 
Macro was used for quality data management. CSPro is interfaced with SPSS, 
which was used for statistical analysis, data management (case selection, file 
reshaping, creating derived data), and data documentation. Hard copies of rec-
ords are stored in a filing system in a secure room. Data was checked for ac-
curacy, consistency, and completeness in both CSPro and SPSS. An analysis 
plan was developed in accordance with the reporting guidelines. A baseline 
profile and comparison of key variables between groups was presented. 

Statistical analysis 
Analysis was based on intention to treat. In papers I, II and III, we used an 
unpaired 2-tailed t test for variables with normal distribution; categorical var-
iables were compared between groups using the Fisher exact test. 

Consideration was paid to baseline or follow-up data that were imbalanced 
between treatment groups and was significantly correlated with primary and 
secondary outcomes. We used multivariate analysis of variance (MANOVA) 
and logistic regression analysis, as appropriate, to control for this imbalance. 



 27 

Calculations of the Spearman rank correlation coefficient (ρ) were used to 
determine variables that were associated with the ASQ total score at 12 
months. Variables with a correlation significance of p < 0.05 for each outcome 
were then entered into a linear regression model. 

Owing to attrition rates at 8 and 12 months, we also analysed data using the 
multiple imputation method in SPSS to reduce possible biases from missing 
data and to increase precision in both papers I and II (72). Variables included 
in the model as predictors were: time to cord clamping, mother’s age, previous 
pregnancies, gestational age, birth weight, sex, time from delivery, haemoglo-
bin and ferritin at 8 and 12 months, and ASQ at 12 months. These were entered 
as both dependent and predictive variables, whereas age and haemoglobin and 
ferritin levels at 12 months of age and ASQ total score, and the domain scores 
(communication, fine motor, gross motor, problem solving ability and per-
sonal-social functioning) were entered as dependent variables. Imputation was 
carried out five times. 

Data was analysed according to both intention-to-treat and as per protocol. 
Normally distributed data was compared by using t-test and described by 
mean and SD. Bilirubin values were treated both as a continuous variable and 
analysed with Student’s T-test and linear regression and as a categorical vari-
able analysed by Chi-square test. We chose to analyse measurements obtained 
between 6 and 72 hours after birth for bilirubin measured at the time of dis-
charge. MANOVA was performed for bilirubin measured at time of discharge 
as this timing varied. Gestational age was significantly different between the 
groups and was also entered into the MANOVA model. A predictive nomo-
gram for TcB (55) was used to assess risk of developing significant neonatal 
hyperbilirubinemia. All newborn infants were categorised in low, intermedi-
ate and high risk of hyperbilirubinemia. 

Ethical considerations 
All research involving newborn infants and small children needs careful ethi-
cal considerations, mainly since the subjects themselves cannot agree to 
whether or not they want to participate in the study. In particular, research that 
is not of immediate benefit to the patients’ needs special ethical consideration. 
The included infants were healthy late preterm or term infants undergoing um-
bilical cord clamping, which is a standard procedure after birth. Previous data 
indicate that DCC may be beneficial. The infants were randomised to either 
early or delayed clamping in a hospital with the routine of performing ECC. 
Consequently, infants included were either subjected to standard care or an 
intervention with potential benefit. The study was approved by the institu-
tional review board of the hospital and the ethical review board of Nepal 
Health Research Council (Reg no. 76/2014) on 5 June, 2014. The trial was 
registered at clinicaltrial.gov with the registration number NCT 02222805 
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(https://clinicaltrials.gov/ct2/show/NCT02222805) on 19 August, 2014. Writ-
ten informed parental consent was obtained after assignment to the MNSC 
from the women who were eligible and willing to participate and they were 
also informed that they could withdraw from the study at any time without any 
need for explanation. 
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Figure 3. Trial profile (CONSORT flowchart) 
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Paper IV 
Study settings 
This qualitative study was carried out at two large referral hospitals in Kath-
mandu, Nepal. PMWH is a publicly funded maternity hospital for gynaeco-
logical and obstetrics services. It is one of the skilled birth attendant (SBA) 
training centres. Tribhuvan University Teaching Hospital (TUTH) is a non-
profitable hospital with about 7,500 deliveries per year. It is a central referral 
hospital dealing with all types of medical services including maternity ser-
vices. The hospital has two distinct functions; as a teaching hospital and as a 
national hospital, rendering medical care and services. The hospital is also one 
of the SBA training centres. The hospital has two delivery units: a high risk-
labour room with human resources of nurse midwifes and obstetricians and a 
low risk-birthing centre run by nurse midwifes. Birthing centres at both hos-
pitals are managed by SBA trained nursing staff except in the case of unex-
pected emergency cases. 

Design and participants 
To explore the barriers and enablers for implementation of DCC, FGD and 
KII were selected as preferred methods to collect data. The FGD and KII 
guidelines were developed with the participation and consensus of all the au-
thors. 

The nursing staff working in delivery units were invited to form a group to 
discuss the topic. A purposive sampling strategy was used based on the selec-
tion criteria: delivery staff involved in conducting deliveries in the labour 
room and birthing unit (MNSC) at PMWH; and in the labour room and birth-
ing centre at TUTH for FGD. Only nurse midwives who were on-duty were 
available to participate in the discussion. Invitations were channelled through 
the ward in-charge of each delivery unit and they arranged the duty schedule 
to gather nursing staff as was possible when discussions were scheduled to 
take place. The ward in-charges and SBA trainers who were supervisors for 
the whole unit were explicitly asked not to be present during the discussions 
and were invited to separate KIIs. This was considered to be a suitable way to 
include perceptions at the managerial level and to increase the variation of the 
data. It also enabled them to provide their own perceptions on the study topic. 
The characteristics of the participants are described in Table 2. 
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Table 2. Characteristics of the participants of the FGD and KII from PMWH and 
TUTH. 

Data collection 
To create a trustworthy environment, the first author visited both hospitals and 
described the purpose of the study. The first author requested one of the nurs-
ing supervisors in each hospital to support in coordinating with the ward in-
charge and delivery staff for setting times and availability of the participants 
for the discussions. The first author moderated all the FGDs and KIIs in Ne-
pali. Four groups of delivery care nurses working in the labour room and birth-
ing units from each hospital, altogether 8 groups in total, were included in 
FGDs with 3-5 participants in each group. Three KIIs from TUTH and 9 KIIs 
from PMWH were conducted with the ward in-charge and SBA trainers. The 
FGDs and KIIs lasted between 20 and 40 minutes. For the FGDs, the number 
of participants required to be large enough to generate a meaningful group 
discussion but small enough on account of difficulties in gathering together at 
the same time due to different duty schedules. 

Before analysis, both FGDs and KIIs were recorded by voice recorder, tran-
scribed verbatim in the local language (Nepali) and translated into English by 
the first author. 

 Participants 
(n) 

Years of  
experience a 

Range (Median) 

Participants 
with SBA 

training (n) 

Degree at-
tained (n)b 

KIIs:     
SBA trainer/su-
pervisors 

8 19–33 (28) 8 BN (6), MN (1),  
M.HCM (1) 

Ward in-charges 4 25–28 (27.5) 4 BN (4) 
FDGs:     
Labour room 
(TUTH) 

14 4/12-16 (6) 2 PCL (2), BN 
(6), BSc Nurs-
ing (5), MN (1) 

Birthing Centre 4 9–22 (15.5) 3 BN (3), BSc 
Nursing (1) 

Labour room 
(PMWH) 

6 8–17 (14.5) 6 BN (6) 

Birthing Unit  10 5–22 (12.5) 9 PCL (2), BN (8) 
a Year of experience within health care among participants 
b Degree attained: PCL=Proficiency Certificate Level in Nursing, BN=Bachelor in Nursing, 
BSc Nursing: Bachelor science in Nursing, MN= Masters of nursing, M.HCM=Masters in 
Health Care Management 



 32 

Data analysis 
An inductive approach to the data was applied and analysis was performed 
through qualitative content analysis as outlined by Graneheim and Lundman 
(73). Transcripts were coded manually in line with the aims of the study. After 
coding text segments, codes were condensed into sub-categories which were 
given descriptions reflecting the content. 

The next stage of analysis was performed by all the authors together in a 
back-and-forth process and the sub-categories were sorted into categories. To 
increase the descriptive value of the categories, some level of abstraction was 
used, but the authors still attempted to accurately reflect the content of the 
subcategories. 

The first author then went back to the original text to find quotes that were 
representative of each category. The categories and subcategories and related 
quotes were finally presented to all of the co-authors to allow them to com-
ment and agree on the findings. 

Validity and reliability of tools 
The instrument for data collection in this study was an interview guide with 
open-ended questions developed after extensive review of the literature. The 
tool was reviewed by the last author to check for face and content validity and 
translated and back-translated to and from Nepali to English. 

Ethical considerations 
Ethical clearance was obtained from the institutional review board of both 
hospitals; Paropakar Maternity and Women’s Hospital (58-5-1561) and 
Tribhuvan University Teaching Hospital (date: 11 March 2018) and from the 
Nepal Health Research Council (Reg.no:17/2018) on 15 April 2018 before 
data collection started. All participants signed a written informed consent form 
before the discussion started and were reassured that the confidentiality of the 
information would be respected before the discussion started. The participants 
were informed about the possibility to withdraw from the study at any time 
without any sanctions or need for explanation. The study participants were at 
no risk of harming themselves or others by taking part in this study. Participa-
tion in the study was voluntary. Notes and audio records were kept in a safe 
place by the moderator. The moderator transcribed in Nepali and translated 
into English. The participants’ anonymity was maintained throughout the data 
collection, analysis and reporting period. 



 33 

Results 

Randomised controlled trial 
For the randomised controlled trial, altogether 2,588 pregnant women were 
admitted to the hospital during the recruitment time period, 1,775 pregnant 
women did not meet the inclusion criteria for the study. A total of 813 women 
who were admitted to the MNSC were assessed as being eligible for the study, 
resulting in 273 not being randomised as they declined participation. In the 
early clamping group, 257 out of 270 and in the delayed clamping group, 209 
of 270 received the allocated intervention. Losses to follow up occurred in 4 
weeks, 8 months and 12 months for various reasons, Figure 3.  

Maternal and newborn characteristics 
After obtaining signed consent from the pregnant women and when birth was 
imminent, 270 women were randomly assigned to cord clamping no later than 
60 seconds (early) and 270 to cord clamping after at least 180 seconds (de-
layed). The mean age of the mothers was 23.6 ± 4.1 years and 291 (53.9%) of 
women were primipara. Almost all the mothers, 502 (93.0%) had attended 
antenatal care. In total, 466 (86.3%) of the 540 included received the allocated 
intervention (Figure 3). For the early clamping group, the median time to 
clamping the umbilical cord was 32 (interquartile range, 23-45) seconds and 
for the delayed clamping group it was 192 (interquartile range, 185-199) se-
conds, p<.001. At one hour of age, 533 (98.7%) babies had initiated breast-
feeding. The length of stay in hospital after delivery was 20.4 (14.9 to 26.9) 
hours in the early and 20.2 (14.8 to 24.7) hours in the delayed clamping group. 
In total, 524 (97%) babies were discharged between 6 to 72 hours of birth. 

There were no differences in maternal background variables detected be-
tween the two groups. There was a significant difference in gestational age. It 
was significantly lower in the early clamped group, mean difference 1.6 days 
(95% confidence interval 0.3 to 3.0). In the early clamping group, 12 (4.5%) 
were born before 37+0 gestational age, compared to 5 (1.9%) in the delayed 
clamping group, p=0.09. There were no differences in birth weight and sex of 
the newborns between the two randomised groups (Table 3). When analysing 
the 466 cases performed per protocol, there were no significant differences in 
maternal and newborn infants’ background variables. 
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Table 3. Background characteristics of maternal and newborn included in the study 
at PMWH in Kathmandu, Nepal. 

 ECC 
(n=270) 

DCC 
(n=270) 

p value 

mean (SD) mean (SD) 

Maternal Characteristics 

Age (years) 23.8 (4.3) 23.4 (3.9) 0.2 

No. of pregnancies 1.6 (0.8) 1.7 (0.9) 0.8 
Newborn Characteristics 
Birth weight (grams) 3,015 (426) 3,029 (405) 0.7 
Gestational age(weeks) 39.0 (1.2) 39.3 (1.1) 0.02* 

No (%) of Female 124(46%) 135 (50%) 0.4 

5-min Apgar score of 7-10, No. (%)  
 

260 (96.3) 
 

258 (95.6) 
 

0.4 

Data is presented as mean (SD) except for number of females. Values are means (SD) 
unless stated otherwise. * mean difference is -0.2 (-0.4 to 0.0) 

Main results 
Bilirubin and jaundice (Paper III) 
Out of the 570 newborn infants included, TcB was measured at 24 hours after 
delivery for only 199 (37%) and for 20 (4%) at 48 hours. At discharge, biliru-
bin was measured for all the infants. The mean value was not statistically dif-
ferent between groups at any of the time points of measurements (Table 4). 
While performing the analysis per protocol, values did not change considera-
bly; the mean bilirubin in the ECC group was 87.8 ± 41.1 μmol/L and in the 
DCC group 85.4 ± 36.1 μmol/L respectively, p=0.52. We also adjusted biliru-
bin at discharge for time of measurement and gestational age, as it was signif-
icantly different between the groups. After adjustments for the time of meas-
urement for the bilirubin at discharge, the difference between the groups was 
still not significant. For the ECC group, TcB was 87.1 (SE 2.3) μmol/L and 
for the DCC group, it was 85.8 (SE 2.3) μmol/L, and the mean adjusted dif-
ference was -1.3 (95% CI -7.8 to 5.2). 

Table 4. Transcutaneous bilirubin levels at 24 hours after delivery and at discharge 
(Intention-to-treat). 
 ECC DCC p-value 

TcB Mean (SD) Participants Mean (SD) Participants  
At 24h  103.6 (33.1) 108 104.8 (32.3) 91 0.8 
At discharge 87.3 (40.8) 270 85.4 (37.9) 270 0.6 
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Based on the bilirubin level and time after delivery, all the values were fitted 
into the predictive nomogram provided by Varvarigou et al. (55). Newborn 
infants were categorised into low, intermediate and high risk of hyperbiliru-
binemia. The number of newborn infants in the intermediate or in high-risk 
group was 83 (32.5%) in the ECC and 91 (35.1%) in the DCC group (p=0.58). 
Based on age in hours as well as gestational age, 81 (32.3%) of the ECC group 
and 86 (33.2%) of the DCC group had at some point in time a pathological 
bilirubin (p=0.78). Among neonates born before 37+0 gestational weeks, 
pathological bilirubin was detected in 3 (25%) in the early and in 1 (20%) in 
the delayed cord clamping group (p>0.99). 

At the four weeks follow up, 506 of the 540 mothers were successfully 
contacted by telephone. According to mothers’ telephone reports, a total of 30 
neonates experienced symptoms of jaundice, such as yellowish skin or eyes, 
13 (5.1%) were from the ECC and 17 (6.7%) from the DCC group (p=0.57). 
Among those who had reported jaundice, 3 (1.2%) infants from the ECC and 
1 (0.4%) from the DCC group (p=0.62) requested medical consultation for the 
symptoms of jaundice but no one reported that their neonate had received pho-
totherapy or transfusion for its treatment. 

Haematological and iron status (Paper I) 
We lost contact with many of the participants after the massive destruction 
due to earthquakes in Nepal in 2015; many people living in the Kathmandu 
valley fled to their native villages and some of them did not return due to fear 
of aftermaths. Along with that, a blockade from India had also affected trans-
portation within the country. As a consequence of these two major incidents, 
only mothers of 400 infants at 8 months and of 334 infants at 12 months of 
age were successfully contacted. 

At 8 months  
The primary outcome of this randomised controlled trial was haemoglobin 
levels at 8 months of age of pre-specified infant. Blood sampling took place 
from 25 May to 4 August, 2015. At 8 postpartum months, 188 (69.6%) in the 
ECC group and 212 children (78.5%) in the DCC group, in total 400 infants 
(74.1%) returned, at a mean ± SD age of 238 ± 8 days. The difference in return 
rate between the groups was statistically significant, (p = 0.02) for reasons 
unknown. The mean haemoglobin level was 0.2 (95% CI, 0.1-0.4) g/dL higher 
in the DCC group (Table 5). Anaemia prevalence in the ECC group [222 
(82.2%) vs 197 (73.0%)] was higher with a relative risk of 0.89 (95% CI, 0.81-
0.98) (Table 6). 
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Table 5. Laboratory status at 8 and 12 months of age in infantsa. 
Cord clamping group, Mean (SD) 

Laboratory status Early 
(n=270) 

Delayed 
(n=270) 

Difference 
(95%CI) 

p valueb 
 

8 months follow-up 

Time to umbilical cord 
clamping, seconds 

35 (2) 159 (9) 125 (116 to 133) <.001 

Haemoglobin level, g/dLc 10.2 (0.9) 10.4 (0.9) 0.2 (0.1 to 0.4) 0.008 

Ferritin level, µg/Ld 16.4 (2.2) 21.8 (2.1) 33 (14 to 56)e <0.001 

12 months follow-up 

Haemoglobin level, g/dLc 10.1 (1.0) 10.3 (0.9) 0.3 (0.04 to 0.5) 0.02 

Ferritin level, µg/Ld 13.2 (2.1) 15.6 (2.4) 18 (−6 to 48)e 0.14 

SI conversion factors: To convert ferritin to picomoles per litre, multiply by 2.247; haemo-
globin to grams per litre, multiply by 10.0.  
aResults are presented after multiple imputation analysis. Data in multiple imputation analy-
sis were based on early cord clamping (n = 188) and delayed cord clamping (n = 212) at 8 
months and early cord clamping (n = 157) and delayed cord clamping (n = 177) at 12 
months. Early clamping was defined as 60 seconds or less; delayed clamping, 180 seconds or 
longer. 
bCalculated using an unpaired 2-tailed t test. 
cCorrected for altitude. 
dPresented as geometric mean (geometric SD). 
ePresented as geometric mean ratio in percentage. 

 
One of the secondary outcomes was that the ferritin concentration at 8 months 
was significantly lower in the ECC groups (difference in geometric mean ratio 
33%; 95% CI, 14%-56%). ID (103 [38.1%] vs 60 [22.2%] infants) and IDA 
(90 [33.3%] vs 52 [19.3%] infants) were significantly high prevalent in the 
ECC group. The relative risk of having ID was 0.58 (95% CI, 0.44-0.77) in 
the delayed group, with a number needed to treat (NNT) of 6 (95% CI, 4-13); 
the relative risk for having IDA was also 0.58 (95% CI, 0.42-0.78), with an 
NNT of 7 (95% CI, 5-6). 

At 12 months 
At the age of 12 months, 334 infants (61.9%) returned for blood tests from 6 
September to 11 December, 2015 where 157 (58.1%) infants were from the 
early and 177 (65.6%) infants were from the delayed group with a mean ± SD 
age of 357 ± 17 days. Mean haemoglobin was 0.3 (95% CI, 0.04-0.5) g/dL 
higher in the delayed group (Table 5). Anaemia was less prevalent in the DCC 
group, with a relative risk of 0.91 (95% CI, 0.84-0.98), resulting in an NNT 
of 12 (95% CI, 7-78). No difference was found in the serum ferritin level or 
prevalence of ID or IDA between the groups (Table 6). 
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Table 6. Proportion of infants with haemoglobin and serum ferritin outside reference 
limits at 8 and 12 months of agea. 

Cord Clamping Group, No. (%)

Laboratory status 
(definition) 

ECC 
(n=270) 

DCC 
(n=270) 

p valueb RR (95%CI) NNT 
(95%CI) 

8-month follow-up 

Anaemia (Haemo-
globin < 11.0 g/dL)c 

222 (82.2) 197 (73.0) 0.01 0.89 
(0.81-0.98) 

11(6–54) 

Iron deficiency 
(Ferritin < 12 µg/L) 

103 (38.1) 60 (22.2) <0.001 0.58 
(0.44-0.77) 

 

6 (4-13) 

Iron deficiency 
anaemia (Haemo-
globin  
< 11.0 g/dL and  
Ferritin < 12 µg/L) 

90 (33.3) 52 (19.3) <0.001 0.58 
(0.42-0.78) 

7 (5-16) 

12-month follow-up 
 

Anaemia (Haemo-
globin < 11.0 g/dL)c 

232 (85.9) 210 (77.8) 0.02 0.91 
(0.84-0.98) 

12 (7-78) 

Iron deficiency 
(Ferritin < 12 µg/L) 

116 (43.0) 96 (35.6) 0.09 0.83 
(0.66-1.03) 

NA 

Iron deficiency 
anaemia (Haemo-
globin  
<11.0 g/dL and  
Ferritin < 12 µg/L) 

102 (37.8) 82 (30.4) 0.8 0.80 
(0.63-1.03) 

NA 

Abbreviations: NA, not applicable; NNT, number needed to treat; RR, relative risk.  
SI conversion factors: To convert ferritin to picomoles per litre, multiply by 2.247; haemo-
globin to grams per litre, multiply by 10.  
aResults are presented after multiple imputation analysis. Data in multiple imputation analy-
sis were based on early cord clamping (n = 188) and delayed cord clamping (n = 212) at 8 
months and early cord clamping (n = 157) and delayed cord clamping (n = 177) at 12 
months.  
bCalculated using the Fisher exact test.  
cHaemoglobin level was corrected for altitude.

Ancillary analyses at 8 and 12 months 
At 8 months of age, all infants were partially breastfed. Weaning foods were 
equally common between groups, except for fruit that was given to 48 of 188 
infants (25.5%) in the ECC and 27 of 212 infants (12.7%) in the DCC group 
(p = 0.003). We found no difference in occasions of respective feedings per 
day between groups. At 12 months of age, 298 of the 334 infants (89.2%) were 
still partially breastfed. The other types of food and feeding occasions did not 
differ between the groups. The parents did not report giving iron supplements 
to any infant. 
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Gestational age was not statistically balanced between treatment groups 
(Table 3), and at 12 months the mean ± SD age of the infant at the time of 
blood sampling also differed significantly between groups, being at 355 ± 17 
days in the ECC and 359 ± 17 days in the DCC group (p = 0.02). To control 
this difference, we performed a MANOVA for the scale variables and logistic 
regression for categorical variables, entering gestational age as a covariate 
when analysing variables from the 8 and 12-month blood samples and adding 
age as a covariate in the analyses of 12-month blood samples. The results from 
the MANOVA and logistic regression analysis did not change the results sig-
nificance. 

We found a significant difference between groups regarding protocol ad-
herence, as 13 infants (4.8%) in the ECC group had their cords clamped after 
60 seconds and 61 infants (22.6%) randomised to DCC had their cord clamped 
before 180 seconds. To control for this difference, we performed the analysis 
again including only infants treated according to their assigned allocation 
group (per protocol). This analysis resulted in an overall more pronounced 
difference between the early and delayed group, but did not change the results 
in a way that would affect the conclusions of the study. 

Neurodevelopment at 12 months (Paper II) 
In total, 334 out of 540 infants (61.9%) returned for ASQ assessment at 12 
months between 6 September and 11 December, 2015. Two of them were ex-
cluded from the assessment as they exceed the specified age interval. Among 
the 332, 159 (58.9%) infants belonged to ECC and 173 (64.1%) to DCC 
groups. The ASQ assessments were done (mean ± SD) 355 ± 21 days for early 
group and 360 ± 23 days for the delayed group. Among the 332 infants, 180 
(54%) were male. There were no significant differences in distribution of sex 
between the groups. 

The mean weight was 9,177 ± 1,096 in the ECC (n=155) and was 9,181 ± 
1,138 in the DCC group (n=168) at 12 months of age, where mean weight gain 
with SD was 6,112 ± 1,004 and 6,108 ± 1,049 in respective groups. There 
were no significant differences between the groups regarding maternal or in-
fant baseline date. 

After multiple imputation analysis, more children in the ECC group were 
‘at risk’ of having affected neurodevelopment measured by ASQ total score, 
21 (7.8%) versus 49 (18.1%) in the delayed group, relative risk 0.43 (0.26 to 
0.71) and had lower mean total score ± SD, 287.2 ± 10.1 vs 290.4 ± 10.4, 
p<0.01. Significantly fewer infants in the DCC group were at risk of having 
neuro-developmental impairment when comparing total score, and in the do-
main ‘communication’, ‘gross motor’ and ‘personal social’ (Table 7).  
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Table 7. At risk (-1SD) ASQ at 12 months of age in infants who were randomised to 
early (≤60 seconds after delivery) or delayed (≥180 seconds) umbilical cord clamp-
ing after multiple imputation. 

 ECC 
(n=270) 

DCC 
(n=270) p value RR 

(95%CI) 
NNT 

(95%CI) 
Total score  
< 279 

49 (18.1) 21 (7.8) <0.001 0.43  
(0.26-0.71) 

10 (6-23) 

Communication 
< 56.8 

46 (17.0) 22 (8.1) 0.003 0.48  
(0.28-0.79) 

11 (7-34) 

Gross motor  
< 49.3 

49 (18.1) 30 (11.1) 0.03 0.61  
(0.39-0.95) 

14 (8-141) 

Fine motor  
< 55.5 

42 (15.6) 32 (11.8) 0.26 0.76  
(0.48-1.20) 

 

Problem solving 
<52.0 

56 (20.7) 40 (14.8) 0.09 0.71  
(0.48-1.05) 

 

Personal social  
< 55.4 

54 (20.0) 29 (11.1) 0.004 0.54  
(0.34-0.83) 

11 (7-35) 

Abbreviations: NNT, number needed to treat; RR, relative risk.  
Data are shown as n (%) or with 95% confidence intervals (CI). Results are presented after 
multiple imputation analysis. Data in multiple imputation analysis were based on ECC  
(n = 157) and DCC (n = 173), p-value by Fisher’s exact test.  

 
The ASQ total score at 12 months had significant correlations with the ran-
domised group; infant’s sex, breastfeeding within the first hour of life, hae-
moglobin and ferritin at 12 months of age. When the 12-month ASQ question-
naire was answered, the age of the infant correlated positively with the total 
score. In multivariate linear regression analysis, the randomisation group and 
haemoglobin levels at 12 months of age remained significant predictors, as 
well as postnatal age. In this model, the adjusted ASQ total score was lower 
in the ECC group (Table 8). 

Table 8. Predictors of the ASQ total score at 12 months of age: results of multivari-
ate linear regression analysis. 

 B (95% CI) p-value 

Intercept 253.5 (288.3 to 278.6) < 0.001 

Male –1.9 (–4.2 to 0.3) 0.09 
Randomisation –2.8 (–5.1 to –0.6) 0.02 

Breastfed within first hour –13.6 (–27.8 to 0.7) 0.06 
Haemoglobin at 12 months 1.8 (0.6 to 3.1) 0.004 
Ferritin at 12 months 0.09 (–0.5 to 6.3) 0.09 

Age at test 0.08 (0.03 to 0.13) 0.002 
CI, confidence interval. F = 7.8; p < 0.001; R2 = 0.111; n = 326  
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When analysis was restricted to the infants who received the allocated inter-
vention, the DCC group (n = 132) still scored higher in both communication 
and personal-social than the ECC group (n = 151), with mean difference (95% 
CI) of -0.7 (-1.3 to -0.2) and -1.5 (-2.3 to -0.6) at p=0.009 and 0.001, respec-
tively. 

Barriers and enablers for implementation of DCC (Paper IV) 
For this study, recruitments for FGDs and KIIs took place from 22 April to 20 
May, 2018. Altogether, 8 groups of delivery care nurses working in the labour 
room and birthing units from both hospitals were included in FGDs. Twelve 
KIIs with ward in-charges and SBA trainers who were supervisors for the 
whole unit and SBA trainers in PMWH and TUTH were conducted. From the 
analysis of FGDs and KIIs, we found six categories and 18 sub-categories 
(Table 9). 

Table 9. Categories and their corresponding subcategories from both FGD and KII. 

Categories Sub-categories 

Medical and physical constraints  
Maternal medical condition  

Foetal medical condition  
Physical setting  

Habitual practice  

Routine work  
Need for reminders  
Need to have knowledge about benefits  
Change through practice  

Forced to informal learning  
Lack of refresher training  
Peer learning, and informal information  

Lack of coherence  
Lack of team work  
Lack of trust among team  

Need to bring uniformity  

Knowledge update through coaching and orientation  
Request for authorised protocol  
Supervision, monitoring and evaluation  
Use flex chart, poster and pamphlet to raise awareness  

Opportunities for change  
The will to do good  
Research as authority  
Trust in hierarchical system  

 
The discussion revealed constraint to perform DCC due to maternal or foetal 
medical conditions, which makes it difficult to wait to clamp the cord. Also, 
sometimes the mother is not ready to keep the newborn on her abdomen, either 
because she is uncomfortable or afraid or just not cooperative. Besides mater-
nal and foetal conditions, physical conditions were barriers to DCC, e.g. in the 
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operating theatre the delivery bed is small and it is difficult to keep the baby 
on the mother’s abdomen, the room temperature is low especially in winter, 
and sometimes due to lack of manpower and heavy work load delivery staff 
cannot wait for DCC. 
  

“…some mothers would get afraid and say don’t keep it on my abdo-
men...they would say “I don’t want to hold the baby”.” (Birthing centre 
in-charge) 
 

Sometime it is difficult to adopt new guidelines due to habitual practice as the 
medical staff in attendance gets stressed and feels the need to cut the cord 
before any other procedure. It is more difficult to adopt new routines for more 
senior staff as they have been carrying out old practices for a long time. They 
forget the new practice, and they require reminders more frequently at the be-
ginning; reminders, especially from ward in-charge and SBA trainer/supervi-
sors. 

 
“Very senior sisters, they themselves don’t want to change, they want to 
do how they have been practicing it.” (SBA trainer/supervisor) 
 
“They remember only after we remind them about delaying the cord 
clamping” (Nurse in-charge) 
 

Inadequate knowledge about the benefits and disadvantages of DCC, and lack 
of formal information through coaching or training made delivery staff hesi-
tant to bring intervention in practice. Due to lack of refresher training oppor-
tunities and knowledge updates for SBA trained staff, they are left to rely on 
informal learning and are forced to take their own initiative to learn new ideas 
through peer learning, self-education and in-service learning. Therefore, there 
should also be a demonstration to begin with and they should be supported to 
practice regularly until it becomes a new habit. Along with that, it is necessary 
to have self-motivation to adopt change. 

 
“We had SBA training 2-3 years back, we don’t have training that often 
so... if it was frequent then we would have been updated too but there is 
not much training, that’s why” (Nurse in-charge) 
 
“There should be simulation and at the beginning they should have super-
visors with them, that would help them to learn it gradually” (Nurse mid-
wife) 
 
“It’s all about practice and if they get into practice then it continues.” 
(SBA trainer/supervisor) 
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“More than that, it should come from their inner heart, from their attitude” 
(SBA trainer/supervisor) 
 

There is lack of coherence within the team. There is no proper teamwork and 
trust among the team members, which forms a barrier to creating uniformity. 
Delivery staff feel that the medical doctors regard themselves as superior to 
them and that they don’t have to follow what nurses say, even though it is 
about the latest information that the doctors are unaware of. 

 
“It would have helped to have the same thoughts because even though we 
are a different team, our goal is the same, only our way is different.... pa-
tient comfort, condition of patient, safe mother and child.... It would have 
been better if that could have happened” (SBA trainer/supervisor) 
 
“If doctors are involved in a delivery then they ask, “Who said delayed 
cord clamping?” (Nurse midwife) 
 
“Yes, they feel superior.... ‘we are doctors and you are just a nurse. Why 
should we listen to nurses?’ We feel it, we have the same value as they have 
but they seem to feel that, ‘nurses are our assistants’.” (SBA trainer/super-
visor) 
 

Onsite coaching, refresher training for those who have already received SBA 
training and orientation to all delivery staff nationwide can help to bring uni-
formity in clinical practice. DCC should be included in the nursing curriculum 
and SBA training manual and thus be formalised. Standardised protocol at the 
national level and within the hospital guides and puts pressure on delivery 
staff to follow and adopt new guidelines. The protocol should be disseminated 
through official written documents or letters so that they reach all over the 
country and information can be spread quickly in an authorised way. 

 
“Those who are exposed to conducting delivery should formally know 
about it. Small orientations or one- or two-day packages as per content 
volume.” (Nurse midwife) 
 
“It should be included in the SBA course. Secondly, it should be included 
in the bachelor’s and master’s curriculum and after that every hospitals 
and periphery level should provide orientation.” (Nursing in-charge) 
 
“It would be best if we could make it a protocol, if this is possible. It would 
be useful for ever, everyone would read it and apply it. It would go to every 
place and everyone would do their work as per the protocol.” (SBA 
trainer/supervisor) 
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“There should be authorised instructions and then everyone would do it.” 
(Nurse midwife) 
 

DCC should be included in the partograph and have regular supervision and 
monitoring from a higher level, since it is difficult to bring change without 
effective supervision and monitoring. Developing a flex chart, poster and 
pamphlet, and advertising through radio, television and other social media 
could be methods of raising awareness. These methods will not only raise 
awareness among delivery staff but also among the general public, which 
would help to encourage delivery staff to perform DCC. 

 
“It might also help if we were to make a habit of noting the timing of the 
cord clamping in the partograph.” (Nurse midwife) 
 
“In my experience, without follow up, without supervision and monitoring, 
it is impossible to achieve 100% adaptation” (SBA trainer/supervisor) 
 
“We can do advocacy, it will be effective to do it through television or 
radio, now everyone has Facebook.” (Matron) 
 
“If the mother knows about it through the media, radio, then they might be 
reminded to delay doing it.” (Nurse midwife) 
 

Besides all those constrains and barriers, there are also opportunities to bring 
about change both within the hospitals as well as in the whole country. Will-
ingness to do good among healthcare staff is one such opportunity. This pro-
vides the staff with self-motivation and this would make it easy to bring about 
change. The participants displayed the understanding that they are already 
working for the betterment of mothers’ and children’s health and they feel 
happy to change their practice if it is good for mother and child. Another op-
portunity was the staff’s trust in research and the authority of scientific evi-
dence. 

 
“We conduct delivery with the good health of the mother and baby in mind 
therefore, if delayed cord clamping helps the baby then we will do it for 
the benefits it provides. This is how I get motivated.” (Nurse midwife) 
 
“Everyone accepts good things” (SBA trainer/supervisor) 
 
“We have to accept this for scientific reason” (Nurse in-charge) 
 

However, to bring research findings into implementation, it should be author-
ised by a higher authority, either at government level or hospital level, provid-
ing instructions for the change. The power of hierarchical structures was put 
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forward, not only in relation to protocol development (need to bring uni-
formity), but also as an opportunity to implement change through authority 
and direction. 

 
“It should be the hospital director, then after that the matron and then 
supervisors and then after that the in-charge, and then after the in-charge 
all the duty station staff who should receive information and should tell 
them its advantages.” (Matron) 
 
“It should go through the Ministry, the Nepal Government. The Nepal Gov-
ernment is the valid authority” (Matron) 
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Discussion 

The umbilical cord clamping time may have an important impact on a high 
anaemia prevalence population, as shown by the results in this thesis and pre-
vious studies. Even small benefits for each individual may have greater im-
pacts when multiplied in a larger population. Previous cord clamping studies 
have shown reduced ID at 4 and 6 months of age (14,23,24,74). This trial was 
set out to take a broad approach to the subject especially in a low-income set-
ting with high prevalence of ID and anaemia, and tried to evaluate a wider 
range of proposed effects of delayed versus early cord clamping. 

Anaemia among children under 5 years of age is one of the major public 
health problems affecting low, middle and high income countries where anae-
mia resulting from IDA has adverse effects on cognitive and motor develop-
ment resulting in fatigue and low productivity (8). Iron content in the body 
has a positive effect on cognition and psychomotor outcomes (75). As there is 
a high global IDA prevalence among infants, there is the possibility of IDA 
affecting children’s development not only at an individual development level 
but also in terms of national development (76). ID has a direct effect on the 
development of the brain and an indirect effect on poor long-term behavioural 
and developmental outcome. It also plays a major role in the dopamine system 
and in alteration of social/emotional and neurocognitive functions (9). One of 
the cross-sectional studies in Nepal showed that 52% of children aged 6–35 
months were anaemic, 1 in 3 children had depleted iron storage, and 16% had 
IDA (77). Therefore, a reduction of 10 % would mean an annual reduction of 
60,000 infants with anaemia in Nepal (78). 

DCC at birth increases neonatal mean venous haematocrit by about 30% 
extra blood volume to the newborn which reduces neonatal anaemia (35,79). 

It has the possibility to improve infants’ and children’s health and develop-
ment by increasing neonatal iron storage and reducing anaemia prevalence at 
birth (35). A randomised clinical trial with the intervention of DCC after 180 
seconds compared with clamping before 10 seconds in 338 term infants, (An-
dersson et.al. 2011) found improved iron status, reduced prevalence of ID and 
neonatal anaemia but it did not show difference in an overall neurodevelop-
ment at the age of 4 months (24,36). There was no difference in haemoglobin 
or iron status at 12 months of age, most likely due to the unexpected low prev-
alence of anaemia (11%-15%) and ID (3%-5%) at that age (37). At the age of 
12 months, there was no affect found on neurodevelopment (37) whereas the 



 46 

DCC group showed improved scores in fine motor and social domain at the 
age of 4 years, especially in boys (80). 

In 2017, the Committee Opinion #684 stated that DCC in term infants 
showed an increase in the incidence of jaundice requiring phototherapy. The 
ACOG recommends that obstetric care providers ensure that there is mecha-
nism to monitor and treat neonatal jaundice in place before adopting DCC 
(61). The ACOG recommendation was based on the Cochrane systematic re-
view from 2013 (14). In contrast, a meta-analysis of 15 studies found ECC 
within the first 10 seconds compared with DCC with a minimum of 2 minutes 
had no significant difference in mean serum bilirubin levels within the first 24 
and 72 hours after birth in term babies (22). 

In 2011 in a randomised controlled trial, Andersson et.al. showed similar 
bilirubin concentrations in two groups of ECC (≤ 10 seconds) and DCC (180 
seconds) and no differences in the proportion of infants with hyperbiliru-
binemia (24). Another randomised controlled trial including (n=73) newborn 
infants, showed DCC at 5 minutes compared with immediate cord clamping 
did not increase the incidence of hyperbilirubinemia or symptomatic polycy-
thaemia at up to 48 hours of age (81). In a study of newborn infants with con-
genital heart disease (n=30), DCC 110-130 seconds after birth showed a trend 
towards higher peak serum bilirubin levels compared to ECC <10 seconds 
after birth (82). In a controlled before-and-after study on newborn infants of 
HIV-infected mothers (n=64), delayed cord clamping 2 minutes after birth 
compared with ECC within 30 seconds did not show increased risk of neonatal 
jaundice (83). Similarly, a recent cross-sectional, retrospective study with 398 
participants showed no association with neonatal jaundice or need of photo-
therapy due to delayed clamping in term neonates (84). 

Concurring with these findings, our randomised controlled trial showed no 
significant difference in TcB levels at discharge, nor any difference in risk of 
hyperbilirubinemia at discharge between the groups. At four weeks follow up 
there was no difference in reported jaundice or in infants that were being 
treated for jaundice. At eight months, blood tests showed improved haemo-
globin levels with a significant effect on anaemia, and with a risk reduction of 
11% in the DCC group paired with a 42% risk reduction in ID. Based on this 
result, we had hypothesised that DCC would increase infant iron stores and 
haemoglobin levels up to 12 months of age. However, although anaemia was 
less prevalent and the mean haemoglobin concentration was higher in the 
DCC group, the serum ferritin level was not higher in this group compared 
with the ECC group at 12 months of age. The ASQ test at 12 months of age 
showed significant differences between the groups regarding their total ASQ 
scores and in communication, gross motor, and personal-social domain with 
higher scores in the DCC group after clamping the umbilical cord was delayed 
at least 180 seconds after birth, compared with early clamping within 60 se-
conds after birth. The regression analysis showed that haemoglobin at 12 
months was significantly correlated with the total ASQ score (Table 7). 
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As a consequence of the beneficial results from our randomised control 
trail, we aimed to explore delivery care staff’s perception and attitude towards 
changes in the practice of umbilical cord clamping in order to identify work 
culture barriers and enablers of improved clinical practice and implementation 
of the new guidelines on cord clamping. All the participants had heard about 
DCC but not everyone was aware of its benefits. Since it only requires waiting 
for a few more minutes before clamping the cord, all the participants thought 
DCC was easy to perform and did not need additional skills, efforts, equip-
ment or manpower. However, as ECC is a deeply rooted practice in maternity 
care, changing this practice is much more important than changing the percep-
tions (62). Despite this clear evidence of the benefits, results indicate that de-
livery care staff feel hesitance towards trying to implement DCC. Medical 
conditions and the physical environment sometimes force them to perform 
early clamping and the staff tends to fall back into old routines and habits. 
Lack of authorised protocols and instruction together with lack of coherence 
within the team also prevents the effective implementation of a new practice. 
This is in line with a study from the USA that concluded that despite the fact 
that the evidence demonstrates its beneficial impacts on neonatal outcomes, 
obstetrician’s beliefs about the appropriate timing of cord clamping are not 
constant (63). Participants in this study explained that it was difficult to im-
plement a new practice as they are more comfortable with their regular prac-
tice. They however highlighted that regular practice on new clinical routines 
can facilitate a quicker adoption. One study says that the healthcare providers 
do not change their practice in a single, defined moment of time; it generally 
occurs after following a series of events over a period of time (67). The health 
system leadership needs to relate to this and continuous efforts are required, 
not only one-off directives. Furthermore, in the absence of refresher training 
and the communication of new routines, the staff is forced to rely on informal 
learning, listening to rumours and picking up new evidence from various chan-
nels. The willingness to do good was however put forward as an opportunity 
for change and paired with a high level of trust in research evidence, change 
can be achieved if combined with a top-down approach. In line with this find-
ing, another study stated that obstetricians are hesitant to change routines to 
DCC in clinical setting and expressed the need to produce guidelines to bring 
DCC into obstetric practice (85). Yet another study mentioned the interper-
sonal variation in cord clamping practice and therefore suggested the need for 
clear practice guidelines regarding the optimal time of cord clamping includ-
ing the health benefits of DCC both in term and preterm infants (65). 

Strengths and limitations 
For a randomised controlled trail, Nepal being a low-income country, some of 
the strengths and limitations of the study are linked to both advantages and 
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difficulties associated with the settings. The study was performed during a 
comparably short inclusion time period (approximately 7 weeks), which might 
prevent biases that could occur due to a longer period for example; other 
changes in practice at the hospital, changes in staff and different light condi-
tions during the seasons throughout the year, which might affect, in particular, 
the prevalence of jaundice. The study also compared a relatively late definition 
of ECC (≤60 seconds) with DCC of 180 seconds or more. This may explain 
why there were no significant weight differences between the groups, as op-
posed to a systematic review of term infants which found a 100 g higher 
weight in DCC (14). 

Attrition is a major limitation to our study. We expected a high attrition rate 
of 35% at 8 months due to difficulties in communicating with the families 
included and had powered the study accordingly. The actual attrition rates in-
cluded 140 infants (25.9%) at 8 months and 206 infants (38.1%) at 12 months. 
Though these numbers were close to the expected attrition rate they may nev-
ertheless be associated with bias in the results. To adjust for attrition, results 
are presented after multiple imputation analysis. 

There was a high incidence of protocol deviation occurred in the DCC 
group. When analysis was based on intention to treat, 22.6% of the infants in 
the DCC group underwent clamping before 60 seconds as the nurse midwives 
perceived that ECC against the allocation was required. 

Furthermore, only women with relatively low-risk term 
pregnancies and possibly healthy newborns were included in the study, which 
might impair the generalisability of the study. Nevertheless, the rates of anae-
mia in the study group were comparable with those of earlier reports from 
Nepal (5). 

ASQ is a screening tool designed to find children at risk of neurodevelop-
ment disability and as such may not be optimal for the assessment of neuro-
development in a cohort of healthy infants. The fact that the cohort consisted 
of low-risk pregnancies might also explain the relatively high ASQ scores in 
both groups as compared to populations found in other settings. On the other 
hand, the high mean ASQ scores might reflect a social desirability bias since 
data was collected through interviews rather than forms being filled in by the 
parents themselves. ASQ is not validated in Nepal. However, the randomised 
controlled design can help to diminish this bias if the bias is randomly distrib-
uted. 

Another limitation was that TcB measurements were performed relatively 
soon after birth (median 20 hours), which could make it difficult to identify 
hyperbilirubinemia occurring later in the neonatal period. To overcome this 
limitation, all values of the bilirubin level and time after delivery were fitted 
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to the predictive nomogram provided by Varvarigou et al. (55). Also, TcB 
measurements are not as reliable as measurements from blood samples but are 
considered to be sufficiently accurate for estimating bilirubin concentrations 
in neonates. It is also a cost-effective and fast method which is much more 
suitable in low-income countries like Nepal. We chose to also carry through a 
one month follow up to compensate for the rather early transcutaneous meas-
urement. The one-month follow-up was in congruence with the measurements 
at discharge. this study is congruent 
with other studies on cord clamping that has measured bilirubin. 

Qualitative study (Paper IV) also has some limitations worth mentioning. 
Due to limited time and resources, birth attendants from all the birth centres 
could not be included in the study. There is also always the risk of social de-
sirability bias in this type of study, especially in a hierarchical system like 
Nepal. Actual perceptions and attitudes may therefore vary from self-reported, 
as it is not always certain that reported practices are the de facto practices. To 
minimise this reporting bias, efforts were made to create a safe space for the 
interviews and guarantee anonymity of results. SBA trainer/supervisors and 
other persons of authority were not present during discussions. We undertook 
several measures to ensure the trustworthiness as recommended in qualitative 
research (73). 
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Conclusions 

Based on the findings described in this thesis, the key conclusions are: 
 
1. Umbilical cord clamping 180 seconds after birth compared to clamping 

within 60 seconds reduces anaemia and ID at 8 months of age. It also re-
sults in less anaemia and a higher mean haemoglobin concentration at 12 
months. This may have major positive effects on infants’ health and de-
velopment with minimal investments and without apparent adverse ef-
fects. 

2. Umbilical cord clamping 180 seconds after birth was associated with an 
improvement of the overall neurodevelopment in infants at 12 months of 
age compared to infants whose cord was clamped within 60 seconds.  

3. Timing of umbilical cord clamping was not associated with increased risk 
of hyperbilirubinemia during the first day of life or risk of jaundice within 
4 weeks. 

4. Due to poor coherence within the health system and a lack of national and 
institutional protocols, delivery staff have to rely on their own skills de-
velopment and informal decision making. Staff is therefore hesitant to ap-
ply new routines of delayed cord clamping. 
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Future perspectives 

This thesis has generated answers related to the question of effects of delayed 
cord clamping and possible implementation strategies to establish delayed 
cord clamping in practice. However, new evidence usually generates new 
questions. From our findings, we suggest future research and recommend to 
focus on the following areas listed below. 

 
1. Additional research is needed to evaluate the optimal timing of cord 

clamping, which could be even later than 180 seconds (i.e. in conjunction 
with the delivery of the placenta). 

2. Further research directed at studying development at later ages would give 
in-depth insight into long-term effects of DCC on iron status and neuro-
development. 

3. The Ministry of Health of Nepal needs to develop national protocols and 
provide orientation to all delivery care staff working in maternity care to 
implement DCC into practice in Nepal. 
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Summary in English 

Anaemia is one of the most common and widespread public health problems 
affecting human health as well as social and economic development in both 
developed and developing countries. It is a major health problem in Nepal, 
especially among young children and pregnant women. More than half (53%) 
of children aged 6-59 months are anaemic, with 26% mildly anaemic, 26% 
moderately anaemic, and 1% severely anaemic, and where 9% of infants at 
the age of 2- 6 months and 26% of infants at 7-12 months are suffering from 
iron deficiency anaemia. Iron deficiency anaemia in early infancy and young 
childhood is associated with adverse effects on neurocognitive, motor, socio-
emotional and neurophysiologic development, with impairments in learning, 
memory and myelination, causing potentially long-lasting cognitive and be-
havioural deficits. 

Timing of cord clamping is considered to have effects on placental trans-
fusion rate and neonatal circulation. Neonatal benefits associated with delayed 
cord clamping through increased placental transfusion include better cardio-
pulmonary adaptation and higher haemoglobin concentration, additional iron 
stores and prevention of iron deficiency in early infancy. Despite the published 
benefits of delayed cord clamping to both infant and mother, there is little 
evidence that it is practiced routinely in hospital settings. 

The main study of this dissertation followed 540 children born after an un-
complicated pregnancy of healthy mothers. These children were randomly al-
located to one of two parallel groups (1:1 ratio), either early (≤60 seconds) or 
delayed cord clamping (≥180 seconds). When the study started, the cut-off for 
umbilical cord clamping was 61 seconds, based on an observational study in 
the study hospital. Data on the children were collected from the time of birth 
to one hour after birth and until baby and mother got discharged from hospital. 
A telephone follow-up was conducted at four weeks of age to record health 
status, and sign and treatment of jaundice and haemoglobin and ferritin levels 
were measured at the age of 8 and 12 months respectively. An assessment of 
neurodevelopment using the Ages and Stages Questionnaire (ASQ) was done 
at the age of 12 months. 

To complement the clinical trial described above we performed a qualita-
tive study to explore delivery care staff’s perceptions and attitudes towards 
changes in practice of umbilical cord clamping. The objective was to identify 
work culture barriers and enablers for improved clincal practice and 
implementation of the new guidelines on cord clamping. Focus group 
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discussions and key informant interviews were conducted and data was 
analysed through qualitative content analysis. 

The results of the study have been presented in four scientific papers. Paper 
I showed that delayed cord clamping (DCC) reduces anaemia at 8 and 12 
months of age in this high-risk population, which may have major positive 
effects on infants’ health and development. Paper II revealed that DCC was 
associated with an improvement in the overall neurodevelopment at 12 months 
of age as compared to infants in the early cord clamping (ECC) group. Paper 
III verified that DCC was not associated with an increased risk of hyperbili-
rubinemia during the first day of life or risk of jaundice within four weeks 
compared to the ECC group. Paper IV demonstrated how a positive attitude 
towards DCC and a will to rely on research evidence when striving to do good 
are facilitators of change in clinical practice. However, the participants in the 
study were hesitant to apply DCC due to lack of national or institutional pro-
tocols and formal training. On account of this they were forced to take infor-
mal decisions and rely on alternative sources of information. 

In conclusion, the studies have shown that delaying cord clamping for 180 
seconds is a safe method to use in normal delivery and is associated with a 
significantly reduced risk of anaemia at 8 and 12 months, which may have 
neurodevelopmental effects at a later age. In order to change cord clamping 
practice and to comply with evidence and policies, health-care staff need to be 
better supported by the governance structures of the health system, with clear 
and approved guidelines made available and coherent training and support. 
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Sammanfattning på svenska 

Anemi, vilket i folkmun kallas blodbrist, är ett av de vanligaste och mest om-
fattande folkhälsoproblemen i världen. I alla länder oavsett ekonomisk status 
eller utvecklingsnivå är detta något som påverkar både människors hälsa såväl 
som den sociala och ekonomiska utvecklingen. I Nepal är anemi ett stort häl-
soproblem, särskilt bland små barn och gravida kvinnor. Mer än hälften (53%) 
av barn i åldern 6–59 månader är anemiska, med 26% lätt anemiska, 26% 
måttligt anemiska och 1% svårt anemiska. Bland barn i 2–6 månaders ålder 
lider 9% av järnbristanemi och vid 7–12 månader är motsvarande siffra 26%. 
Järnbristanemi under spädbarnstiden är förknippat med negativa effekter på 
neurokognitiv, motorisk, socio-emotionell och neurofysiologisk utveckling, 
med nedsatt inlärning, minne och myelinering som följd, vilket kan leda till 
långvariga kognitiva och beteendemässiga effekter. 

Tidpunkten då navelsträngen kläms av, s.k. avnavling, på det nyfödda bar-
net anses ha effekter på blodtransfusionen från placenta till barn och därmed 
också inverka på den neonatala cirkulationen. Fördelar som är förknippade 
med ökad transfusion från placenta genom fördröjd avnavling inkluderar 
bättre anpassning av hjärt-lungcirkulationen och högre haemoglobinkoncent-
rationer genom ytterligare järnförråd och förebyggande av järnbrist i tidig 
spädbarnsålder. Trots att det finns god evidens för att sen avnavling är fördel-
aktigt för både barn och mamma praktiseras det sällan rutinmässigt. 

Huvudstudien som redovisas i denna avhandling har följt 540 barn födda 
efter en okomplicerad graviditet hos friska mödrar. Dessa barn allokerades 
slumpmässigt till en av två parallella grupper (1: 1 förhållande), antingen tidig 
(≤60 sekunder) eller sen avnavling (≥180 sekunder). När studien påbörjades 
var tiden till avnavling i medeltal 61 sekunder baserat på en observationsstudie 
genomförd på det aktuella sjukhuset. Data samlades från förlossning till dess 
att mamma och barn blev utskrivna från sjukhus. En telefonuppföljning ge-
nomfördes vid fyra veckors ålder och haemoglobin och ferritin mättes då bar-
nen var 8 respektive 12 månader gamla. En skattning av barnens neurologiska 
utveckling gjordes vid 12 månaders ålder med hjälp av Ages and Stages 
Questionnaire (ASQ). 

Som komplement till den kliniska studien beskriven ovan utfördes en kva-
litativ studie för att undersöka förlossningspersonalens uppfattning och in-
ställning till förändringar i praktiken runt avnavling. Syftet var att identifiera 
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vad som hindrar respektive underlättar införandet av nya riktlinjerna för av-
navling i den kliniska vardagen. Fokusgrupper och nyckelpersoner intervjua-
des och data analyserades med kvalitativ innehållsanalys. 

Resultat från studierna har presenterats i fyra vetenskapliga artiklar. Artikel 
I visade att sen avnavling minskar anemi vid 8 och 12 månader i denna hög-
riskpopulation, vilket kan ha stora positiva effekter på barns hälsa och utveckl-
ing. Artikel II visade att sen avnavling är associerad med en förbättring av den 
totala neurologiska utvecklingen vid 12 månaders ålder jämfört med spädbarn 
som hade avnavlats tidigt. Artikel III verifierade att sen avnavling inte var 
associerat med ökad risk för hyperbilirubinemi under de första dagarna av li-
vet eller risken för gulsot inom fyra veckor jämfört med hos gruppen barn som 
avnavlats tidigt. Artikel IV avslöjade att vårdpersonalen har en positiv inställ-
ning till sen avnavling och att det finns en vilja att förlita sig på evidens ef-
tersom man strävar efter att göra det bästa för barnet och mamman. Detta var 
faktorer som underlättade förändringar i klinisk praxis. Deltagarna i studien 
var dock tveksamma till att tillämpa sen avnavling på grund av brist på nat-
ionella eller institutionella protokoll och formella utbildningar. På grund av 
denna brist tvingades de ta informella beslut och förlita sig på alternativa in-
formationskällor. 

Sammanfattningsvis har studierna visat att det är säkert och fördelaktigt att 
vänta i 180 sekunder eller mer med att avnavla barnet vid en normal förloss-
ning. Studierna visar också att det är förknippat med en signifikant minskad 
risk för anemi vid 8 och 12 månader och bättre neurologisk utveckling över 
lag. För att kunna förändra avnavlingsrutinerna så att de blir mer evidensba-
serade måste förlossningspersonalen få bättre stöd, med tydliga och godkända 
riktlinjer som görs tillgänglig samt ges möjlighet till samstämmig utbildning. 
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;f/f+z 

/QmcNktf Ps ;fdfGo / Jofks?kdf km}lnPsf] hg:jf:Yo ;d:of xf] h;n] b'a} 
ljsl;t / ljsf;f]Gd'v /fi6«x?df dflg;sf] :jf:Yosf ;fy} ;fdflhs / cfly{s 
ljsf;df c;/ kfl//x]sf] 5 . g]kfndf ljz]ifu/L ;fgf] pd]/sf afnaflnsfx? tyf 
ue{jtL dlxnfx?df of] Ps k|d'v :jf:Yo ;d:of xf] . cfwf eGbf w]/} -%#Ü_, ^–
%( dlxgf pd]/sf afnaflnsfx?df /QmcNktf 5 h;dWo] @^Ü df xNsf 
/QmcNktf, @^Ü df dWod /QmcNktf / !Ü df s8f /QmcNktf 5 Ù hxfF ( 
k|ltzt @–^ dlxgf / @^ k|ltzt &–!@ dlxgfsf lzz'x? cfO/gsf] sldaf6 x'g] 
/QmcNktfaf6 u|l;t 5g\ . k|f/lDes lzz' cj:yf / ;'?jftL afNoj:yfdf 
cfO/gsf] sldaf6 x'g] /QmcNktfn] kfg]{ k|lts"n c;/x? dWo] Go"/f];+1fgfTds 
(neurocognitive), df]6/ (motor), ;fdflhs–efjgfTds (socio-emotional) tyf 
Go"/f]dgf]j}1flgs (neurophysiologic) ljsf;;Fu ;DalGwt, ;fy} 1fgdf Iflt (im-
pairment), :d[lt (memory),, dfOlng];g (myelination), nfdf] cjlwsf] 
;+1fgfTds / Jojxf/df sdL 5g\ . 

gfeL RofKg] jf afFWg] (delayed cord clamping) tflnsfn] ;fnaf6 /Qm;+rf/ 
x'g] b/ / To;n] gjlzz'sf] /Qm;+rf/df ;sf/fTds c;/ kf5{ eGg] a'lemG5 . gfeL 
RofKg jf afFWgnfO{ l9nfO{ u/L ;fnaf6 /Qm;+rf/df j[l4;Fu ;DalGwt gjlzz'sf] 
kmfObfx?df d'6' / kmf]S;f]] (cardiopulmonary) sf] /fd|f] tfnd]n / x]df]Unf]lagsf] 
pRr s]lGb«s/0f (concentration), cltl/Qm cfO/g ;+lrtL / ;'?jftL lzz' 
cj:yfdf cfO/g sdLsf] /f]syfd /x]sf 5g\ . gfeL RofKg jf afFWg l9nfO{af6 
d'VotM b'a} lzz' / cfdfnfO{ x'g] kmfObfx? k|sfzgdf cfPtfklg c:ktfnx?df 
lgoldt ?kdf o;sf] k|of]usf] k|df0f lgs} sd 5 . 

o; cg';GwgfTds cWoogn] %$) afnaflnsfx?, Hff] :j:y dlxnfx?sf] hl6n 
gePsf] k|;"lt kZrft\ l56f] gfeL RofKg] jf afFWg] (early cord clamping) jf l9nf] 
gfeL RofKg] jf afFWg] (delayed cord clamping) eg]/ 5'6\ofOPsf] lyof], lt 
;d"xx?nfO{ cWoog u/]sf] 5 . kl/If0f of]hgf cGtu{t l9nf] gfeL RofKg] jf afFWg] 
-≥!*) ;]s]08_ / l56f] gfeL RofKg] jf afFWg] -≤^) ;]s]08_ u/L b'O{ ;dfgfGt/ 
;d"x -!M! cg'kftdf cfwfl/t_ df ljefhg ul/Psf] lyof] . ha cWoog ;'? eof], 
xfn cWoog rln/x]sf] c:ktfndf ePsf] Pp6f cjnf]sg cWoogdf cfwfl/t 
eP/ gfeL RofKg] jf afFWg] ;do ^! ;]s]08 lgwf{/0f ul/Psf] lyof] . aRrfx?sf] 
tYofÍ ;+sng aRrf hGd]sf] ;do b]lv aRrf hGd]sf] ! 306f ;Dd / aRrf / 
cfdf c:ktfnaf6 l8:rfh{ geP ;Dd ul/Psf] lyof] . To;sf] $ xKtfdf 6]lnkmf]g 
;Dks{ dfkm{t\ s'/fsfgL ul/Psf] lyof] / x]df]Unf]lag / km]l/l6gsf] hfFrx? qmdzM 
* / !@ dlxgfdf ul/Psf] lyof] . Go"/f] ljsf; (neurodevelopment) sf] d"NofÍg 
Ages and Stages Questionnaire (ASQ) sf] k|of]u u/L !@ dlxgfdf ul/Psf] lyof] 
.  
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xfd|f] kl/If0faf6 cfPsf] kmfObfhgs kl/0ffdx?sf] dfWoaf6 xfdL k|;"ltdf sfd 
ug]{ :jf:YosdL{x?sf] gfeL RofKg] jf afFWg] tl/sfdf kl/jt{g Nofpg wf/0ff / 
b[li6sf]0f 5fglag ug{ rfxGYof}+ tf ls xfdLn] sfo{If]q;Fu ;DalGwt afwfx? tyf 
;xof]uLx? klxrfg u/L lSnlgsn cEof;df ;'wf/ ug{ ;sf}+ / gfeL RofKg jf 
afFWgnfO{ gofF lgb]{lzsf nfu' ug{ ;sf}+ . 

o; cWoogsf kl/0ffdx? rf/j6f n]vx? Dffkm{t k|:t't ul/Psf 5g\ . klxnf] 
n]vn] l9nf] gfeL RofKg] jf afFWg] ugf{n] * / !@ dlxgfsf] pd]/, h'g rflx+ pRr 
hf]lvd hg;+Vof xf], ltgLx?df /QmcNktf 36fpF5 h;n] ubf{ lzz'sf] :jf:Yo / 
ljsf;df k|d'v ?kdf ;sf/fTds c;/ x'g;S5 eg]/ b]vfPsf] 5 . l56f] gfeL 
RofKg] jf afFWg] ;d"x eGbf l9nf] gfeL RofKg] jf afFWg];Fu !@ dlxgfdf x'g] ;Dk'0f{ 
Go"/f] ljsf; ;'wf/ ;DalGwt lyof] eg]/ bf];|f] n]vn] b]vfPsf] 5 . l9nf] gfeL RofKg] 
jf afFWg] ugf{n] aRrf hGd]sf] ;'?sf] s]xL lbgx?df /utdf laln?lagsf] dfqf w]/} 
(hyperbilirubinemia) u/fpg] hf]lvd x'G5 jf hGd]sf] klxnf] $ xKtfdf hl08; 
x'g] hf]lvd x'G5 eGg] s'/fnfO{ t];|f] n]vn] unt k'li6 ul/lbPsf] 5 . lSnlgsn 
cEof;df l9nf] gfeL RofKg] jf afFWg] k|lqmof k|lt ;sf/fTds wf/0ff / /fd|f] ug{sf 
nflu cg';Gwfgdf cfwfl/t k|df0fdf e/f];fn] s;/L kl/jt{gsf nflu ;xhLs/0f 
ug{ ;S5g\ eg]/ rf}yf] n]vn] bzf{Psf] 5 . tyflk, cWoogdf efu lnPsf ;xe-
fuLx? /fli6«o jf ;+:yfut k|f]6f]sn / cf}krfl/s tfnLdx?sf] cefjdf l9nf] gfeL 
RofKg jf afFWg lxlRsrfpg'x'GYof] . o;n] ubf{ jxfFx? cgf}krfl/s lg0f{ox? lng 
afWo x'g'x'GYof] / j}slNks ;'rgfsf ;|f]tx?df lge{/ x'g'x'GYof] . 

lgisif{df, !*) ;]s]08;Dd ;fdfGo k|;"ltdf, gfeL RofKg jf afFWg l9nf ug'{ 
Pp6f ;'/lIft tl/sf xf] / o;n] * / !@ dlxgfdf /QmcNktf sf] hf]lvd dxTjk"0f{ 
?kdf 36fpg d2t u5{, / h;sf] kl5Nnf] pd]/df Go"/f] ljsf;df c;/ x'g;S5 . 
k|df0f / gLltdf cfwfl/t gfeL RofKg] jf afFWg] tl/sfdf kl/jt{g Nofpg 
:jf:YosdL{x?nfO{ :jf:Yo k|0ffnL cGtu{tdf k|zf;lgs ;+/rgfx?af6 ;xfotf 
cfjZos x'G5 ;fy} k|i6 / :jLs[t lgb]{lzsfx? / plrt tfnLd / ;xof]u pknAw 
u/fOg'k5{ . 



 58 

Acknowledgements 

My sincere gratitude goes to Mats Målqvist, my main supervisor, for your 
brilliant mind, infinite patience, warm and empathetic personality. You have 
always been available, delicately challenging and providing the guidance 
throughout my educational journey, especially during the qualitative study, 
and when preparing my halftime and final thesis. I am indebted to you for 
giving me this educational opportunity and all the support you have provided. 

My sincere gratitude also goes to Ola Andersson, my co-supervisor, for 
trusting my work and encouraging me to continue work with him. Thank you 
for all the financial and technical arrangement you have made for the projects 
and my PhD education. You have been a great mentor and I highly appreciate 
your encouragement and all-round support during the PhD work. Your 
thoughtful discussions, enthusiastic feedback, genuine guidance and easy 
friendships have been invaluable. I am very proud to go through this exciting 
journey of life with you. 

I would also like to thank Ashish KC, my co-supervisor, for accepting me 
to work with him in my Master’s internship, trusting my work and offering 
me to work with him further. Working with you gave me the opportunity to 
see the value of research at a higher level, as well as its importance, especially 
in developing countries like Nepal. You have been kind and supporting; your 
enthusiasm, curiosity and quick thinking have been a priceless part of this 
study. 

I am proud to call each of you a mentor and a friend, and I am proud for 
what you have made me achieve during my doctoral study period. I truly value 
your dedication, patience and hard work. I owe you many thanks for making 
my PhD a pleasant and successful journey. 

My respect goes to the all the participating children and, in particular, their 
parents for daring to let their newborns be included in the study, and for so 
loyally returning back for the follow-ups. I would like to thank all nurse-mid-
wives, delivery room in-charges and SBA supervisors for trusting me and 
providing their personal views and perspectives in FDGs and KIIs. 

I am very grateful to the Paropakar Maternity and Women ́s Hospital 
(PMWH) for providing a study site and support to the research team. I would 
like to thank former and current hospital directors, Professor Pushpa 
Chaudhary and Professor Jageshwar Gautam. I would also like to thank Ma-
trons Maiya Manadhar and Asha Prajapati for their support when setting up 



 59 

the project and cooperating during the whole process. Thanks to all the hospi-
tal staff, especially those from the admission unit, labour unit, birthing centre, 
postnatal ward and neonatal unit, as well as the administrative staff, medical 
doctors, nurses, students and supervisors for their cooperation and great con-
tributions to complete our work. I would like to thank Dr. Kalpana Subedi, Dr. 
Kamal Raj Sharma and all the doctors from the neonatal unit for providing 
their support and care to the infants during 8 and 12 months follow up. 

I also would like to thank Tribhuvan University Teaching Hospital (TUTH) 
and its institutional review board for giving permission to conduct the quali-
tative study. Special thanks to hospital director Professor Dr Deepak Prakash 
Mahara and Head of Obstetrics and Gynaecology Department, Professor Dr 
Bekha Laxmi Manandhar, for accepting the proposal and their kind coopera-
tion. Special thanks to Nursing supervisors, senior sister Sangita from TUTH, 
senior sister Sumitra and Campus Chief at Paropakar Nursing Campus, Nani 
Maya from PMWH, and also maternity ward in-charge of both hospitals for 
their kind support, cooperation and coordination with the nurse-midwives and 
supervisors for the interviews which made it easy for me to conduct the study. 

I would like to thank Ravi Vitrakoti for being one of my best colleagues. 
For his overall coordination in the hospital to bring the project into action as 
well as providing managerial supervision for the project implementation dur-
ing the randomised controlled trial. I would also like to thank Cecilia, Majvi, 
Birgitta, Linda and Gunilla for providing supervision in implementing the trial 
to ensure quality of the data and to avoid data loss, and also for being my very 
best friends. I am so thankful to my friend/co-author Olivia Brunell for work-
ing with me on the qualitative study. Would like to thank Anna Axelin for 
helping me out on qualitative data analysis and Doris Kwesiga for guiding me 
to better understand qualitative methods. 

I would also like to thank co-worker/friends: Omkar Basnet, Shahanshila 
Maharjan and Sabu Thapa Basnet for providing all the help, suggestions and 
support while working together. Special thanks to Lab assistant Sunmaya Pra-
japati and all surveillance officers: Susheela, Anisha, Rashi, Ganga, Manisha, 
Pramila, Rabina, Roshani, Sheela, Pratima, Bhakti and Bhawani for their sin-
cere work to complete this project successfully. I would like to thank Dipak 
Chaulagain and Abhisekh Gurung for helping me out in Nepali translation of 
the interview guide, consent form and summary of kappa. 

My sincere gratitude goes to the staff and faculty members at Uppsala Uni-
versity, International Maternal and Child Health, Department of Women’s and 
Children’s Health. Special thanks to Karin Törnblom (you were there when I 
needed administrative support and financial clearance), Hanna Taylor (you 
always supported me in arranging numerous flights to and from Uppsala with 
smooth travel plans, Schengen visa applications, insurance, PhD annual re-
ports and other administrative procedures which was not even in your job de-
scription), Kristine Nonnemark Eklund (you made my life easier in the IT 
world), Malin Ghanem, Martin Selinus, Agata Kostrzewa, Kerstin Ståhlberg 



 60 

for helping me with support needed in terms of financial issues. I am grateful 
to all of you for your support and kindness during my stays in Uppsala. 

PhD fellows (past and present) at IMCH: Sibone, Hanna B, Freddy, Duc, 
Maissa, Gbemi, Abubakr, Bronwen, Henrik, Jenny, Agnes, Ali, Amare, 
Pernilla, Luce and Paridhi. It was a pleasure sharing with you my experiences 
of academics, life and social perspectives. Each of you inspired me in different 
ways to be positive and to do better. Thank you, I’m truly glad to have met 
you all! 

Post-doctoral students and researchers at IMCH: Johan Wrammert, Anna 
Bergström, Shirin Ziaei. Thank you for your insights and encouragement dur-
ing my doctoral studies. 

Special thanks to my half-time seminar committee; Elisabeth Faxelid, To-
bias Alfvén and Syed Moshfiqur Rahman for the critical review and construc-
tive comments which helped me to improve my doctoral work. 

I am very grateful to Sheila Macdonald-Rannström and Sibylle Herzig van 
Wees for providing fast and reliable English proof reading for my manuscripts 
and thesis cover story. Many thanks to Vinayak Kudari who helped me to 
prepare cover page illustration. 

My special thanks to Annika Nordén and Bengt Hägg for your uncondi-
tional love and care for me. You both never been tired of me and always wel-
comed me to live with you in your house every time I came to Uppsala for my 
PhD work. You have been my guardians and friends and never let me miss 
my home; you are my family in Sweden. 

I am very greatful to my brother-in-law Bhuwan Mitra Rana, sister-in-laws 
Kopila Rana and Meena Thapa and all the family members for being my back 
support to balance my academic work and family life. 

My mum, Bishnu Bista for being everything a mother could be and all your 
love, appreciation and constant encouragement during hard work. You raised 
me with great love even in your struggling life to make me independent, and 
supported every step of my life which made it easier for me to reach the posi-
tion where I am at present. 

My beloved son, Neil: you are my dearest gift in life. I cherish each and 
every moment I spend with you and I have missed you a lot when I have been 
away. I appreciate your love and care for me and patience to live without me 
whenever I am away from you. 

Finally, to my husband, Laxman, for taking care of Neil and our home 
while I have been away. Your resilience during periods when I was away from 
home. Your love and understanding made a whole lot of difference to my 
journey. You always gave me the strength to trust in myself and inspire me to 
live and work more. 

 



 61 

Reference 

1.  McLean E, Cogswell M, Egli I, Wojdyla D, de Benoist B. Worldwide 
prevalence of anaemia, WHO vitamin and mineral nutrition information 
system, 1993-2005. Public Health Nutr. 2009 Apr 23;12(4):444–54. 

2.  de Benoist B, McLean E, Egli I, Cogswell M. Worldwide prevalence of 
anaemia 1993–2005. WHO Global Database on Anemia. 2008 Mar. 

3.  Ministry of Health, Division P, Health M, Era N, International ICF. Nepal 
Demographic and Health Survey. Demographic and Health Survey. 2011. 

4.  USAID, Ministry of Health, Era N. Nepal Demographic and Health Survey. 
Ministry of Health, Nepal. Berlin/Heidelberg: Springer-Verlag; 2016 Mar. 

5.  Chandyo RK, Henjum S, Ulak M, Thorne-Lyman AL, Ulvik RJ, Shrestha 
PS, et al. The prevalence of anemia and iron deficiency is more common in 
breastfed infants than their mothers in Bhaktapur, Nepal. Eur J Clin Nutr. 
Nature Publishing Group; 2016 Apr 2;70(4):456–62. 

6.  Bersamin A, Hathaway C, Zidenberg-cherr S. Why is iron important? 2004. 
7.  Domellöf M. Iron requirements in infancy. Ann Nutr Metab. 2011 

Mar;59(1):59–63. 
8.  Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, 

Branca F, et al. Global, regional, and national trends in haemoglobin 
concentration and prevalence of total and severe anaemia in children and 
pregnant and non-pregnant women for 1995-2011: a systematic analysis of 
population-representative data. Lancet Glob Heal. 2013 Jul;1(1):e16-25. 

9.  Lozoff B, Beard J, Connor J, Barbara F, Georgieff M, Schallert T. Long-
lasting neural and behavioral effects of iron deficiency in infancy. Nutr Rev. 
2006 May;64(5 Pt 2):S34-43; discussion S72-91. 

10.  Radlowski EC, Johnson RW. Perinatal iron deficiency and neurocognitive 
development. Front Hum Neurosci. 2013 Sep 23;7(September):585. 

11.  Bhutta ZA, Ahmed T, Black RE, Cousens S, Dewey K, Giugliani E, et al. 
What works? Interventions for maternal and child undernutrition and 
survival. Lancet (London, England). Elsevier; 2008 Feb 2;371(9610):417–
40. 

12.  van Rheenen PF, Brabin BJ. A practical approach to timing cord clamping 
in resource poor settings. BMJ. 2006 Nov 4;333(7575):954–8. 

13.  Rabe H, Diaz-Rossello JL, Duley L, Dowswell T. Effect of timing of 
umbilical cord clamping and other strategies to influence placental 
transfusion at preterm birth on maternal and infant outcomes. Rabe H, 
editor. Cochrane database Syst Rev. 2012 Aug 15;8(8):CD003248. 

14.  McDonald SJ, Middleton P, Dowswell T, Morris PS. Effect of timing of 
umbilical cord clamping of term infants on maternal and neonatal outcomes. 
Cochrane Database Syst Rev. 2013 Jul 11; 



 62 

15.  Mercer JS, Erickson-Owens DA. Rethinking placental transfusion and cord 
clamping issues. J Perinat Neonatal Nurs. 2012;26(3):202-17; quiz 218-9. 

16.  Mercer JS, Skovgaard RL. Neonatal transitional physiology: a new 
paradigm. J Perinat Neonatal Nurs. 2002 Mar;15(4):56–75. 

17.  Argyridis S. Delayed cord clamping. Obstet Gynaecol Reprod Med. 2017 
Nov 8;27(11):352–3. 

18.  Farrar D, Airey R, Law GR, Tuffnell D, Cattle B, Duley L. Measuring 
placental transfusion for term births: weighing babies with cord intact. 
BJOG. 2011 Jan;118(1):70–5. 

19.  Yao AC, Lind J. Effect of gravity on placental transfusion. Lancet. 1969 Sep 
6;2(7619):505–8. 

20.  Hooper SB, Binder-Heschl C, Polglase GR, Gill AW, Kluckow M, Wallace 
EM, et al. The timing of umbilical cord clamping at birth: physiological 
considerations. Matern Heal Neonatol Perinatol. 2016 Dec 13;2(1):4. 

21.  Bhatt S, Alison BJ, Wallace EM, Crossley KJ, Gill AW, Kluckow M, et al. 
Delaying cord clamping until ventilation onset improves cardiovascular 
function at birth in preterm lambs. J Physiol. 2013 Apr 15;591(8):2113–26. 

22.  Hutton EK, Hassan ES. Late vs early clamping of the umbilical cord in full-
term neonates: systematic review and meta-analysis of controlled trials. 
JAMA. 2007 Mar 21;297(11):1241–52. 

23.  Chaparro CM, Neufeld LM, Tena Alavez G, Eguia-Líz Cedillo R, Dewey 
KG. Effect of timing of umbilical cord clamping on iron status in Mexican 
infants: a randomised controlled trial. Lancet. 2006 Jun 17;367(9527):1997–
2004. 

24.  Andersson O, Hellström-Westas L, Andersson D, Domellöf M. Effect of 
delayed versus early umbilical cord clamping on neonatal outcomes and iron 
status at 4 months: a randomised controlled trial. BMJ. 2011 Nov 
15;343(nov15 1):d7157.  

25.  Andersson OL a. Effects of delayed versus early cord clamping on healthy 
term infants. Acta Univ Ups. 2013. 11-9 p. 

26.  Duley L, Batey N. Optimal timing of umbilical cord clamping for term and 
preterm babies. Early Hum Dev. Elsevier Ltd; 2013 Nov;89(11):905–8. 

27.  WHO guideline. Delayed umbilical cord clamping for improved maternal 
and infant health and nutrition outcomes. Geneva: World Health 
Organization. World Health Organization; 2014. 

28.  Gyorkos TW, Maheu-Giroux M, Blouin B, Creed-Kanashiro H, Casapia M, 
Aguilar E, et al. A hospital policy change toward delayed cord clamping is 
effective in improving hemoglobin levels and anemia status of 8-month-old 
Peruvian Infants. J Trop Pediatr. 2012 Dec 1;58(6):435–40. 

29.  Popp KK, Popp KK. To clamp or to delay the clamp : implement best 
practice. 2012. 

30.  Yao AC, Lind J. Effect of gravity on placental transfusion. Lancet. 1969 Sep 
6;2(7619):505–8. 

31.  Prendiville WJ, Harding JE, Elbourne DR, Stirrat GM. The Bristol third 
stage trial: active versus physiological management of third stage of labour. 
BMJ. 1988 Nov 19;297(6659):1295–300. 

32.  Armstrong L, Stenson BJ. Use of umbilical cord blood gas analysis in the 



 63 

assessment of the newborn. Arch Dis Child - Fetal Neonatal Ed. 2007 Nov 
1;92(6):F430–4. 

33.  Sanberg PR, Divers R, Mehindru A, Mehindru A, Borlongan C V. Delayed 
umbilical cord blood clamping: first line of defense against neonatal and 
age-related disorders. Wulfenia. 2014 Jun 1;21(6):243–9. 

34.  Mcdonald S, Middleton P, Dowswell T. Effect of timing of umbilical cord 
clamping of term infants on maternal and neonatal outcomes. Evidence-
Based Child Heal. 2014; 9;2: 303–397. 

35.  Ceriani Cernadas JM, Carroli G, Pellegrini L, Otaño L, Ferreira M, Ricci C, 
et al. The effect of timing of cord clamping on neonatal venous hematocrit 
values and clinical outcome at term: a randomized, controlled trial. 
Pediatrics. 2006 Apr 1;117(4):e779-86. 

36.  Andersson O, Domellöf M, Andersson D, Hellström-Westas L. Effects of 
delayed cord clamping on neurodevelopment and infection at four months of 
age: a randomised trial. Acta Paediatr. 2013 May;102(5):525–31. 

37.  Andersson O, Domellöf M, Andersson D, Hellström-Westas L. Effect of 
delayed vs early umbilical cord clamping on iron status and 
neurodevelopment at age 12 months. JAMA Pediatr. 2014 Jun 1;168(6):547. 

38.  Thomas DG, Grant SL, Aubuchon-Endsley NL. The role of iron in 
neurocognitive development. Dev Neuropsychol. 2009 Mar 2;34(2):196–
222. 

39.  Sachdev H, Gera T, Nestel P. Effect of iron supplementation on mental and 
motor development in children: systematic review of randomised controlled 
trials. Public Health Nutr. 2005 Apr 2;8(02). 

40.  Szajewska H, Ruszczynski M, Chmielewska A. Effects of iron 
supplementation in nonanemic pregnant women, infants, and young children 
on the mental performance and psychomotor development of children: a 
systematic review of randomized controlled trials. Am J Clin Nutr. 2010 Jun 
1;91(6):1684–90. 

41.  Berglund SK, Westrup B, Hagglof B, Hernell O, Domellof M. Effects of 
iron supplementation of LBW infants on cognition and behavior at 3 years. 
Pediatrics. 2013 Jan 1;131(1):47–55. 

42.  Berglund SK, Chmielewska A, Starnberg J, Westrup B, Hägglöf B, Norman 
M, et al. Effects of iron supplementation of low-birth-weight infants on 
cognition and behavior at 7 years: a randomized controlled trial. Pediatr Res. 
Nature Publishing Group; 2018 Jan 25;83(1–1):111–8. 

43.  Beard J. Recent evidence from human and animal studies regarding iron 
status and infant development. J Nutr. 2007 Feb 1;137(2):524S–530S. 

44.  Lutter CK. Iron deficiency in young children in low-income countries and 
new approaches for its prevention. J Nutr. 2008 Dec 1;138(12):2523–8. 

45.  Domellöf M, Braegger C, Campoy C, Colomb V, Decsi T, Fewtrell M, et al. 
ron requirements of infants and toddlers. J Pediatr Gastroenterol Nutr. 2014 
Jan;58(1):119–29. 

46.  Lozoff B. Early iron deficiency has brain and behavior effects consistent 
with dopaminergic dysfunction. J Nutr. 2011 Apr 1;141(4):740S–746S. 

47.  Lozoff B, Georgieff MK. Iron deficiency and brain development. Semin 
Pediatr Neurol. 2006 Sep;13(3):158–65. 



 64 

48.  Harris RJ. Iron deficiency anaemia: does it really matter? Paediatr Child 
Health (Oxford). 2007 Apr;17(4):143–6. 

49.  Batra J, Sood A. Iron deficiency anemia : effect on cognitive development 
children: A Review. Indian J Clin Biochem. 2005 Jul;20(2):119–25. 

50.  Gunnarsson BS, Thorsdottir I, Palsson G, Gretarsson SJ. Iron status at 1 and 
6 years versus developmental scores at 6 years in a well-nourished affluent 
population. Acta Paediatr. 2007 Mar;96(3):391–5. 

51.  Chaparro CM. Timing of umbilical cord clamping: effect on iron 
endowment of the newborn and later iron status. Nutr Rev. 2011 
Nov;69(SUPPL. 1):S30–6. 

52.  Watson RL. Hyperbilirubinemia. Crit Care Nurs Clin North Am. 2009 
Mar;21(1):97–120. 

53.  Setia S, Villaveces A, Dhillon P, Mueller BA. Neonatal jaundice in Asian, 
white, and mixed-race infants. Arch Pediatr Adolesc Med. 2002 Mar 
1;156(3):276–9. 

54.  Management of hyperbilirubinemia in the newborn infant 35 or more weeks 
of gestation. Pediatrics. 2004 Jul 1;114(1):297–316. 

55.  Varvarigou A, Fouzas S, Skylogianni E, Mantagou L, Bougioukou D, 
Mantagos S. Transcutaneous bilirubin nomogram for prediction of 
significant neonatal hyperbilirubinemia. Pediatrics. 2009;124(4):1052–9. 

56.  Engle WD, Jackson GL, Engle NG. Transcutaneous bilirubinometry. Semin 
Perinatol. Elsevier; 2014 Nov;38(7):438–51. 

57.  Winter C, Macfarlane A, Deneux-Tharaux C, Zhang W-H, Alexander S, 
Brocklehurst P, et al. Variations in policies for management of the third 
stage of labour and the immediate management of postpartum haemorrhage 
in Europe. BJOG An Int J Obstet Gynaecol. 2007 Jul;114(7):845–54. 

58.  Festin MR, Lumbiganon P, Tolosa JE, Finney KA, Ba-Thike K, Chipato T, 
et al. International survey on variations in practice of the management of the 
third stage of labour. Bulletin of World Health Organisation. 
2003;81(4):286–91. 

59.  Lalonde A, Daviss BA, Acosta A, Herschderfer K. Postpartum hemorrhage 
today: ICM/FIGO initiative 2004-2006. Int J Gynecol Obstet. 2006 
Sep;94(3):243–53. 

60.  Leduc D, Senikas V, Lalonde AB. No. 235-Active management of the third 
stage of labour: prevention and treatment of postpartum hemorrhage. J 
Obstet Gynaecol Canada. 2018 Dec;40(12):e841–55. 

61.  Delayed umbilical cord clamping after birth. Committee Opinion No. 684. 
American College of Obstetricians and Gynecologists. Obstet 
Gynecol. 2017 Jan;129(1):e5–10. 

62.  Leslie MS. Perspectives on implementing delayed cord clamping. Nurs 
Womens Health. 2015 Apr;19(2):164–76. 

63.  Jelin AC, Kuppermann M, Erickson K, Clyman R, Schulkin J. Obstetricians’ 
attitudes and beliefs regarding umbilical cord clamping. J Matern Neonatal 
Med. 2014 Sep 12;27(14):1457–61. 

64.  Madhavanprabhakaran GK, Wittmann AL, Aldughaishi T, Thomas DS. 
Knowledge and practice of umbilical cord clamping among maternity care 
providers. Midwifery Reprod Heal. 2017;3(Md):1–8. 



 65 

65.  Stoll K, Hutton E. A survey of umbilical cord clamping practices and 
attitudes of Canadian maternity care providers. Can J Midwifery Res Pract. 
2012;3:18. 

66.  Liu LY, Feinglass JM, Khan JY, Gerber SE, Grobman WA, Yee LM. 
Evaluation of introduction of a delayed cord clamping protocol for 
premature neonates in a high-volume maternity center. Obstet Gynecol. 
2017 May;129(5):835–43. 

67.  Leslie MS, Erickson-Owens D, Cseh M. The evolution of individual 
maternity care providers to delayed cord clamping: Is it the evidence? J 
Midwifery Womens Health. 2015 Oct;60(5):561–9. 

68.  Nelin V, KC A, Andersson O, Rana N, Målqvist M. Factors associated with 
timing of umbilical cord clamping in tertiary hospital of Nepal. BMC Res 
Notes. BioMed Central; 2018 Dec 31;11(1):89. 

69.  Squires J, Bricker D. Ages & Stages Questionnaires. Third Edition. (ASQ-
3): A Parent-Completed Child-Monitoring System. Paul Brookes Publishing 
Company. 2009. 

70.  Vinet L, Zhedanov A. A ‘missing’ family of classical orthogonal 
polynomials. J Phys A Math Theor. 2011 Feb 25;44(8):085201. 

71.  CDC. CDC criteria for anemia in children and childbearing-aged women. 
1989. 

72.  Cummings P. Missing data and multiple imputation. JAMA Pediatr. 2013 
Jul 1;167(7):656. 

73.  Graneheim UH, Lindgren B-M, Lundman B. Methodological challenges in 
qualitative content analysis: A discussion paper. Nurse Educ Today. 
Elsevier; 2017;56(December 2016):29–34. 

74.  Van Rheenen P, De Moor L, Eschbach S, De Grooth H, Brabin B. Delayed 
cord clamping and haemoglobin levels in infancy: a randomised controlled 
trial in term babies. Trop Med Int Heal. 2007 Mar 27;12(5):603–16. 

75.  Hermoso M, Vucic V, Vollhardt C, Arsic A, Roman-Viñas B, Iglesia-Altaba 
I, et al. The effect of iron on cognitive development and function in infants, 
children and adolescents: A systematic review. Ann Nutr Metab. 2011 
Jul;59(2–4):154–65. 

76.  Grantham-McGregor S. Does iron-deficiency anemia affect child 
development? Pediatrics. 2003 Oct 1;112(4):978–978. 

77.  Chandyo R, Ulak M, Adhikari R, Sommerfelt H, Strand T. Prevalence of 
iron deficiency and anemia among young children with acute diarrhea in 
Bhaktapur, Nepal. Healthcare. 2015 Jul 21;3(3):593–606. 

78.  KC A, Målqvist M, Rana N, Ranneberg LJ, Andersson O. Effect of timing 
of umbilical cord clamping on anaemia at 8 and 12 months and later 
neurodevelopment in late pre-term and term infants; a facility-based, 
randomized-controlled trial in Nepal. BMC Pediatr. BMC Pediatrics; 2016 
Dec 10;16(1):35. 

79.  Yao AC, Moinian M, Lind J. Distribution of blood between infant and 
placenta after birth. Lancet. 1969 Oct 25;2(7626):871–3. 

80.  Andersson O, Lindquist B, Lindgren M, Stjernqvist K, Domellöf M, 
Hellström-Westas L. Effect of delayed cord clamping on neurodevelopment 
at 4 years of age. JAMA Pediatr. 2015 Jul 1;169(7):631. 



 66 

81.  Mercer JS, Erickson-Owens DA, Collins J, Barcelos MO, Parker AB, 
Padbury JF. Effects of delayed cord clamping on residual placental blood 
volume, hemoglobin and bilirubin levels in term infants: a randomized 
controlled trial. J Perinatol. Nature Publishing Group; 2017 Mar 
8;37(3):260–4. 

82.  Backes CH, Huang H, Cua CL, Garg V, Smith C V, Yin H, et al. Early 
versus delayed umbilical cord clamping in infants with congenital heart 
disease: a pilot, randomized, controlled trial. J Perinatol. Nature Publishing 
Group; 2015 Oct 30;35(10):826–31. 

83.  Pogliani L, Erba P, Nannini P, Giacomet V, Zuccotti G V. Effects and safety 
of delayed versus early umbilical cord clamping in newborns of HIV-
infected mothers. J Matern Neonatal Med. Informa UK Ltd.; 2019 Feb 
16;32(4):646–9. 

84.  Jaleel R, Deeba F, Khan A, Backes CH, Huang H, Cua CL, et al. Late 
umbilical cord clamping does not increase rates of jaundice and the need for 
phototherapy in pregnancies at normal risk. J Matern Neonatal Med. 
Informa UK Ltd.; 2018 May 17;0(0):1–6. 

85.  Ononeze ABO, Hutchon DJR. Attitude of obstetricians towards delayed 
cord clamping: A questionnaire-based study. J Obstet Gynaecol (Lahore). 
2009 Jan 2;29(3):223–4. 

 





Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 1557

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-379616

ACTA
UNIVERSITATIS

UPSALIENSIS
UPPSALA

2019


	Abstract
	List of Papers
	Contents
	Abbreviations
	Glossary and definitions
	Introduction
	The foetal-placental circulation
	Before birth

	Early and delayed cord clamping-definitions
	Effect of early versus delayed cord clamping
	Iron deficiency and iron deficiency anaemia
	Relationship between cord clamping time and hyperbilirubinemia
	Recommendations from professional organisations
	Delayed cord clamping in practice

	Aims of the thesis
	Methods
	Paper I, II and III
	Study setting
	Study design
	Study population
	Randomisation and masking
	Follow-up
	Sample size
	Timeline
	Data collection
	Expected outcomes
	Altitude correction
	Data management
	Statistical analysis
	Ethical considerations

	Paper IV
	Study settings
	Design and participants
	Data collection
	Data analysis
	Validity and reliability of tools
	Ethical considerations


	Results
	Randomised controlled trial
	Maternal and newborn characteristics
	Main results
	Bilirubin and jaundice (Paper III)
	Haematological and iron status (Paper I)
	Neurodevelopment at 12 months (Paper II)
	Barriers and enablers for implementation of DCC (Paper IV)


	Discussion
	Strengths and limitations

	Conclusions
	Future perspectives
	Summary in English
	Sammanfattning på svenska
	Acknowledgements
	Reference



