
http://www.diva-portal.org

This is the published version of a paper published in JAMA pediatrics.

Citation for the original published paper (version of record):

Andersson, O., Lindquist, B., Lindgren, M., Stjernqvist, K., Domellöf, M. et al. (2015)

Effect of Delayed Cord Clamping on Neurodevelopment at 4 Years of Age: A Randomized

Clinical Trial.

JAMA pediatrics, 169(7): 631-638

http://dx.doi.org/10.1001/jamapediatrics.2015.0358

Access to the published version may require subscription.

N.B. When citing this work, cite the original published paper.

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:umu:diva-109819



Copyright 2015 American Medical Association. All rights reserved.

Effect of Delayed Cord Clamping on Neurodevelopment
at 4 Years of Age
A Randomized Clinical Trial
Ola Andersson, MD, PhD; Barbro Lindquist, PhD; Magnus Lindgren, PhD; Karin Stjernqvist, PhD;
Magnus Domellöf, MD, PhD; Lena Hellström-Westas, MD, PhD

IMPORTANCE Prevention of iron deficiency in infancy may promote neurodevelopment.
Delayed umbilical cord clamping (CC) prevents iron deficiency at 4 to 6 months of age, but
long-term effects after 12 months of age have not been reported.

OBJECTIVE To investigate the effects of delayed CC compared with early CC on
neurodevelopment at 4 years of age.

DESIGN, SETTING, AND PARTICIPANTS Follow-up of a randomized clinical trial conducted from
April 16, 2008, through May 21, 2010, at a Swedish county hospital. Children who were
included in the original study (n = 382) as full-term infants born after a low-risk pregnancy
were invited to return for follow-up at 4 years of age. Wechsler Preschool and Primary Scale of
Intelligence (WPPSI-III) and Movement Assessment Battery for Children (Movement ABC)
scores (collected between April 18, 2012, and July 5, 2013) were assessed by a blinded
psychologist. Between April 11, 2012, and August 13, 2013, parents recorded their child’s
development using the Ages and Stages Questionnaire, Third Edition (ASQ) and behavior
using the Strengths and Difficulties Questionnaire. All data were analyzed by intention to treat.

INTERVENTIONS Randomization to delayed CC (�180 seconds after delivery) or early CC
(�10 seconds after delivery).

MAIN OUTCOMES AND MEASURES The main outcome was full-scale IQ as assessed by the
WPPSI-III. Secondary objectives were development as assessed by the scales from the
WPPSI-III and Movement ABC, development as recorded using the ASQ, and behavior using
the Strengths and Difficulties Questionnaire.

RESULTS We assessed 263 children (68.8%). No differences were found in WPPSI-III scores
between groups. Delayed CC improved the adjusted mean differences (AMDs) in the ASQ
personal-social (AMD, 2.8; 95% CI, 0.8-4.7) and fine-motor (AMD, 2.1; 95% CI, 0.2-4.0)
domains and the Strengths and Difficulties Questionnaire prosocial subscale (AMD, 0.5; 95%
CI, >0.0-0.9). Fewer children in the delayed-CC group had results below the cutoff in the ASQ
fine-motor domain (11.0% vs 3.7%; P = .02) and the Movement ABC bicycle-trail task (12.9%
vs 3.8%; P = .02). Boys who received delayed CC had significantly higher AMDs in the
WPPSI-III processing-speed quotient (AMD, 4.2; 95% CI, 0.8-7.6; P = .02), Movement ABC
bicycle-trail task (AMD, 0.8; 95% CI, 0.1-1.5; P = .03), and fine-motor (AMD, 4.7; 95% CI,
1.0-8.4; P = .01) and personal-social (AMD, 4.9; 95% CI, 1.6-8.3; P = .004) domains of the ASQ.

CONCLUSIONS AND RELEVANCE Delayed CC compared with early CC improved scores in the
fine-motor and social domains at 4 years of age, especially in boys, indicating that optimizing
the time to CC may affect neurodevelopment in a low-risk population of children born in a
high-income country.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01581489
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I ron deficiency is a global health issue among preschool
children that is associated with impaired neurodevelop-
ment affecting cognitive, motor, and behavioral abilities.1,2

High growth velocity combined with limited ability to
absorb iron results in markedly reduced iron stores during
the first year of life.3 Iron deficiency affects 5% to 25% of
preschool children in high-income countries and up to 100%
of young children in low-income countries.4,5 Iron adminis-
tration to high-risk groups is associated with improved psy-
chomotor and cognitive development and fewer behavioral
symptoms.6,7

Delaying umbilical cord clamping (CC) by 2 to 3 minutes
after delivery allows fetal blood remaining in the placental cir-
culation to be transfused to the newborn.8,9 This transfusion
can expand the blood volume by 30% to 40% (25-30 mL/kg).10

After physiologic hemolysis, hemoglobin-bound iron is trans-
ferred into iron stores. Consequently, delayed CC is associ-
ated with improved iron status at 4 to 6 months of age.11,12 De-
layed CC has the potential to contribute approximately 75 mg
of iron, corresponding to more than 3 months’ requirement in
a 6- to 11-month-old infant.13 We have previously demon-
strated a 90% reduction in iron deficiency at 4 months in
healthy full-term infants who received delayed CC with no ad-
verse neonatal effects.14 However, there is a lack of knowl-
edge regarding the long-term effects and evidence of no harm,
causing policy makers to be hesitant to make clear recommen-
dations concerning delayed CC in full-term infants, espe-
cially in settings with rich resources.15

We hypothesized that delayed CC and the associated re-
duction of iron deficiency during the first 4 months of life
would result in improved neurodevelopment. Therefore, we
conducted a follow-up of a randomized clinical trial14 to as-
sess the long-term effects of delayed CC compared with early
CC on neurodevelopment at 4 years of age.

Method
Study Design
This study is a follow-up of a randomized clinical trial con-
ducted at the Hospital of Halland from April 16, 2008, through
May 21, 2010.14 Follow-up was conducted at the same loca-
tion from April 11, 2012, through August 13, 2013. The original
trial and the follow-up study were approved by the Regional
Ethics Review Board at Lund University (protocols 41/2008 and
23/2012), and written patient consent was obtained from par-
ents separately for the study and follow-up. Both studies were
registered with Clinicaltrials.gov (NCT01245296 and
NCT01581489). The full study protocol can be found in the trial
protocol in Supplement 1.

Randomization and Masking of the Original Trial
Full-term newborns with a gestational age of 37 to 41 weeks
were eligible if the mother was healthy, was a nonsmoker,
and had an uncomplicated pregnancy with expected vaginal
delivery. Randomization assignments (1:1), consisting of
delayed (≥180 seconds after delivery) or early (≤10 seconds
after delivery) CC, were contained in sealed, numbered,

opaque envelopes that were opened by the midwife when
delivery was imminent.14 The mother and the midwife could
not be masked, but all staff and researchers involved in the
collection or analysis of data were blinded to the allocation
group.

Study Participants
All children included in the original study (n = 382) were eli-
gible for the follow-up. An invitation letter for the follow-up
study was sent 1 month before the child’s fourth birthday.

Procedures
The children were assessed by a psychologist (B.L.) at 48 to
51 months of age. This age was chosen to enable assessment
of cognitive function using the older-age band (4-7 years) of
the Wechsler Preschool and Primary Scale of Intelligence
(WPPSI-III).16 This test provides composite scores that rep-
resent intellectual functioning in the following verbal and
cognitive performance domains: full-scale IQ, verbal IQ,
performance IQ, processing-speed quotient, and general
language composite. Scores are standardized to a mean (SD)
of 100 (15). A subnormal score was defined as a result lower
than 85.

Fine-motor skills were assessed by the manual dexterity
area from the Movement Assessment Battery for Children,
Second Edition (Movement ABC), which includes 3 subtests:
time for posting coins into a slot (both hands), time for bead
threading, and drawing within a bicycle trail.17 The refer-
ence mean (SD) for each test is 10 (3). A score of less than 7
reflects performance below the 15th percentile and is
regarded as an at-risk score. The psychologist also assessed
the child’s pencil grip and classified findings as mature (static
or dynamic tripod) or immature (palmar supinate or digital
pronate).18,19

Parents reported their child’s development using the
Ages and Stages Questionnaire, Third Edition (ASQ)
48-month questionnaire, which was translated into Swedish
(by permission from Paul H. Brookes Publishing Co).20 The
ASQ contains 5 subdomains: communication, gross motor,
fine motor, problem solving, and personal-social, each con-
sisting of 6 items with a maximum score of 60, resulting in a

At a Glance

• Iron deficiency is associated with impaired neurodevelopment
affecting cognitive, motor, as well as behavioral abilities; delaying
umbilical cord clamping for 3 minutes reduces iron deficiency at
4 to 6 months of age.

• In a follow-up of a randomized trial, 263 children (69% of the
original study population) were assessed for neurodevelopment
at 4 years of age.

• Delayed cord clamping compared with early cord clamping
improved scores and reduced the number of children having low
scores in fine-motor skills and social domains.

• Boys, who were more prone to iron deficiency, were shown to
have the most improved results, especially in fine-motor skills.

• Optimizing the time to cord clamping may affect
neurodevelopment in a low-risk population of children born in a
high-income country.
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maximum total score of 300 (higher scores indicate more
developmental milestones reached). Cutoff scores were cre-
ated according to the ASQ manual, and scores that were 2
SDs less than the mean score of the respective subdomain
were considered subnormal. If questionnaires were not com-
pletely answered, scores were adjusted according to the ASQ
manual.20

Behavior was assessed using the Strengths and Difficul-
ties Questionnaire (SDQ),21 which is directed at children aged
3 to 4 years. In the SDQ, 25 items in 5 subscales are scored. Four
of these subscales—emotional difficulties score, conduct dif-
ficulties score, hyperactivity difficulties score, and peer prob-
lems score—are added together to form a total difficulties score
(based on 20 items; maximum score, 40; higher scores indi-
cate more difficulties). The fifth subscale, the prosocial score,
is evaluated separately (5 items; maximum score, 10; higher
scores indicate better prosocial behavior). A cutoff score was
defined according to the criteria given for borderline and ab-
normal in the manual, Scoring the Informant-Rated Strengths
and Difficulties Questionnaire.22

Outcomes
The WPPSI-III full-scale IQ was prespecified as the primary
outcome. Prespecified secondary outcomes included the
WPPSI-III composite scores (verbal IQ, performance IQ,
processing-speed quotient, and general language composite),
fine-motor skills (Movement ABC, manual dexterity area and
subtests), psychomotor development (ASQ, total and 5 subdo-
mains), and behavior (SDQ, total and subscales). Children’s
sex and gestational age at birth were prespecified confound-
ers. The child’s pencil grip was also recorded.

Statistical Analysis
This study is a follow-up of a randomized clinical trial, and the
sample size is considered fixed.

For summary statistics (Table 1), delayed CC was com-
pared with early CC with respect to maternal and newborn data
with means and SDs or numbers and percentages, as appro-
priate. An unpaired 2-tailed t test was used for variables with
normal distribution, and categorical variables were com-
pared between groups using the Fisher exact test.

Table 1. Baseline and Background Characteristics by Intervention Group Comparing Infants
With Delayed CC vs Early CCa

Characteristic

Delayed
CC

Early
CC

Valueb Patients, No. Valueb Patients, No.

Maternal data

Age, y 31.4 (4.4) 141 32.0 (4.2) 122

Weight, kg 67.6 (11.9) 141 66.9 (12.3) 119

Hemoglobin level at first antenatal
visit, g/dL

12.8 (1.1) 141 12.9 (0.9) 116

Parity (including newborn child) 1.7 (0.7) 141 1.7 (0.8) 122

College education, No. (%) 90 (66.7) 135 85 (70.2) 121

Newborn data

Male sex, No. (%) 60 (42.6) 141 57 (46.7) 122

Gestational age, wk 40.1 (1.0) 141 40.1 (1.1) 122

Apgar score, min

1 8.8 (0.8) 141 8.7 (1.0) 122

5 9.8 (0.5) 141 9.8 (0.7) 122

Measurement at birth

Weight, kgc 3.64 (0.48) 141 3.50 (0.52) 122

Length, cm 50.9 (1.9) 141 50.6 (2.1) 120

Head circumference, cm 34.8 (1.4) 141 34.5 (1.4) 122

Umbilical cord blood sample tests

pH 7.26 (0.08) 117 7.26 (0.09) 117

Base deficit 4.8 (3.5) 116 5.1 (3.6) 116

Hemoglobin level, g/dL 16.0 (1.8) 122 16.3 (1.6) 109

Mean cell volume, fL 105 (5) 122 106 (5) 109

Ferritin level, ng/mL 225 (140) 136 232 (163) 119

Transferrin

Saturation, % 54.3 (16.6) 132 53.4 (17.6) 115

Level, mg/L 5.26 (1.85) 140 5.33 (1.96) 122

Condition 1 h after birth, No. (%)

Respiratory symptomsd 12 (9.0) 132 8 (7.2) 111

Breastfed 95 (72.0) 131 84 (73.0) 115

Exclusively breastfed at 4 mo, No. (%) 80 (56.7) 141 64 (53.3) 120

Abbreviation: CC, umbilical cord
clamping.

SI conversion factors: To convert
hemoglobin to grams per liter,
multiply by 10.0; ferritin to picomoles
per liter, multiply by 2.247; and
transferrin to micromoles per liter,
multiply by 0.0123.
a Delayed CC was defined as 180 s or

more after delivery; early CC,
10 s or less.

b Values are presented as mean (SD)
unless otherwise indicated.

c Intervention groups had
significantly different birth weights
(P = .03, unpaired 2-tailed t test).

d Respiratory rate greater than
60 breaths per minute; presence of
nostril flaring, grunting, and/or
intercostal retractions.
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For comparison of continuous test scores (WPPSI-III,
Movement ABC, and ASQ), the mean difference between
delayed CC and early CC was calculated and the t test was
used for P value estimation (Table 2). For ordinal scale vari-
ables from the SDQ test scores, the Mann-Whitney test was
used.

For adjusted analyses, analysis of covariance was used for
test scores from the WPPSI-III, Movement ABC, and ASQ, and
ordinal regression analysis was used for scores from the SDQ.
Children’s sex and parents’ level of education were chosen a
priori as adjustment variables for known predictors of chil-
dren’s development, and children’s age when performing the
test was chosen a posteriori because it was significantly cor-
related with several of the outcome variables.

Test scores were dichotomized for logistic regression
analysis (Table 3); unadjusted and adjusted analyses were
conducted. Odds ratios (ORs) and 95% CIs were calculated.

To estimate an overall effect of fine-motor function,
multivariate analysis of variance (MANOVA) was used. The
MANOVA analysis was appropriate, with correlation coeffi-
cients for fine-motor outcome variables ranging from 0.2456
to 0.4221. The MANOVA analysis was conducted using the
tests that are considered most specific for fine-motor func-
tion, including the WPPSI-III processing-speed quotient,
Movement ABC manual dexterity, and ASQ fine-motor sec-
tions, with randomization as a grouping variable and sex,

parents’ level of education, and age when performing the
test as independent factors.

A subgroup analysis was conducted for sex as prespeci-
fied in the protocol. Analysis of covariance and logistic
regression were conducted using the designated adjustment
variables (eTable 1 and eTable 2 in Supplement 2). P < .05 was
considered significant for all the above-mentioned tests.

The Statistical Package for Social Sciences (SPSS) for
Windows, version 18.0 was used (SPSS Inc), and STATA, ver-
sion 10.1 (StataCorp LP) was used for MANOVA and logistic
regression analysis. All data were analyzed by intention
to treat.

Results
Study Patients
The study was conducted between April 18, 2012, and July 5,
2013 (WPPSI-III and Movement ABC). The ASQ and SDQ were
completed by parents between April 11, 2012, and August 13,
2013. Data from all 4 tests were acquired from 243 of 382 chil-
dren (63.6%) and from at least 1 test from 263 children (68.8%)
(Figure 1). There was no significant difference in response rates
between the delayed- and early-CC groups. Two responses were
excluded from the ASQ analysis because they were answered
after the defined time frame (51 months after birth). Baseline

Table 2. Neurodevelopment at 48 Months of Age in Children Born at Term Who Were Randomized to Delayed CC or Early CCa

Characteristic

Delayed CC Early CC Unadjusted Adjustedb

Mean (SD) Patients, No. Mean (SD) Patients, No.
Mean Difference
(95% CI) P Valuec

Mean Difference
(95% CI) P Valued

WPPSI-III

Full-scale IQ 117.1 (9.7) 135 117.1 (9.7) 116 0.1 (−2.4 to 2.5) 0.95 0.6 (−1.8 to 2.9) 0.65

Verbal IQ 121.2 (13.8) 136 121.7 (12.5) 116 −0.5 (−3.8 to 2.7) 0.74 0.3 (−3.0 to 3.5) 0.87

Performance 115.0 (7.9) 135 115.3 (12.5) 117 −0.3 (−2.4 to 1.7) 0.74 −0.1 (−2.1 to 1.9) 0.92

Processing-speed
quotient

100.7 (7.9) 129 98.9 (10.0) 111 1.8 (−0.5 to 4.1) 0.12 2.2 (−0.1 to 4.5) 0.06

General language
composite

112.1 (12.8) 133 112.9 (10.2) 108 −0.8 (−3.7 to 2.2) 0.62 −0.4 (−3.5 to 2.7) 0.81

Movement ABC

Manual dexterity 8.4 (2.4) 133 8.2 (2.5) 116 0.2 (−0.4 to 0.8) 0.53 0.3 (−0.2 to 0.9) 0.25

Posting coins in box 8.1 (2.7) 134 8.1 (2.7) 116 0.0 (−0.6 to 0.7) 0.92 0.3 (−0.4 to 1.0) 0.44

Bead threading 8.3 (3.1) 134 7.8 (3.4) 116 0.4 (−0.3 to 1.3) 0.28 0.5 (−0.2 to 1.3) 0.17

Drawing bicycle trail 9.3 (1.6) 133 9.1 (1.8) 116 0.2 (−0.3 to 0.6) 0.42 0.3 (−0.2 to 0.7) 0.23

ASQ

Total score 278.9 (21.6) 130 275.5 (27.6) 115 3.5 (−2.7 to 9.7) 0.27 4.7 (−1.3 to 10.6) 0.12

Communication 56.6 (5.3) 132 57.7 (5.5) 117 −1.0 (−2.4 to 0.3) 0.13 −0.9 (−2.2 to 0.5) 0.22

Motor skill

Gross 56.1 (6.5) 134 55.7 (7.9) 119 0.4 (−1.4 to 2.1) 0.07 0.2 (−1.6 to 2.0) 0.82

Fine 54.2 (7.3) 134 52.3 (9.4) 118 1.9 (−0.2 to 4.1) 0.07 2.1 (0.2 to 4.0) 0.03

Problem solving 56.1 (7.1) 134 55.8 (6.9) 117 0.3 (−1.4 to 2.1) 0.72 0.8 (−0.9 to 2.4) 0.35

Personal-social 55.5 (7.0) 135 53.1 (8.6) 119 2.4 (0.4 to 4.4) 0.02 2.8 (0.8 to 4.7) 0.006

Abbreviations: ASQ, Ages and Stages Questionnaire, Third Edition; CC, umbilical
cord clamping; Movement ABC, Movement Assessment Battery for Children,
Second Edition; WPPSI-III, Wechsler Preschool and Primary Scale of
Intelligence, Third Edition.
a Delayed CC was defined as 180 s or more after delivery; early CC, 10 s or less.

b Adjusted for the child’s sex, mother’s educational level, father’s educational
level, and child’s age at testing.

c P values were calculated using the t test.
d P values were calculated using analysis of covariance.

Research Original Investigation Delayed Clamping and Neurodevelopment at 4 Years of Age

634 JAMA Pediatrics July 2015 Volume 169, Number 7 (Reprinted) jamapediatrics.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archpedi.jamanetwork.com/ by a Umea University Library User  on 10/07/2015

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2015.0358&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2015.0358
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2015.0358


Copyright 2015 American Medical Association. All rights reserved.

characteristics of participants in the follow-up did not differ
between the 2 groups (Table 1). As previously reported, birth
weights were higher in the delayed-CC group as a result of the
intervention.14 At 4 years, there were no group differences in
the mean (SD) weight or height measurements, which were 17.3
(2.1) kg and 104 (4) cm in the delayed-CC group (n = 136) vs 17.1
(2.1) kg and 104 (4) cm in the early-CC group (n = 120) (P = .45
and P = .90, respectively).

Because the attrition rate was higher than expected,
background data were compared between participants in
the follow-up study and nonparticipants (eTable 3 in
Supplement 2). In the participant group, mothers were 1.3
years (95% CI, 0.32.2 years) older, and the infants’ mean head
circumference at birth was 0.3 cm (95% CI, 0.1-0.6 cm) less
than in the nonparticipant group. Other background data did
not differ.

Primary Outcome
Full-scale IQ did not differ between the randomization groups
for the mean scores (Table 2) or the proportion of children with
a subnormal score of less than 85 (Table 3).

Secondary Outcomes
The WPPSI-III composite scores for verbal IQ, performance IQ,
processing-speed quotient, and general language composite

did not differ between the randomization groups (Tables 2 and
3). The groups did not differ in mean scores for fine-motor skills
as assessed by the Movement ABC manual dexterity test
(Table 2). However, for the bicycle-trail task, the proportion of
children with a score of less than 7 (ie, at risk) was signifi-
cantly lower in the delayed-CC group than in the early-CC group
(3.8% vs 12.9%; P = .02) (Table 3). The proportion of children
with an immature pencil grip was significantly lower in the de-
layed-CC group than in the early-CC group (13.2% vs 25.6%;
P = .01) (Table 3).

The delayed-CC group had significantly higher scores lead-
ing to significant adjusted mean differences (AMDs) in the ASQ
personal-social (AMD, 2.8; 95% CI, 0.8-4.7) and fine-motor
(AMD, 2.1; 95% CI, 0.2-4.0) domains. In the ASQ fine-motor do-
main, the proportion of children with a score 2 SDs below the
mean was lower in the delayed-CC group (3.7%) than in the
early-CC group (11.0%; P = .02). After adjusted logistic regres-
sion analysis, there were also fewer children with a score 2 SDs
below the mean in the ASQ problem-solving domain (ad-
justed OR, 0.3; 95% CI, 0.1 to <1.0). There were no differences
between groups for the total score or the other subdomains
(Tables 2 and 3).

The SDQ did not show any differences in the total diffi-
culties scale or in the 4 difficulties subscales between the 2
groups. The delayed-CC group scored higher in the prosocial

Table 3. Proportion of 4-Year-Old Children With Neurodevelopmental Test Scores Below Cutoff Levelsa

Test Score

Delayed CC Early CC Unadjustedb Adjustedb,c

Value, No. (%) Patients, No. Value, No. (%) Patients, No. OR (95% CI) P Value OR (95% CI) P Value
WPPSI-III

Full-scale IQ<85 1 (0.7) 135 0 116 NA >.99 NA >.99

Verbal IQ<85 2 (1.5) 136 1 (0.9) 116 1.7 (0.2 to 19.2) .66 1.7 (0.1 to 18.7) .68

Performance 1 (0.7) 135 0 (0) 117 NA >.99 NA >.99

Processing-speed
quotient <85

2 (1.6) 129 7 (6.3) 111 0.2 (0.0 to 1.2) .07 0.2 (0.0 to 1.1) .06

General language
composite <85

4 (3.0) 133 2 (1.9) 108 1.6 (0.2 to 9.1) .57 1.3 (0.2 to 8.3) .76

Movement ABC

Manual dexterity
<7 (15th percentile)

24 (18.0) 133 30 (25.9) 116 0.6 (0.3 to 1.2) .14 0.6 (0.3 to 1.2) .15

Posting coins in box
<7 (15th percentile)

40 (29.9) 134 41 (35.3) 116 0.8 (0.5 to 1.3) .36 0.7 (0.4 to 1.2) .16

Bead threading
<7 (15th percentile)

21 (15.7) 134 23 (19.8) 116 0.8 (0.4 to 1.4) .39 0.7 (0.4 to 1.5) .41

Drawing bicycle trail
<7 (15th percentile)

5 (3.8) 133 15 (12.9) 116 0.3 (0.1 to 0.7) .01 0.3 (0.1 to 0.8) .02

ASQ

Communication <46.2 11 (8.3) 132 5 (4.3) 117 2.0 (0.7 to 6.0) .20 1.8 (0.6 to 5.8) .32

Gross motor <41.7 7 (5.2) 134 8 (6.7) 119 0.8 (0.3 to 2.2) .62 0.9 (0.3 to 3.2) .88

Fine motor <36.7 5 (3.7) 134 13 (11.0) 118 0.3 (0.1 to 0.9) .03 0.2 (0.1 to 0.8) .02

Problem solving <42.3 7 (5.2) 134 10 (8.5) 117 0.6 (0.2 to 1.6) .30 0.3 (0.1 to <1.0) .05

Personal-social <38.7 4 (3.0) 135 10 (8.4) 119 0.3 (0.1 to 1.1) .07 0.3 (0.1 to 1.2) .10

Immature pencil gripd 18 (13.2) 136 30 (25.6) 117 0.4 (0.2 to 0.8) .01 0.4 (0.2 to 0.8) .01

Abbreviations: ASQ, Ages and Stages Questionnaire, Third Edition; CC, umbilical
cord clamping; Movement ABC, Movement Assessment Battery for Children,
Second Edition; NA, not analyzed because n = 0 in 1 group; OR, odds ratio;
WPPSI-III, Wechsler Preschool and Primary Scale of Intelligence, Third Edition.
a The children were born at term and randomized to delayed (�180 s after

delivery) or early (�10 s) umbilical CC.

b Unadjusted and adjusted ORs were analyzed by logistic regression.
c Adjusted for the child’s sex, mother’s educational level, father’s educational

level, and child’s age at testing.
d Palmar supinate or digital pronate grip.
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subscale (median, 9; interquartile range, 8-10) than the early-CC
group (median, 8; interquartile range, 7-9; AMD, 0.5; 95% CI,
>0.0-0.9; P = .05).

To estimate the overall group difference in each out-
come measure, MANOVA analysis was conducted using the
subtests and subdomains as dependent variables. This
analysis demonstrated that the ASQ showed a significant
difference between randomization groups (P = .02; fit of
model, <0.0001) while the WPPSI-III, Movement ABC, and
SDQ did not.

A MANOVA analysis that included the tests considered
most specific for fine-motor function (WPPSI-III processing-
speed quotient, Movement ABC manual dexterity, and ASQ
fine motor), with randomization as a grouping variable and
sex, parents’ level of education, and age when performing
the test as independent factors, showed a significant differ-
ence between groups (P = .02; fit of model, <0.001).

Effect of Children’s Sex and Gestational Age on Outcome
In girls, there were no differences between the groups for
any of the assessments. However, boys who received
delayed CC had higher mean (SD) scores in several tasks that
involved fine-motor function, including the WPPSI-III
processing-speed quotient (AMD, 4.2; 95% CI, 0.8-7.6),
Movement ABC bicycle-trail task (AMD, 0.8; 95% CI, 0.1-1.5;
P = .03), and ASQ fine-motor score (AMD, 4.7; 95% CI, 1.0-
8.4). Furthermore, the ASQ personal-social score was higher
(AMD, 4.9; 95% CI, 1.6-8.3) in the delayed-CC group (eTable 1
in Supplement 2).

An at-risk result in the bicycle-trail task was less preva-
lent in boys who received delayed CC compared with those
who received early CC (3.6% vs 23.1%; P = .008); findings
were similar in the ASQ fine-motor domain (8.9% vs 23.6%;
P = .03). A similar trend was present for the number of boys
who had a score of less than 85 on the WPPSI-III processing-

Figure 1. CONSORT Flow Diagram

1992 Assessed for eligibility

1592 Excluded
929 Did not meet inclusion criteria
663 Declined to participate

400 Randomized

4 Inclusion criteria not followed
7 Excluded

3 Family decided to stop participation
immediately after intervention

11 Excluded
7 Inclusion criteria not followed

1 Data not recorded

3 Family decided to stop participation
immediately after intervention

200 Randomized to early cord clamping
(≤10 s)

200 Randomized to delayed cord clamping
(≥180 s)

166 Received randomized intervention
23 Did not receive randomized intervention

168 Received randomized intervention
25 Did not receive randomized intervention

67 Lost to follow-up (family decided to stop
participating)

52 Lost to follow-up (family decided to stop
participating)

122 Completed ≥1 test
109 Received randomized intervention

107 Received randomized intervention

117 Wechsler Preschool and Primary Scale of
Intelligence, Third Edition

104 Received randomized intervention
113 Completed all tests

108 Received randomized intervention

121 Ages and Stages Questionnaire, 
Third Edition

106 Received randomized intervention
119 Strengths and Difficulties Questionnaire

107 Received randomized intervention

116 Movement Assessment Battery for
Children, Second Edition

141 Completed ≥1 test
121 Received randomized intervention

117 Received randomized intervention

136 Wechsler Preschool and Primary Scale of
Intelligence, Third Edition

112 Received randomized intervention
130 Completed all tests

116 Received randomized intervention

135 Ages and Stages Questionnaire, 
Third Edition

166 Received randomized intervention
135 Strengths and Difficulties Questionnaire

116 Received randomized intervention

135 Movement Assessment Battery for
Children, Second Edition

Flowchart depicting the selection of
children randomized to either early or
delayed cord clamping at birth and
the following attrition of study
participants until the 4-year
follow-up.
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speed quotient (2.0% vs 12.5%; P = .06) (Figure 2 and eTable 3
in Supplement 2). The MANOVA of the tests that were consid-
ered most specific for fine-motor function showed a signifi-
cant interaction term for randomization by sex, indicating
that the effect of randomization depends on sex (P = .005)
and showing a highly significant difference between groups
among boys (P = .008; fit of model, 0.0033) but not among
girls (P = .80; fit of model, 0.3706). There was no significant
interaction between gestational age at birth and the interven-
tion on any of the outcomes.

Discussion
Our results indicate that delaying CC for 3 or more minutes af-
ter delivery is associated with better fine-motor function in
4-year-old children. However, in this pronounced low-risk
population, delayed CC did not have any effect on full-scale
IQ or behavior difficulties. For the whole study population, de-
layed CC was associated with a significantly higher propor-
tion of children with a mature pencil grip and with higher scores
for the ASQ personal-social and fine-motor domains as well as
for the SDQ prosocial scale. When the proportions of children
with subnormal performance on the various tasks were com-
pared, delayed CC was associated with fewer children having
a score below the normal range in the Movement ABC bicycle-
trail task and the ASQ fine-motor domain. In the ASQ personal-
social domain, 3 of the 6 items involve fine-motor skills, such
as if the child serves himself or herself, brushes his or her teeth,
and can dress himself or herself. Also, the higher proportion
of children in the early-CC group having an immature pencil
grip indicates the effect of the timing of CC on fine-motor ca-
pabilities at 4 years of age. Our findings are supported by data
from other studies that demonstrate associations between low
umbilical cord ferritin levels and poorer fine-motor skills at 5
years of age and between a low level of ferritin at 1 year and
poorer fine-motor scores at 6 years.23,24 Previous data on the
study population demonstrated significantly higher levels of
ferritin at 4 months of age but no persisting effect of the in-
tervention on ferritin levels at 12 months.14,25 This finding,
which indicates a period of motor development vulnerability
to low iron stores during early infancy, was also demon-
strated in a systematic review of early iron supplementation.6

When the results were analyzed according to children’s
sex, differences in neurodevelopment between the random-
ization groups became more evident; in boys, delayed CC was
associated with higher scores on several tests: the processing-
speed quotient, the bicycle-trail task, and the ASQ fine-motor
and personal-social domains. However, no differences were
shown in girls. The effect by sex is consistent with previous
results from the same study population at 12 months, which
showed a significant interaction between the intervention
and sex on ASQ outcomes; boys who had delayed CC per-
formed better, but the intervention had the opposite effect on
ASQ in girls.25 Other studies have shown that boys have lower
iron stores than girls at birth and during infancy.26,27 In an
analysis involving 6 studies from Ghana, Honduras, Mexico,
and Sweden, Yang et al28 found a higher risk (adjusted OR,

4.6; 95% CI, 2.5-8.5) for iron deficiency among male infants.
The increased risk for male infants to develop iron deficiency
is a probable explanation for why delayed CC seems to have a
more beneficial effect in boys. Other studies have also shown
that delayed CC in very preterm infants is associated with
improved motor outcomes among boys at follow-up after 7
months.29

This study has limitations. The initial study was powered
to demonstrate increased infant ferritin levels (which it did)
but not differences in neurodevelopment. The attrition rate was
relatively high (31.2%). We cannot exclude a possible bias in
the overall development of the children whose parents chose
to return for the follow-up, although no major differences in
baseline data were demonstrated, and there were no differ-
ences in baseline data between the randomization groups in
children who participated in the follow-up. The limitations in
study design and attrition rate must be weighed against the
novelty and originality of the study; this study is the first, to
our knowledge, to assess the effects of delayed vs early CC on
neurodevelopment after 1 year of age.

Conclusions
Delaying CC for 3 minutes after delivery resulted in similar over-
all neurodevelopment and behavior among 4-year-old chil-
dren compared with early CC. However, we did find higher
scores for parent-reported prosocial behavior as well as per-
sonal-social and fine-motor development at 4 years, particu-
larly in boys. The included children constitute a group of low-
risk children born in a high-income country with a low

Figure 2. Proportion of Children With a Neurodevelopmental Score
Below the Normal Range at 48 Months of Age
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Children were assessed using the Wechsler Preschool and Primary Scale of
Intelligence (WPPSI-III), Movement Assessment Battery for Children (ABC),
and Ages and Stages Questionnaire (ASQ). Children were randomized to
delayed umbilical cord clamping (CC) (�180 seconds after delivery) or early CC
(�10 seconds after delivery). P values were calculated using logistic regression
analysis and adjusted for the mother’s educational level, father’s educational
level, and child’s age at testing (see also eTable 2 in Supplement 2).
a P = .06 for boys who received delayed CC vs boys who received early CC.
b P = .008 for boys who received delayed CC vs boys who received early CC.
c P = .03 for boys who received delayed CC vs boys who received early CC.
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prevalence of iron deficiency. Still, differences between the
groups were found, indicating that there are positive, and in
no instance harmful, effects from delayed CC. Future re-
search should involve large groups to secure enough power to
draw clear conclusions regarding development. Definite rec-
ommendations for delayed CC have not been issued in full-

term infants,15,30 with one reason being the alleged increased
risk of hyperbilirubinemia stated in the latest Cochrane report11;
however, that report includes unpublished data. When fu-
ture guidelines are developed regarding child birth and tim-
ing of CC, the effect on fine-motor function shown in our study
might be taken into account pending larger studies.

ARTICLE INFORMATION

Accepted for Publication: February 10, 2015.

Published Online: May 26, 2015.
doi:10.1001/jamapediatrics.2015.0358.

Author Contributions: Dr Andersson had full
access to all the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: All authors.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Andersson, Lindquist,
Hellström-Westas.
Critical revision of the manuscript for important
intellectual content: Andersson, Lindgren,
Stjernqvist, Domellöf, Hellström-Westas.
Statistical analysis: Andersson.
Obtained funding: Andersson, Hellström-Westas.
Administrative, technical, or material support:
Andersson, Lindquist, Stjernqvist, Hellström-Westas.
Study supervision: Stjernqvist, Domellöf,
Hellström-Westas.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study was supported by
grants from the Regional Scientific Council of
Halland, the Linnéa and Josef Carlsson Foundation,
the Southern Healthcare Region’s common funds
for development and research, H. R. H. Crown
Princess Lovisa's Society for Child Care, Uppsala
University, the Little Childs foundation, Sweden,
and the Swedish Research Council for Health,
Working Life and Welfare (Dr Andersson).

Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Additional Contributions: Eivor Kjellberg, RN, and
Monika Nygren, RN, Department of Pediatrics,
Hospital of Halland, Halmstad, provided assistance
in collecting the data; both received wages for their
work. Per-Erik Isberg, PhD, Department of
Statistics, Lund University, and Maria Lönn, MSc,
Maple Medical Science, provided statistical advice.
Maple Medical Science is a statistical consulting
company that was paid on a time-charge basis.

REFERENCES

1. 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;64(5, pt 2):S34-S43.

2. Radlowski EC, Johnson RW. Perinatal iron
deficiency and neurocognitive development. Front
Hum Neurosci. 2013;7:585.

3. Domellöf M. Iron requirements in infancy. Ann
Nutr Metab. 2011;59(1):59-63.

4. de Benoist B, McLean E, Egli I, Cogswell M.
Worldwide Prevalence of Anaemia 1993-2005: WHO
Global Database on Anaemia. Geneva, Switzerland:
World Health Organization; 2008.

5. Domellöf M, Braegger C, Campoy C, et al;
ESPGHAN Committee on Nutrition. Iron
requirements of infants and toddlers. J Pediatr
Gastroenterol Nutr. 2014;58(1):119-129.

6. 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;
91(6):1684-1690.

7. Berglund SK, Westrup B, Hägglöf B, Hernell O,
Domellöf M. Effects of iron supplementation of
LBW infants on cognition and behavior at 3 years.
Pediatrics. 2013;131(1):47-55.

8. Yao AC, Moinian M, Lind J. Distribution of blood
between infant and placenta after birth. Lancet.
1969;2(7626):871-873.

9. 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;118(1):70-75.

10. Yao AC, Lind J. Placental transfusion. AJDC. 1974;
127(1):128-141.

11. 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;7:CD004074.

12. 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;367(9527):1997-2004.

13. Food and Nutrition Board, Institute of Medicine.
Dietary Reference Intakes for Vitamin A, Vitamin K,
Arsenic, Boron, Chromium, Copper, Iodine, Iron,
Manganese, Molybdenum, Nickel, Silicon,
Vanadium, and Zinc. Washington, DC: National
Academy Press; 2001.

14. 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 [published online November 15, 2011]. BMJ.
2011;343:d7157.

15. Committee on Obstetric Practice, American
College of Obstetricians and Gynecologists.
Committee Opinion No.543: Timing of umbilical
cord clamping after birth. Obstet Gynecol. 2012;120
(6):1522-1526.

16. Wechsler D. Wechsler Preschool and Primary
Scale of Intelligence (Swedish Version). Stockholm,
Sweden: Pearson Assessment; 2005.

17. Henderson SE, Sugden DA, Barnett A.
Movement Assessment Battery for Children, Second

Edition (Swedish). Stockholm, Sweden: Pearson
Assessment; 2007.

18. Lantz C, Melén K. Fine Motor Development at 1-7
Years of Age: An Evaluation and Correction of an
Earlier Report [in Swedish]. Stockholm, Sweden:
Stockholms läns landsting, Omsorgsnämnden; 1992.

19. Schneck CM, Henderson A. Descriptive analysis
of the developmental progression of grip position
for pencil and crayon control in nondysfunctional
children. Am J Occup Ther. 1990;44(10):893-900.

20. Squires J, Twombly E, Bricker D, Potter L.
ASQ-3 User’s Guide. 3rd ed. Baltimore, MD: Brookes
Publishing Co; 2009.

21. Goodman R. The extended version of the
Strengths and Difficulties Questionnaire as a guide to
child psychiatric caseness and consequent burden.
J Child Psychol Psychiatry. 1999;40(5):791-799.

22. American Academy of Pediatrics. Scoring the
informant-rated Strengths and Difficulties
Questionnaire. https://brightfutures.aap.org/pdfs
/Other%203/SDQ%20Scoring%20Instructions%20
(Parent,%20Teacher).pdf. Accessed April 8, 2015.

23. Tamura T, Goldenberg RL, Hou J, et al. Cord
serum ferritin concentrations and mental and
psychomotor development of children at five years
of age. J Pediatr. 2002;140(2):165-170.

24. 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;96(3):
391-395.

25. 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: a randomized
clinical trial. JAMA Pediatr. 2014;168(6):547-554.

26. Tamura T, Hou J, Goldenberg RL, Johnston KE,
Cliver SP. Gender difference in cord serum ferritin
concentrations. Biol Neonate. 1999;75(6):343-349.

27. Domellöf M, Lönnerdal B, Dewey KG, Cohen RJ,
Rivera LL, Hernell O. Sex differences in iron status
during infancy. Pediatrics. 2002;110(3):545-552.

28. Yang Z, Lönnerdal B, Adu-Afarwuah S, et al.
Prevalence and predictors of iron deficiency in fully
breastfed infants at 6 mo of age: comparison of
data from 6 studies. Am J Clin Nutr. 2009;89(5):
1433-1440.

29. Mercer JS, Vohr BR, Erickson-Owens DA,
Padbury JF, Oh W. Seven-month developmental
outcomes of very low birth weight infants enrolled
in a randomized controlled trial of delayed versus
immediate cord clamping. J Perinatol. 2010;30(1):
11-16.

30. National Collaborating Centre for Women’s and
Children’s Health. Intrapartum Care: Care of Healthy
Women and Their Babies During Childbirth. London,
England: RCOG Press; 2007.

Research Original Investigation Delayed Clamping and Neurodevelopment at 4 Years of Age

638 JAMA Pediatrics July 2015 Volume 169, Number 7 (Reprinted) jamapediatrics.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archpedi.jamanetwork.com/ by a Umea University Library User  on 10/07/2015

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2015.0358&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2015.0358
http://www.ncbi.nlm.nih.gov/pubmed/16770951
http://www.ncbi.nlm.nih.gov/pubmed/16770951
http://www.ncbi.nlm.nih.gov/pubmed/24065908
http://www.ncbi.nlm.nih.gov/pubmed/24065908
http://www.ncbi.nlm.nih.gov/pubmed/22123641
http://www.ncbi.nlm.nih.gov/pubmed/22123641
http://www.ncbi.nlm.nih.gov/pubmed/24135983
http://www.ncbi.nlm.nih.gov/pubmed/24135983
http://www.ncbi.nlm.nih.gov/pubmed/20410098
http://www.ncbi.nlm.nih.gov/pubmed/20410098
http://www.ncbi.nlm.nih.gov/pubmed/23230066
http://www.ncbi.nlm.nih.gov/pubmed/4186454
http://www.ncbi.nlm.nih.gov/pubmed/4186454
http://www.ncbi.nlm.nih.gov/pubmed/21083868
http://www.ncbi.nlm.nih.gov/pubmed/21083868
http://www.ncbi.nlm.nih.gov/pubmed/4588934
http://www.ncbi.nlm.nih.gov/pubmed/4588934
http://www.ncbi.nlm.nih.gov/pubmed/23843134
http://www.ncbi.nlm.nih.gov/pubmed/16782490
http://www.ncbi.nlm.nih.gov/pubmed/16782490
http://www.ncbi.nlm.nih.gov/pubmed/22089242
http://www.ncbi.nlm.nih.gov/pubmed/22089242
http://www.ncbi.nlm.nih.gov/pubmed/23168790
http://www.ncbi.nlm.nih.gov/pubmed/23168790
http://www.ncbi.nlm.nih.gov/pubmed/2248351
http://www.ncbi.nlm.nih.gov/pubmed/10433412
https://brightfutures.aap.org/pdfs/Other%203/SDQ%20Scoring%20Instructions%20(Parent%2C%20Teacher).pdf
https://brightfutures.aap.org/pdfs/Other%203/SDQ%20Scoring%20Instructions%20(Parent%2C%20Teacher).pdf
https://brightfutures.aap.org/pdfs/Other%203/SDQ%20Scoring%20Instructions%20(Parent%2C%20Teacher).pdf
http://www.ncbi.nlm.nih.gov/pubmed/11865266
http://www.ncbi.nlm.nih.gov/pubmed/17407463
http://www.ncbi.nlm.nih.gov/pubmed/17407463
http://www.ncbi.nlm.nih.gov/pubmed/24756128
http://www.ncbi.nlm.nih.gov/pubmed/10325437
http://www.ncbi.nlm.nih.gov/pubmed/12205258
http://www.ncbi.nlm.nih.gov/pubmed/19297460
http://www.ncbi.nlm.nih.gov/pubmed/19297460
http://www.ncbi.nlm.nih.gov/pubmed/19847185
http://www.ncbi.nlm.nih.gov/pubmed/19847185
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2015.0358

