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Abstract
Background: Children born preterm with very low birthweight (VLBW) face long- 
lasting neurodevelopmental challenges, where multidisciplinary assessments are war-
ranted. The International Classification of Functioning, Disability and Health (ICF) 
provides a framework for understanding and conceptualising these outcomes.
Objectives: We aimed to review clinical and neuroimaging findings from birth to 
adulthood in a Norwegian cohort of individuals born preterm with VLBW (gestational 
age <37 weeks, birthweight ≤1500 g) within the framework of ICF.
Data Sources: We searched PubMed and Embase for articles reporting results of 
the Norwegian University of Science and Technology (NTNU) Low Birth Weight in a 
Lifetime Perspective study.
Study Selection and Data Extraction: We included original articles reporting propor-
tions of adverse outcomes, mean group differences, risk factors or associations between 
outcomes. Data were extracted according to ICF's two- level classification. Body func-
tions and structures comprised outcomes of brain structures, cognition, mental health, 
vision, pain and physical health. Activities and participation comprised motor skills, gen-
eral and social functioning, education, employment, and health- related quality of life.
Synthesis: We performed a qualitative synthesis of included articles. Where mean 
(SD) was reported, we calculated group differences in SD units.
Results: Fifty- eight publications were included. Within body functions and structures, 
increased prevalence of brain structure pathology, lower cognitive performance, 
mental health problems, visual and physical health impairments through childhood, 
adolescence and young adulthood were reported among preterm VLBW participants 
compared with controls. Within activities and participation, motor problems, lower 
general and social functioning, and lower academic attainment were found. Perinatal 
factors were associated with several outcomes, and longitudinal findings suggested 
persistent consequences of being born preterm with VLBW.
Conclusions: Being born preterm with VLBW has long- term influences on body functions 
and structures, activities and participation. The ICF is appropriate for assessing general 
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1  |  BACKGROUND

Children born preterm with very low birthweight (VLBW) may face a 
spectrum of challenges.1 As the preterm brain is vulnerable to injury 
and developmental disturbances,2 the risk of later neurodevelopmen-
tal problems is substantial.3 This may include adverse cognitive abili-
ties,4 mental health,5,6 cardiometabolic7 and respiratory outcomes,8 
motor skills,9– 11 social functioning,12 and educational attainment.13 
With this broad range of possible adverse outcomes, multidisciplinary 
assessments are warranted. The first generations that survived fol-
lowing improvements in neonatal care of preterm birth in the 1980s 
are entering mid- adulthood, and there is increasing evidence that the 
various developmental problems may continue into adulthood.14,15

The International Classification of Functioning, Disability and 
Health (ICF) of the World Health Organization provides a scientific 
basis for understanding health and health- related states, outcomes 
and determinants, and changes in health functioning.16 This model 
brings forth a framework for better conceptualising the wide- ranging 
functional outcomes of preterm birth and the factors affecting them.1 
Within the ICF, a person's health functioning is multi- dimensionally 
related to body functions and structures, activities and participation, 
and personal and environmental factors. While body functions and 
structures refer to physiological functions of body systems and the 
anatomical parts of the body, activities concern the execution of 
tasks or actions, and participation involvement in a life situation.16

The Norwegian University of Science and Technology Low Birth 
Weight in a Lifetime Perspective (NTNU LBW Life) study was the 
first to examine the brain in a cohort of preterm children with mag-
netic resonance imaging (MRI).17 Furthermore, this prospective cohort 
study adopted a multidisciplinary approach that enables the long- term 
consequences of VLBW to be reviewed using the ICF model. In this 
systematic review, we present a qualitative synthesis of neuroimaging 
findings and clinical outcomes reported from the NTNU LBW Life study 
in childhood, adolescence and early adulthood. Within the framework 
of ICF, this systematic review aimed to describe (1) proportions of ad-
verse outcomes in individuals born preterm with VLBW, (2) mean group 
differences in outcomes compared with those born at term, and (3) risk 
factors for adverse outcomes and associations between outcomes.

2  |  METHODS

2.1  |  Data sources

A literature search was carried out by the first author (KAIE) in 
PubMed and Embase in collaboration with the Head librarian at the 
NTNU University Library. Relevant MeSH terms, Emtree terms and 

keywords were combined with the site of the study or authors AMB 
and JS who initiated the study, and MSI and KAIE, leading follow- 
ups in adolescence and young adulthood. The full search strategy is 
documented in Table S1.

2.2  |  Study selection and data extraction

Inclusion criteria were original peer- reviewed articles published 
in English reporting results of the VLBW cohort from Trondheim, 
Norway, born in 1986– 1988, in terms of proportions of adverse 
outcomes, mean values of outcomes compared with controls, risk 
factors for adverse outcomes or associations between outcomes. 
Exclusion criteria were systematic reviews or meta- analyses, con-
ference abstracts, editorials, letters and commentaries. KAIE 
and KADA screened titles and abstracts separately for eligibility. 
Disagreements were resolved by a discussion between the two re-
viewers. Next, full text of all included articles was assessed, and key 
characteristics were extracted, i.e. age at follow- up, aims, methods, 
reported outcomes, risk factors and associations.

domains of functioning and guiding the management of individuals born preterm with 
VLBW.

K E Y W O R D S
cognition, magnetic resonance imaging, mental health, motor skills, social functioning, very 
low birthweight

Synopsis

Study question

Using the International Classification of Functioning, 
Disability and Health framework, what are the rates of ad-
verse outcomes and mean group differences from infancy 
to adulthood for those born preterm with VLBW and term 
in a Norwegian cohort?

What's already known

Being born preterm with VLBW involves a high risk for 
neurodevelopmental difficulties that may continue into 
early adulthood.

What this study adds

Multidisciplinary and neuroimaging findings in a well- 
defined study population from birth to 28 years of age 
show that being born preterm with VLBW has persistent 
influences on brain, cognition, mental health, vision, pain, 
physical health, motor skills, general and social functioning, 
education and employment, and health- related quality of 
life representing various components of the International 
Classification of Functioning, Disability and Health.
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2.3  |  Synthesis

A qualitative synthesis of included articles was performed. Several 
articles presented outcomes within more than one domain or com-
ponent of the ICF. If more than one article reported the same out-
come, we used the results based on the larger sample. Where mean 
and standard deviation (SD) were given, we calculated group differ-
ences in SD units.

We grouped articles by their main outcome according to the 
two- level classification of the ICF (Table S2).16 The ICF has two 
parts, each with two components. Part 1 concerns functioning 
and disability, with the components of Body functions and struc-
tures and Activities and participation. Part 2 concerns contextual 
factors with the components of Environmental factors and Personal 
factors.16 Each component consists of various domains. Within 
Body functions and structures, we included outcomes of the brain 
as a structure of the nervous system and outcomes of cognition 
and mental health according to the mental functions chapter.16 
We included outcomes of vision and pain according to the chapter 
on sensory functions and pain, and outcomes of physical health 
according to chapters on cardiovascular and respiratory systems, 
and metabolic and endocrine systems, and neuromusculoskeletal 
and movement- related functions. Within Activities and participa-
tion, we included outcomes of motor skills according to the mobil-
ity chapter, physical activity as self- care, outcomes of general and 
social functioning according to chapters on general tasks and de-
mands, and interpersonal interactions and relationships. We fur-
ther included outcomes of education and employment according 
to the major life areas chapter.16 Health- related quality of life was 
classified according to the community, social and civic life chapter 
and the other chapters of Activities and participation, as this is an 
overarching concept.18

We included birthweight, gestational age, perinatal morbidity, 
i.e. Apgar scores, days to regain birthweight, intraventricular haem-
orrhage, days on mechanical ventilation and days spent in the neo-
natal intensive care unit, and sex as Personal factors that relate to 
the individual.16 Parental socioeconomic status (SES) and parental 
mental health were included as Environmental factors, which refer to 
all aspects of the external or extrinsic world that form the context of 
an individual's life and have an impact on that person's functioning.16

2.4  |  Ethics approval

The NTNU LBW Life study was approved by the Regional Committee 
for Medical and Health Research Ethics of Central Norway (78– 00, 
4.2005.2605 and 2013/636).19

3  |  RESULTS

The search resulted in 735 unique records (Figure 1), whereof 58 
articles were eligible for this review, published between 1992 and 

2019. Twenty- one articles gave proportions of adverse outcomes, 
38 reported mean values compared with controls and 50 reported 
risk factors or associations between outcomes (Table S3). Forty- nine 
articles reported main outcomes within Body functions and structures 
and 9 articles within Activities and participation (Figure 2).

The NTNU LBW Life study included a preterm born VLBW group, 
defined by a birthweight ≤1500 g, admitted to the neonatal intensive 
care unit at St. Olavs Hospital, Trondheim, in 1986– 88. A term born 
control group with birthweight ≥10th percentile adjusted for ges-
tational age, sex and parity, was born to mothers in a 10% random 
sample of pregnant women residing in the Trondheim area in 1986– 
88.19 Eligible for follow- up were 86 of 121 VLBW infants, and 118 of 
120 control infants, as 33 VLBW infants died in the neonatal period, 
and two infants in each group were excluded due to having a diag-
nosis of a syndrome or congenital anomaly.19 In the initial follow- ups 
in childhood, only the 1988 VLBW birth cohort was examined, later 
supplemented with the 1986 and 1987 VLBW birth cohorts for as-
sessment in adolescence and young adult age.19 Clinical assessment 
tools and different qualitative and quantitative MRI modalities used 
in the included articles are presented in Table 1.

3.1  |  Outcomes of body functions and structures

3.1.1  |  Brain

There were consistent findings of brain structure pathology from 
1– 6 years,20 where the proportions ranged from 29.6% for focal 
white matter lesions to 77.7% for more diffuse white matter devia-
tions in the VLBW group.17,21 At 15 years, the proportion with brain 
structure pathology was substantially higher (Figure 3),22 and corti-
cal surface area and brain structure volume smaller in the VLBW 
compared with the control group (Table 2).23 Also at 20 years, vol-
umes were smaller in the VLBW group.24 Cortical thickness and 
surface area decreased correspondingly in both groups from 15 to 
20 years.25 White matter integrity was poorer in the corpus callo-
sum, thalamus, cingulum, internal capsule, occipital white matter 
and the major white matter tracts in the VLBW group at 1526 and 
20 years.27

3.1.2  |  Cognition

At 5, 14 and 19 years, full IQ, verbal and performance IQ were lower 
in the VLBW compared with the control group (Table 2).19,28– 30 An 
IQ <1SD of the control group mean was seen in about half of the 
VLBW participants, and IQ <70 was found only in the VLBW group 
(Figure 3).28 Poor performance (<2SD) on at least one attention or 
executive function test was found in three of four VLBW partici-
pants at 14 years.29 Visual- motor integration was poorer at 1430 and 
19 years31 compared with controls. Memory, attention and execu-
tive function test scores were lower in the VLBW than in the control 
group at 19 years.32,33
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3.1.3  |  Mental health

Using structured clinical interviews, the proportion of psychi-
atric disorders was higher in the VLBW group at 14,34 1935 and 
26 years36 compared with the control group (Figure 3). High psy-
chiatric morbidity increased from 14 to 19 years37 and further 
to 26 years.36 Anxiety disorders were most prevalent across the 
ages,34– 36 and mood disorders and body dysmorphic disorder 
were also present at 26 years.36 On screening questionnaires, 
more mental health problems in the VLBW group were reported 
by mothers and teachers at 14 years (Table 2),38 and more inter-
nalising problems among VLBW participants compared with con-
trols by self- report at 19 years.39 At 26 years, a higher proportion 
reported borderline/clinical mental health problems in the VLBW 

than in the control group (Figure 3).19 Higher attention screening 
scores were reported by teachers at 14 years for the VLBW com-
pared with the control group,34 and attention deficit hyperactiv-
ity disorder was diagnosed more often at 19 years.35 Screening 
for autism spectrum traits showed a higher parent- reported sum 
score at 14 years,34 and self- reported autism spectrum quotient 
scores were higher at 1939 and 26 years19 compared with controls 
(Table 2 and Figure 3).

3.1.4  |  Vision

Near and distance visual acuity were poorer among VLBW par-
ticipants at 14 years compared with controls (Table 2).40 A higher 

F I G U R E  1  Flowchart for selection 
of articles from the NTNU Low Birth 
Weight in a Lifetime Perspective 
study. Abbreviations: NTNU LBW Life, 
Norwegian University of Science and 
Technology Low Birth Weight in a 
Lifetime Perspective study
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proportion of VLBW adolescents than controls had poor distance 
visual acuity and abnormal contrast sensitivity (Figure 3).40 Poor 
stereopsis and convergence, latent or manifest strabismus and 
nystagmus were all more frequent in the VLBW than in the control 
group.41 None of the children had received treatment for retinopa-
thy of prematurity.40

3.1.5  |  Pain

More VLBW participants reported moderate to very severe pain in 
the past four weeks compared with controls at 19 and 26 years.42 
The prevalence did not increase between these two ages, 42 nei-
ther did the prevalence of chronic pain from 26 to 28 years.43

3.1.6  |  Physical health

The VLBW adolescents were shorter and lighter than controls, but 
their body mass index did not differ.44,45 Examination of pulmo-
nary function and cardiorespiratory fitness at 18 years showed 
that forced expiratory volume and maximal oxygen uptake were 
lower, and systolic blood pressure higher, in the VLBW group 
compared with controls.45 At 26 years, both systolic and diastolic 
blood pressure were higher in the VLBW group (Table 2).46 At 
this age, the proportions of VLBW participants with osteopenia 

and osteoporosis were higher than among controls (Figure 3).47 
Mean bone mineral content and density47 and insulin sensitivity 
were lower, while HbA1c and insulin resistance were higher in the 
VLBW group.46

3.1.7  |  Neuromusculoskeletal and movement- 
related functions

At 14 years of age, 11% of the participating VLBW adolescents had 
cerebral palsy compared with none of the controls (Figure 3).44

3.2  |  Outcomes of activities and participation

3.2.1  |  Motor skills

Proportions of motor problems were higher (Figure 3) and scores 
on the standardised motor tests poorer (Table 2) in the VLBW than 
in the control group at 1, 5 and 14 years.44,48 This was evident 
in both total test scores and subscores of manual dexterity, ball 
skills and balance scores at 1444 and 23 years.49 Motor problems at 
14 years were predicted by low motor scores at 1 and 5 years,48 and 
the proportion of participants with motor problems did not change 
between 14 and 23 years.49 Scores on the Grooved Pegboard with 
both dominant and non- dominant hand were poorer in VLBW 

F I G U R E  2  Main outcomes reported in articles of the NTNU Low Birth Weight in a Lifetime Perspective study according to the 
International Classification of Functioning, Disability and Health. Abbreviations: ICF, International Classification of Functioning, Disability 
and Health; NTNU, Norwegian University of Science and Technology; VLBW, very low birthweight



    |  611EVENSEN Et al.

TA
B

LE
 1

 
C

lin
ic

al
 a

ss
es

sm
en

t t
oo

ls
 a

nd
 n

eu
ro

im
ag

in
g 

m
od

al
iti

es
 u

se
d 

in
 a

rt
ic

le
s 

of
 th

e 
N

TN
U

 L
ow

 B
irt

h 
W

ei
gh

t i
n 

a 
Li

fe
tim

e 
Pe

rs
pe

ct
iv

e 
st

ud
y 

ac
co

rd
in

g 
to

 th
e 

In
te

rn
at

io
na

l C
la

ss
ifi

ca
tio

n 
of

 
Fu

nc
tio

ni
ng

, D
is

ab
ili

ty
 a

nd
 H

ea
lth

A
ge

 a
t 

fo
llo

w
- u

p

Bo
dy

 fu
nc

tio
ns

 a
nd

 s
tr

uc
tu

re
s

A
ct

iv
iti

es
 a

nd
 p

ar
tic

ip
at

io
n

Br
ai

n
Co

gn
iti

on
M

en
ta

l h
ea

lth
Se

ns
or

y 
fu

nc
tio

ns
 (v

is
io

n)
 

an
d 

pa
in

Ph
ys

ic
al

 h
ea

lth
M

ot
or

 s
ki

lls

G
en

er
al

 a
nd

 
so

ci
al

 fu
nc

tio
ni

ng
, 

H
RQ

oL

1 
ye

ar
M

RI
 1

.5
Ta , T

ou
w

en
 

ne
ur

ol
og

ic
al

 
ex

am
in

at
io

n17

BS
ID

 M
D

I, 
D

D
ST

 L
an

gu
ag

e 
an

d 
Pe

rs
on

al
/S

oc
ia

l54
H

ea
d 

ci
rc

um
fe

re
nc

e,
 

w
ei

gh
t58

BS
ID

 P
D

I, 
D

D
ST

 
Fi

ne
 a

nd
 G

ro
ss

 
m

ot
or

54

5–
 6 

ye
ar

s
M

RI
 1

.5
Ta , T

ou
w

en
 

ne
ur

ol
og

ic
al

 
ex

am
in

at
io

n21

W
PP

SI
- R

21
Su

bs
ca

le
s 

of
 P

D
M

S21

14
– 1

5 
ye

ar
s

M
RI

 1
.5

Tb ,22
,2

3  D
TI

, 
vo

xe
l- w

is
e 

st
at

is
tic

al
 

an
al

ys
is

,26
 M

RS
81

Su
bt

es
ts

 o
f W

IS
C-

 III
, K

no
x 

C
ub

e,
 C

PT
, S

tr
oo

p,
 

W
C

ST
, T

M
T 

A
 &

 B
,29

 
V

M
I-

 IV
,30

 d
ic

ho
tic

 
lis

te
ni

ng
66

K
SA

D
S,

 A
D

H
D

- R
, 

A
SS

Q
,34

 A
SE

BA
 

C
BC

L/
TR

F/
YS

R,
 

SD
Q

38

V
is

ua
l a

cu
ity

, c
on

tr
as

t 
se

ns
iti

vi
ty

,40
 s

tr
ab

is
m

us
, 

co
nv

er
ge

nc
e,

 
ac

co
m

m
od

at
io

n,
 

st
er

eo
ps

is
, n

ys
ta

gm
us

, 
sa

cc
ad

es
, s

m
oo

th
 

pu
rs

ui
t41

H
ea

d 
ci

rc
um

fe
re

nc
e,

 
he

ig
ht

, w
ei

gh
t44

M
ov

em
en

t A
BC

,44
 

G
P,

50
 In

te
r-

  a
nd

 
in

tr
am

od
al

 
m

at
ch

in
g 

ta
sk

 82

C
H

Q
- C

F,
 C

H
Q

- P
F,

 
SC

L-
 90

- R
,52

 
CG

A
S,

34
 P

BI
52

18
– 2

0 
ye

ar
s

M
RI

 1
.5

Tb , F
re

eS
ur

fe
r, 

D
TI

, T
BS

S27
W

A
IS

- I
II,

28
 B

RI
EF

- A
,83

 
C

PT
, D

es
ig

n 
an

d 
Ve

rb
al

 
Fl

ue
nc

y,
 T

M
T 

1–
 5,

 
PA

SA
T,

 T
ow

er
, S

tr
oo

p,
33

 
V

M
I- V

,31
 W

M
S-

 III
32

K
SA

D
S,

 A
D

H
D

- R
,35

 
A

SE
BA

 A
SR

, 
AQ

39

H
ea

d 
ci

rc
um

fe
re

nc
e,

 
he

ig
ht

, w
ei

gh
t, 

w
ai

st
 

ci
rc

um
fe

re
nc

e,
 

sk
in

fo
ld

 th
ic

kn
es

s,
 

bl
oo

d 
pr

es
su

re
c , 

flo
w

- m
ed

ia
te

d 
di

la
ta

tio
n 

of
 b

ra
ch

ia
l 

ar
te

ry
, s

pi
ro

m
et

ry
, 

m
ax

im
al

 o
xy

ge
n 

up
ta

ke
45

CG
A

S,
35

 S
PP

A-
 R,

 
SF

- 3
639

23
 ye

ar
s

M
RI

 3
Td , F

re
eS

ur
fe

r, 
D

TI
,67

 fM
RI

,56
 

EE
G

e8
4

A
da

pt
ed

 N
ot

 X
- C

PT
 fo

r 
fM

RI
,56

 a
da

pt
ed

 c
ue

d 
go

/n
o-

 go
 ta

sk
 fo

r E
EG

84

A
SE

BA
 A

SR
, B

D
I53

H
ea

d 
ci

rc
um

fe
re

nc
e,

 
he

ig
ht

, w
ei

gh
t49

M
ov

em
en

t A
BC

- 2
, 

G
P,

 T
M

T 
5,

 
H

iM
AT

49

SF
- 3

653

(C
on

tin
ue

s)



612  |    EVENSEN Et al.

A
ge

 a
t 

fo
llo

w
- u

p

Bo
dy

 fu
nc

tio
ns

 a
nd

 s
tr

uc
tu

re
s

A
ct

iv
iti

es
 a

nd
 p

ar
tic

ip
at

io
n

Br
ai

n
Co

gn
iti

on
M

en
ta

l h
ea

lth
Se

ns
or

y 
fu

nc
tio

ns
 (v

is
io

n)
 

an
d 

pa
in

Ph
ys

ic
al

 h
ea

lth
M

ot
or

 s
ki

lls

G
en

er
al

 a
nd

 
so

ci
al

 fu
nc

tio
ni

ng
, 

H
RQ

oL

26
– 2

8 
ye

ar
s

M
RI

 3
Tf , F

re
eS

ur
fe

r, 
D

TI
, T

R
AC

U
LA

85
M

.I.
N

.I.
 P

lu
s,

36
 

A
SE

BA
 A

SR
, A

Q
, 

PD
I- 2

119

Se
lf-

 re
po

rt
 o

f p
ai

n,
42

,4
3  

qu
an

tit
at

iv
e 

se
ns

or
y 

te
st

in
g43

H
ei

gh
t, 

w
ei

gh
t, 

w
ai

st
 a

nd
 h

ip
 

ci
rc

um
fe

re
nc

e,
 

sk
in

fo
ld

 th
ic

kn
es

s,
 

bl
oo

d 
pr

es
su

re
c ,46

 
D

X
A

g ,47
 g

lu
co

se
 

m
et

ab
ol

ite
s,

 li
pi

d 
pr

of
ile

46

G
A

F36

A
bb

re
vi

at
io

ns
: A

D
H

D
- R

, A
tt

en
tio

n 
D

ef
ic

it 
H

yp
er

ac
tiv

ity
 D

is
or

de
r R

at
in

g 
Sc

al
e—

 Fo
ur

th
 e

di
tio

n;
 A

Q
, a

ut
is

m
 s

pe
ct

ru
m

 q
uo

tie
nt

; A
SE

BA
, A

ch
en

ba
ch

 S
ys

te
m

 o
f E

m
pi

ric
al

ly
 B

as
ed

 A
ss

es
sm

en
t; 

A
SR

, A
du

lt 
Se

lf-
 Re

po
rt

; A
SS

Q
, A

ut
is

m
 S

pe
ct

ru
m

 S
cr

ee
ni

ng
 Q

ue
st

io
nn

ai
re

; B
D

I, 
Be

ck
 D

ep
re

ss
io

n 
In

ve
nt

or
y;

 B
RI

EF
- A

, B
eh

av
io

ur
 R

at
in

g 
In

ve
nt

or
y 

of
 E

xe
cu

tiv
e 

Fu
nc

tio
n—

 A
du

lt 
ve

rs
io

n;
 B

SI
D

, B
ay

le
y 

Sc
al

es
 o

f I
nf

an
t 

D
ev

el
op

m
en

t; 
C

BC
L,

 C
hi

ld
 B

eh
av

io
ur

 C
he

ck
lis

t; 
C

F,
 C

hi
ld

 F
or

m
; C

G
A

S,
 C

hi
ld

re
n'

s 
G

lo
ba

l A
ss

es
sm

en
t S

ca
le

; C
H

Q
, C

hi
ld

 H
ea

lth
 Q

ue
st

io
nn

ai
re

; C
PT

, C
on

ne
rs

 C
on

tin
uo

us
 P

er
fo

rm
an

ce
 T

es
t; 

D
D

ST
, D

en
ve

r 
D

ev
el

op
m

en
ta

l S
cr

ee
ni

ng
 T

es
t; 

D
TI

, d
iff

us
io

n 
te

ns
or

 im
ag

in
g;

 D
X

A
, d

ua
l x

- r
ay

 a
bs

or
pt

io
m

et
ry

; E
EG

, e
le

ct
ro

en
ce

ph
al

og
ra

ph
y;

 fM
RI

, f
un

ct
io

na
l m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g;

 G
A

F,
 G

lo
ba

l A
ss

es
sm

en
t o

f 
Fu

nc
tio

ni
ng

; G
P,

 G
ro

ov
ed

 P
eg

bo
ar

d;
 H

iM
AT

, H
ig

h-
 Le

ve
l M

ob
ili

ty
 A

ss
es

sm
en

t T
oo

l; 
H

RQ
oL

, h
ea

lth
- r

el
at

ed
 q

ua
lit

y 
of

 li
fe

; K
SA

D
S,

 K
id

di
e 

Sc
he

du
le

 fo
r A

ff
ec

tiv
e 

D
is

or
de

rs
 a

nd
 S

ch
iz

op
hr

en
ia

; M
.I.

N
.I.

 P
lu

s,
 

M
in

i- I
nt

er
na

tio
na

l N
eu

ro
ps

yc
hi

at
ric

 In
te

rv
ie

w
; M

D
I, 

M
en

ta
l D

ev
el

op
m

en
t I

nd
ex

; M
ov

em
en

t A
BC

- 2
, M

ov
em

en
t A

ss
es

sm
en

t B
at

te
ry

 fo
r C

hi
ld

re
n—

 Se
co

nd
 e

di
tio

n;
 M

ov
em

en
t A

BC
, M

ov
em

en
t A

ss
es

sm
en

t 
Ba

tt
er

y 
fo

r C
hi

ld
re

n;
 M

RI
, m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g;

 M
RS

, m
ag

ne
tic

 re
so

na
nc

e 
sp

ec
tr

os
co

py
; N

TN
U

, N
or

w
eg

ia
n 

U
ni

ve
rs

ity
 o

f S
ci

en
ce

 a
nd

 T
ec

hn
ol

og
y;

 P
A

SA
T,

 P
ac

ed
 A

ud
ito

ry
 S

er
ia

l A
dd

iti
on

 T
es

t; 
PB

I, 
Pa

re
nt

al
 B

on
di

ng
 In

st
ru

m
en

t; 
PD

I- 2
1,

 T
he

 2
1-

 ite
m

 P
et

er
s 

et
 a

l. 
D

el
us

io
ns

 In
ve

nt
or

y;
 P

D
I, 

Ps
yc

ho
m

ot
or

 D
ev

el
op

m
en

t I
nd

ex
; P

D
M

S,
 P

ea
bo

dy
 D

ev
el

op
m

en
ta

l M
ot

or
 S

ca
le

s;
 P

F,
 P

ar
en

t F
or

m
; S

C
L-

 90
- R

, 
Sy

m
pt

om
 C

he
ck

lis
t- 9

0-
 Re

vi
se

d;
 S

D
Q

, S
tr

en
gt

hs
 a

nd
 D

iff
ic

ul
tie

s 
Q

ue
st

io
nn

ai
re

; S
F-

 36
, S

ho
rt

 F
or

m
 3

6 
H

ea
lth

 S
ur

ve
y;

 S
PP

A-
 R,

 S
el

f-
 Pe

rc
ep

tio
n 

Pr
of

ile
 fo

r A
do

le
sc

en
ts

—
 Re

vi
se

d;
 S

tr
oo

p,
 S

tr
oo

p 
C

ol
or

 a
nd

 
W

or
d 

Te
st

; T
BS

S,
 T

ra
ct

- b
as

ed
 s

pa
tia

l s
ta

tis
tic

s;
 T

M
T,

 T
ra

il 
M

ak
in

g 
Te

st
; T

R
AC

U
LA

, T
R

A
ct

s 
C

on
st

ra
in

ed
 b

y 
U

nd
er

Ly
in

g 
A

na
to

m
y;

 T
RF

, T
ea

ch
er

 R
ep

or
t F

or
m

; V
M

I-
 IV

, B
ee

ry
- B

uk
te

ni
ca

 D
ev

el
op

m
en

ta
l T

es
t 

of
 V

is
ua

l- M
ot

or
 In

te
gr

at
io

n—
 Fo

ur
th

 e
di

tio
n;

 V
M

I- V
, B

ee
ry

- B
uk

te
ni

ca
 D

ev
el

op
m

en
ta

l T
es

t o
f V

is
ua

l- M
ot

or
 In

te
gr

at
io

n—
  F

ift
h 

ed
iti

on
; W

A
IS

- I
II,

 W
ec

hs
le

r A
du

lt 
In

te
lli

ge
nc

e 
Sc

al
e—

 Th
ird

 e
di

tio
n;

 W
C

ST
, 

W
is

co
ns

in
 C

ar
d 

So
rt

in
g 

Te
st

; W
IS

C-
 III

, W
ec

hs
le

r I
nt

el
lig

en
ce

 S
ca

le
 fo

r C
hi

ld
re

n—
 Th

ird
 e

di
tio

n;
 W

M
S-

 III
, W

ec
hs

le
r M

em
or

y 
Sc

al
e—

 Th
ird

 e
di

tio
n;

 W
PP

SI
- R

, W
ec

hs
le

r P
re

sc
ho

ol
 a

nd
 P

rim
ar

y 
Sc

al
e 

of
 

In
te

lli
ge

nc
e—

 Re
vi

se
d;

 Y
SR

, Y
ou

th
 S

el
f-

 Re
po

rt
.

a Ph
ill

ip
s 

G
yr

os
ca

n 
S 

15
.

b Si
em

en
s 

M
ag

ne
to

n 
Sy

m
ph

on
y 

So
na

ta
.

c C
rit

ic
ar

e 
50

7 
N

.
d Si

em
en

s 
Tr

io
.

e 21
- c

ha
nn

el
 M

its
ar

 E
EG

 s
ys

te
m

.
f Si

em
en

s 
Sk

yr
a.

g H
ol

og
ic

 D
is

co
ve

ry
 A

 S
/N

 8
38

17
.

TA
B

LE
 1

 
(C

on
tin

ue
d)



    |  613EVENSEN Et al.

adolescents50 and young adults.49 At 23 years, the VLBW partici-
pants also had poorer performance in more advanced gross motor 
skills.49

3.2.2  |  Physical activity

At 26 years, VLBW participants reported less physical activity and 
exercise intensity than controls (Table 2).46

3.2.3  |  General and social functioning

At 14 years, the odds of having suboptimal general functioning, i.e. 
scores <80 on the Children's Global Assessment Scale, were al-
most eight times increased in the VLBW compared with the control 

group,34 and the odds of being bullied were six times increased.51 
Scores of general functioning were lower at 14, 19 and 26 years 
(Table 2).34– 36

The VLBW adolescents and their mothers reported lower so-
cial competence at 14 years38 and lower friends score at 19 years39 
compared with controls. At this age, they also reported lower self- 
esteem for athletic competence.39

3.2.4  |  Education and employment

At 14 years, one- third of the VLBW adolescents received special edu-
cational services at school and lower scores for academic performance 
were reported by the adolescents themselves, their mothers and 
teachers.38 Almost half of the 19- year- old VLBW participants, twice as 
many as the controls, were in vocational education and training instead 

F I G U R E  3  Proportions of adverse 
outcomes reported in articles of the 
NTNU Low Birth Weight in a Lifetime 
Perspective study in the VLBW (solid bars) 
and control group (shaded bars) according 
to the International Classification of 
Functioning, Disability and Health. 
Abbreviations: NTNU, Norwegian 
University of Science and Technology; 
SD, standard deviation; VLBW, very low 
birthweight
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TA B L E  3  Risk factors for adverse outcomes and associations between outcomes in the preterm VLBW group reported in articles of the 
NTNU Low Birth Weight in a Lifetime Perspective study according to the International Classification of Functioning, Disability and Health

Body functions and structures Activities and participation

Brain Cognition Mental health Physical health

Pain

Motor skills
General and social functioning, 
HRQoL

MRI 
pathology Volume Surface area FA MRS DL IQ WMS- III PASAT Not X- CPT BRIEF- A KSADS

ASEBA 
ASR SDQ

Bone 
quality

BP/
Metabolic PDMS

Movement 
ABC

Special 
education Bullied SF- 36

Contextual factors

Personal factors

BW 1 year54 15 years23,30

20 years24,32
15 years23

20 years55
20 years27 19 years28 19 years32 14 years57

GA 1 year54 15 years23

20 years26
20 years55 20 years27 23 years56 14 years57 26 years19 26 years46

Apgar score 1 year54 19 years33 14 years57

Days to BW 
regain

15 years30 15 years23

IVH 26 years19

Days on 
ventilator

1 year54 20 years24 15 years23 20 years27 19 years32 26 years19 28 years43

Days in NICU 20 years24,32 20 years55 20 years27 19 years28 19 years32 26 years19 28 years43

Sex 26 years46

Environmental factors

Parental SES 19 years35 14 years38

Body functions and structures

Brain

MRI pathology 1– 6 years20

Volume 15– 20 years24

Surface area 15– 20 years25

Cognition

BSID MDI 1 years54

IQ 6 years21 15 years23,30

20 years24
15 years23,50

20 years55,61
15 years59

20 years27
15 years60 14 years66 23 years56 14 years51

Attention 19 years33

Executive 
function

19 years33 19 years33

WCST 15 years62 15 years23 15 years63 15 years60

WMS- III 20 years32

Stroop 15 years62 14 years66 19 years83

TMT 2– 4 19 years83

CPT 14 years66

VMI- IV/V 15 years30 15 years50

20 years31
15 years59

20 years31
15 years60

Mental health

KSADS 14- 19 years37 14 years38 14 years38

M.I.N.I. Plus 14– 19- 26 years36

ADHD- R 15 years65 15 years59 14 years66 14 years51

ASSQ 14 years51

ASEBA ASR 23 years56

Vision 15 years64 14 years68

Pain 19- 26 years42

26- 28 years43

(Continues)
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TA B L E  3  Risk factors for adverse outcomes and associations between outcomes in the preterm VLBW group reported in articles of the 
NTNU Low Birth Weight in a Lifetime Perspective study according to the International Classification of Functioning, Disability and Health
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of higher education.28 At 26 years, fewer VLBW than control partici-
pants had completed high school and one- fifth of the VLBW partici-
pants were unemployed or received disability benefits (Figure 3).36

3.2.5  |  Health- related quality of life

At 14 years, there were no group differences in self- reported global 
health, while the parents reported lower psychosocial health for 
the VLBW adolescents compared with controls.52 At 19 years, the 
VLBW group reported poorer mental health- related quality of life.39 
Moreover, up to 23 years, both physical and mental health- related 
quality of life declined in the VLBW group.53

3.3  |  Risk factors and associations 
between outcomes

3.3.1  |  Personal and environmental factors

In the VLBW group, lower birthweight and/or gestational age were 
associated with brain structure pathology at 1 year,54 smaller brain 
volumes23,24,30,32 and cortical surface area23,55 at 15 and 20 years and 
poorer white matter integrity at 20 years (Table 3).27 Furthermore, 
lower birthweight and/or gestational age were associated with lower 
IQ at 19 years,28 poorer performance on a functional MRI task of adap-
tive control at 23 years,56 higher systolic and diastolic blood pressure 
and metabolic syndrome score at 26 years,46 and more psychiatric 

Body functions and structures Activities and participation

Brain Cognition Mental health Physical health

Pain

Motor skills
General and social functioning, 
HRQoL

MRI 
pathology Volume Surface area FA MRS DL IQ WMS- III PASAT Not X- CPT BRIEF- A KSADS

ASEBA 
ASR SDQ

Bone 
quality

BP/
Metabolic PDMS

Movement 
ABC

Special 
education Bullied SF- 36

Physical health

Anthropometry 1- 15 years23 1- 15 years23 1- 6 years58 0- 14 years57 1- 26 years47 1- 6 years58 14 years44

Metabolic 
syndrome

26 years46

Activities and participation

Motor skills

BSID PDI 1 years54 1- 14 years48

DDST Gross 1 years54

PDMS 6 years21,58 5- 14 years48

GP 15 years50 15 years59

23 years67
23 years53

TMT 5 23 years53 23 years53

Movement ABC 15 years59

23 years67
14- 23 years49 14 years51 23 years53

HiMAT 23 years53

General and social functioning, HRQoL

CGAS 15 years69,70

19 years69,70
15 years59 15 years60

SF- 36 20- 23 years5

Abbreviations: ADHD- R, Attention Deficit Hyperactivity Disorder Rating Scale— Fourth edition; ASEBA, Achenbach System of Empirically Based 
Assessment; ASR, Adult Self- Report; ASSQ, Autism Spectrum Screening Questionnaire; BP, blood pressure; BRIEF- A, Behaviour Rating Inventory 
of Executive Function— Adult version; BSID, Bayley Scales of Infant Development; BW, birthweight; CGAS, Children's Global Assessment Scale; 
CPT, Conners Continuous Performance Test; DDST, Denver Developmental Screening Test; DL, dichotic listening; FA, fractional anisotropy; 
GA, gestational age; GP, Grooved Pegboard; HiMAT, High- Level Mobility Assessment Tool; HRQoL, health- related quality of life; IQ, intelligence 
quotient; IVH, intraventricular hemorrhage; KSADS, Kiddie Schedule for Affective Disorders and Schizophrenia; M.I.N.I. Plus, Mini- International 
Neuropsychiatric Interview; MDI, Mental Development Index; Movement ABC, Movement Assessment Battery for Children; MRI, magnetic 
resonance imaging; MRS, magnetic resonance spectroscopy; NICU, neonatal intensive care unit; NTNU, Norwegian University of Science and 
Technology; PASAT, Paced Auditory Serial Addition Test; PDI, Psychomotor Development Index; PDMS, Peabody Developmental Motor Scales; SDQ, 
Strengths and Difficulties Questionnaire; SES, socioeconomic status; SF- 36, Short Form 36 Health Survey; Stroop, Stroop Color and Word Test; TMT, 
Trail Making Test; VLBW, very low birthweight; VMI- IV, Beery- Buktenica Developmental Test of Visual- Motor Integration— Fourth edition; VMI- V, 
Beery- Buktenica Developmental Test of Visual- Motor Integration— Fifth edition; WCST, Wisconsin Card Sorting Test; WMS- III, Wechsler Memory 
Scale— Third edition.
Grey shaded areas indicate significant associations.
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diagnoses and symptoms at 1457 and 26 years.19 Perinatal morbidity 
was associated with brain structure pathology at 1 year,54 brain vol-
umes at 15 years,24,30,32 cortical surface area at 1523 and 20 years,55 
white matter integrity at 20 years,27 IQ28 and neuropsychological test 
scores33 at 19 years, psychiatric problems at 14 years,57 self- reported 
mental health problems at 26 years,19 and pain scores at 28 years.43

In the control group, more boys than girls had symptoms of at-
tention deficit hyperactivity disorder,34 attention and externalis-
ing problems,38 but this was not the case in the VLBW group. At 
26 years, VLBW males were shorter than control males,47 while sys-
tolic and diastolic blood pressure were higher and lean body mass 
lower in VLBW females than in control females.46

At 14 years, adjustment for parental SES both increased and de-
creased the odds of having total mental health problems reported by 
mothers and fathers, respectively,38 and at 19 years, decreased the odds 
for psychiatric morbidity.35 Parents of VLBW adolescents experienced 
increased emotional burden, but they did not have more mental health 
problems than others.52 Parental mental health was not associated with 
the VLBW participants having a psychiatric disorder at 26 years.36

3.3.2  |  Body functions and structures

Smaller head circumference at 1 year was associated with smaller 
brain volume and surface area,23 and psychiatric problems57 at 14– 
15 years. Both smaller head circumference and lower body weight 
at 1 year were associated with lower IQ at 6 years.58 Weight gain at 
1 year correlated with bone mineral content and density at 26 years47 

and metabolic syndrome score were associated with bone mineral 
density at 26 years.46

Lower cognitive scores were associated with brain structure pa-
thology at 1 year.54 IQ was associated with brain structure pathol-
ogy at 6 years,21 brain volumes,23,30 surface area,23,50 white matter 
integrity59 and spectroscopy findings60 at 15 years, and brain vol-
umes,24 surface area55,61 and white matter integrity27 at 20 years. 
Furthermore, poorer performance on several neuropsychological 
tests was associated with brain structure pathology,62 smaller brain 
volumes30,32 and surface area,31,33,50 poorer white matter integ-
rity31,59,63 and spectroscopy findings60 at 15 and 20 years. Poorer 
white matter integrity of corpus callosum and frontal white matter 
areas were associated with lower visual acuity at 15 years.64

Symptoms of attention deficit hyperactivity disorder were asso-
ciated with brain structure pathology,65 white matter integrity59 and 
dichotic listening scores66 at 14– 15 years. At 23 years, self- reported 
anxiety problems and poorer mental health were associated with 
performance on a functional MRI task of adaptive control56 and 
lower motor speed.53

3.3.3  |  Activities and participation

Motor test scores were associated with brain structure pathology at 
154 and 6 years,21,58 surface area at 15 years,50 and white matter in-
tegrity at 1559 and 23 years.67 Smaller head circumference and lower 
body weight at 1 year predicted lower motor scores at 6 years,58 
while higher weight in adolescence was associated with poorer 

Body functions and structures Activities and participation

Brain Cognition Mental health Physical health

Pain

Motor skills
General and social functioning, 
HRQoL

MRI 
pathology Volume Surface area FA MRS DL IQ WMS- III PASAT Not X- CPT BRIEF- A KSADS

ASEBA 
ASR SDQ

Bone 
quality

BP/
Metabolic PDMS

Movement 
ABC

Special 
education Bullied SF- 36

Physical health

Anthropometry 1- 15 years23 1- 15 years23 1- 6 years58 0- 14 years57 1- 26 years47 1- 6 years58 14 years44

Metabolic 
syndrome

26 years46

Activities and participation

Motor skills

BSID PDI 1 years54 1- 14 years48

DDST Gross 1 years54

PDMS 6 years21,58 5- 14 years48

GP 15 years50 15 years59

23 years67
23 years53

TMT 5 23 years53 23 years53

Movement ABC 15 years59

23 years67
14- 23 years49 14 years51 23 years53

HiMAT 23 years53

General and social functioning, HRQoL

CGAS 15 years69,70

19 years69,70
15 years59 15 years60

SF- 36 20- 23 years5

Abbreviations: ADHD- R, Attention Deficit Hyperactivity Disorder Rating Scale— Fourth edition; ASEBA, Achenbach System of Empirically Based 
Assessment; ASR, Adult Self- Report; ASSQ, Autism Spectrum Screening Questionnaire; BP, blood pressure; BRIEF- A, Behaviour Rating Inventory 
of Executive Function— Adult version; BSID, Bayley Scales of Infant Development; BW, birthweight; CGAS, Children's Global Assessment Scale; 
CPT, Conners Continuous Performance Test; DDST, Denver Developmental Screening Test; DL, dichotic listening; FA, fractional anisotropy; 
GA, gestational age; GP, Grooved Pegboard; HiMAT, High- Level Mobility Assessment Tool; HRQoL, health- related quality of life; IQ, intelligence 
quotient; IVH, intraventricular hemorrhage; KSADS, Kiddie Schedule for Affective Disorders and Schizophrenia; M.I.N.I. Plus, Mini- International 
Neuropsychiatric Interview; MDI, Mental Development Index; Movement ABC, Movement Assessment Battery for Children; MRI, magnetic 
resonance imaging; MRS, magnetic resonance spectroscopy; NICU, neonatal intensive care unit; NTNU, Norwegian University of Science and 
Technology; PASAT, Paced Auditory Serial Addition Test; PDI, Psychomotor Development Index; PDMS, Peabody Developmental Motor Scales; SDQ, 
Strengths and Difficulties Questionnaire; SES, socioeconomic status; SF- 36, Short Form 36 Health Survey; Stroop, Stroop Color and Word Test; TMT, 
Trail Making Test; VLBW, very low birthweight; VMI- IV, Beery- Buktenica Developmental Test of Visual- Motor Integration— Fourth edition; VMI- V, 
Beery- Buktenica Developmental Test of Visual- Motor Integration— Fifth edition; WCST, Wisconsin Card Sorting Test; WMS- III, Wechsler Memory 
Scale— Third edition.
Grey shaded areas indicate significant associations.
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motor scores at 14 years.44 Motor problems were partly explained 
by visual impairments at 14 years.68

General functioning was associated with white matter integrity59 
and spectroscopy findings at 15 years60 and brain volumes at 15 and 
19 years.69,70 Special education was associated with lower scores on 
attention and executive function tests at 19 years.33 Higher odds of 
being bullied were associated with low IQ, motor problems, symp-
toms of attention deficit hyperactivity disorder and autism spectrum 
traits at 14 years,51 and health- related quality of life was associated 
with motor scores at 23 years.53

4  |  COMMENT

4.1  |  Principal findings

In this systematic review, we used the ICF framework to report 
neuroimaging findings and clinical outcomes of the NTNU LBW Life 
study from childhood through adolescence and into young adult age. 
Within Body functions and structures, we found that preterm born 
VLBW adolescents had an increased risk of abnormal cerebral MRI 
findings and poorer cognitive function, mental and physical health. 
Within Activities and participation, we have documented challenges 
in motor skills, general and social functioning, and education and 
employment, across adolescence and young adulthood, including 
declining health- related quality of life from adolescence through the 
twenties. Lower birthweight and gestational age, and perinatal mor-
bidity were risk factors for adverse outcomes.

4.2  |  Strengths of the study

The main strength of this systematic review is the synthesis of a 
prospective longitudinal multidisciplinary follow- up of a defined 
study population over three decades, assessing a broad spectrum of 
health. The literature search was carried out in two databases and 
records were screened independently by two authors, one without 
prior knowledge of the NTNU LBW Life study (KADA). Included 
articles were published in international peer- reviewed journals. 
Neuroimaging was performed with state- of- the- art methods, psy-
chiatric diagnoses were set by clinicians using acknowledged semi- 
structured interviews, and standardised clinical assessment tools 
were age- appropriate and consistent with current recommenda-
tions.71 The use of ICF as a framework developed to provide a broad 
perspective of health and interrelated functions,16 draws attention 
to other aspects of functioning than just a narrow bodily perspective.

4.3  |  Limitations of the data

Within the ICF, it may be difficult to separate outcomes and make 
them fit into components and domains. This is demonstrated in 

ICF linkage studies, where health- status measurements, such as 
the Short Form 36 Health Survey, may cover different ICF compo-
nents.18 Nevertheless, this approach brings attention to the biopsy-
chosocial model of health16 and the interrelationship of different 
outcomes.

The NTNU LBW Life study comprised a control group of non- 
small for gestational age (non- SGA) children, which may indicate 
a better functioning control group than the general population. 
However, the estimates of cognition, motor skills and psychiatric 
morbidity suggest that the control group is representative of the 
general population.28,34,44 Other well- known birth cohort studies, 
such as the Helsinki Study of Very Low Birth Weight Adults, have 
also used a control group of non- SGA children.72

Loss to follow- up is inevitable in any long- term study, and fol-
low- up rates of 50– 80% have been suggested as acceptable in co-
hort studies.73 As previous publications have documented that there 
were no differences in maternal and perinatal factors or clinical 
characteristics between participants and non- participants,28,34,48 
we consider the sample at each follow- up timepoint to be represen-
tative of the initial cohort. Although the relatively small cohort size 
is a limitation, the statistical power was sufficient to detect group 
differences with reliability.

4.4  |  Interpretation

4.4.1  |  Body functions and structures

The brain is extensively examined in preterm cohorts,2 but longitu-
dinal neuroimaging studies combined with clinical assessments from 
childhood into adulthood are few. The frequency of abnormal MRI 
findings was consistently higher in the preterm born VLBW group 
than in the term born control group across ages, and structural grey 
matter pathology and abnormal white matter connectivity were 
associated with cognitive and neuropsychological deficits, motor 
problems and symptoms of attention deficit hyperactivity disorder, 
indicating specific brain structure– function relationships.

The preterm born VLBW participants had about 13 points lower 
IQ than controls at 19 years. Using individual participant data of 
eight cohorts from two consortia (Research on European Children 
and Adults Born Preterm [RECAP Preterm] and Adults Born Preterm 
International Collaboration [APIC]), Eves et al.4 found that very 
preterm/VLBW participants (n = 1068) had 0.78SD lower mean IQ 
scores than term- born participants (n = 1067) at mean age 24 years, 
equivalent to a difference of 12 IQ points. Further, our findings of 
poorer performance on several neuropsychological tests in ado-
lescence and young adulthood are supported by a review of Saigal 
et al.13 stating that cognitive deficits and problems with executive 
functioning persist to adulthood in very preterm survivors.

Increased psychiatric morbidity from 14 years to 19 and 26 years 
is in line with two comprehensive meta- analyses in the APIC con-
sortium, showing long- term consequences of being born preterm 
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with VLBW into adulthood, especially internalising problems,5 anx-
iety and mood disorders, attention deficit hyperactivity and autism 
spectrum disorders.6 The increased risk of attention deficit hyperac-
tivity disorder is also supported by a recent publication that includes 
register data from Finland.74 A large multinational cohort study using 
data from several Nordic registers has documented an increased risk 
of autism spectrum disorder for each week of decreasing gestation 
from week 40 to week 24.75

Our finding of reduced expiratory airflow of the lungs is con-
firmed by a meta- analysis of individual participant data in the APIC 
consortium, where the mean difference was −0.78SD between the 
very preterm/VLBW (n = 935) and control participants (n = 722).8 
Also the blood pressure findings were confirmed by larger data in 
the APIC consortium, where systolic blood pressure was 3.4 mmHg 
higher in VLBW adults (n = 1571) compared with controls (n = 777), 
and even higher for females and those exposed to maternal pre-
eclampsia.7 Results on decreased bone mineral density76 and in-
creased insulin resistance72 from the Finnish studies are also in line 
with the results from the NTNU LBW Life study.

4.4.2  |  Activities and participation

Motor test scores were generally 1.0SD poorer in the preterm VLBW 
group across ages, which is consistent with a recent review.9 A meta- 
analysis of studies using the Bayley Scales of Infant Development 
and the Movement Assessment Battery for Children found effect 
size differences of −0.88SD and − 0.65SD between children born 
very preterm/VLBW and controls.10 Another meta- analysis found a 
6- fold increase of motor problems in very preterm/VLBW children,11 
well in line with the estimate of the NTNU LBW Life study.

Measures of general and social functioning showed that several 
aspects of life were affected by preterm birth. In a broad overview 
of adult outcomes of very preterm/VLBW survivors, using data from 
both cohort and registry- linkage studies, the authors conclude that 
adults born preterm are more likely to remain single and that repro-
duction is diminished.13 In a meta- analysis, adults born preterm were 
found to be less likely to experience romantic relationships, sexual 
intercourse, or to become parents, but the quality of relationships 
with partners and friends was not impaired.77

Educational level was consistently lower in the preterm born 
VLBW group than in the control group, which adds to the litera-
ture on adult functioning and societal consequences of being born 
preterm with VLBW. Saigal et al.13 found that most studies reported 
lower educational attainment, lower income and higher require-
ments for social assistance, particularly among those with neurode-
velopmental disabilities. Furthermore, self- reported health- related 
quality of life was lower for very preterm/VLBW individuals com-
pared with full term counterparts,13 whereas a systematic review 
of 18 studies of 15 cohorts reported no conclusive evidence of 
the lower health- related quality of life among very preterm/VLBW 
adults.78

4.4.3  |  Underlying mechanisms

The broad spectrum of problems across various ICF domains, ranging 
from abnormal MRI findings, cognitive, mental and motor problems, 
to lower general and social functioning, and lower health- related 
quality of life, suggest a common aetiology that probably involves 
a combination of and an interplay between genetic, antenatal and 
postnatal risk factors.79 Being born preterm with VLBW has major 
immediate and long- term consequences for immature organ sys-
tems, particularly the brain and lungs, causing neurodevelopmental 
problems and impaired cardiorespiratory function, which may persist 
to adulthood. Presently, emerging evidence suggests that perinatal 
inflammation causing white matter damage is likely to be a contribu-
tor to adverse neurodevelopmental outcomes, including cerebral 
palsy, cognitive impairment, attention deficit hyperactivity disorder 
and autism spectrum disorder.80 However, a broad array of ante-
cedents and correlates may be involved, ranging from maternal and 
foetal infections and postnatal morbidity to socioeconomic disad-
vantage and environmental exposures, with genetic polymorphism 
and epigenetic changes involved in the cascade of mechanisms.80 
The long- term follow- up provides a well- documented description of 
the preterm VLBW phenotype and its association to neuroimaging 
findings, to be examined in relation to such underlying aetiological 
factors.

4.4.4  |  Clinical implications

A substantial part of the included articles addressed body functions 
and structures as their main outcome, although several publications 
reported more than one outcome and associations with domains 
within activities and participation. The combination of quantitative 
neuroimaging and multidisciplinary assessments gave the opportu-
nity to investigate structure– function relationships in the preterm 
brain that had not been reported earlier. This has contributed to 
a better understanding of how aberrant early development of the 
preterm brain may have lasting functional consequences. However, 
activities and participation may be the most important outcomes for 
the individuals themselves. In this systematic review, we emphasise 
that being born preterm with VLBW may lead to a complexity of 
outcomes. Studies have traditionally focused on body functions and 
structures, and we encourage more research on outcomes within ac-
tivities and participation. Similar to results in other studies,3,4,9,10,12 
lower birthweight and gestational age, and perinatal morbidity were 
associated with several adverse consequences and may be used to 
identify preterm born children most likely to experience problems in 
adulthood. The broad spectrum of outcomes across body functions 
and structures, and activities and participation brings an important 
message to clinicians; the diversity of challenges should be covered 
in multidisciplinary follow- up. An overall view in line with the ICF 
components may open for novel approaches in the management of 
preterm born VLBW individuals.



628  |    EVENSEN Et al.

5  |  CONCLUSIONS

This systematic review demonstrates the long- lasting complexity of 
challenges for preterm born VLBW individuals, involving the brain, 
cognition, mental and physical health, motor skills, general and so-
cial functioning, education and employment, as well as health- related 
quality of life. This preterm born cohort with VLBW, followed from 
birth to young adulthood, did not outgrow the biological risk, and the 
various domains of ICF were all affected. Importantly, some of these 
domains should be possible to influence through either intervention 
or adaptation and could therefore be a target for management, aiming 
to promote well- being and quality of life through the years of growth.
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