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Abstract

Background: Birth weight has a substantial effect on children’s cognitive development, physical capability, and
emotional development, which in turn impact on Health-Related Quality of Life (HRQoL). Generally, evidence
indicates that children born with low birth weight tend to have poorer proxy-reported HRQoL, particularly at school
age. However, there is limited evidence on whether variation in HRQoL exists across the entire range of possible
birth weights. This study aimed to examine the association between birth weight and proxy-reported HRQoL
among children aged 5–10 years old.

Methods: Data from the 1973–78 cohort of the Australian Longitudinal Study on Women’s Health were linked with
state-based Perinatal Data Collections and the Mothers and their Children’s Health study for 1,589 mothers and
2,092 children aged 5 − 10 years old. Generalized estimating equations were used to model the association
between birth weight and proxy-reported HRQoL measured by the Pediatric Quality of Life Inventory 4.0. Results
are presented as odds ratios with 95 % confidence intervals.

Results: In this study, 15.61 % of children were at risk of impaired proxy-reported HRQoL. Each 100-gram increase in
birth weight was associated with a 3 % reduction in the odds of impaired HRQoL (AOR = 0.97; 95 % CI: 0.94, 0.99).
However, there was only limited evidence of an effect within the normal birth weight range (AOR = 0.97; 95 % CI:
0.94, 1.01).

Conclusions: The findings indicate that increased birth weight was protective against impaired HRQoL, although
there was limited evidence of variability within the normal birth weight range. This study contributes to the existing
literature by not only emphasizing the impact of low birth weight on children’s health and health-related outcomes
but also by focusing on the variability within the normal birth weight range, particularly in a setting where low
birth weight is less prevalent.
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Introduction
Birth weight is an important marker of the health status of
a fetus, and it has a significant impact on children’s out-
comes [1]. Evidence indicates that lower birth weights
(less than 2500 g), particularly extremely low birth weight,
are associated with visual impairment [2], hearing loss [3],
cognitive impairment [4, 5], and hyperactivity disorders
[6] in young children. However, it has been noted that rec-
ognizing these impairments alone is inadequate to under-
stand the impact and burden of low birth weights on
children’s everyday life, unless a more comprehensive
measure of these impairments is explored, such as Health-
Related Quality of Life (HRQoL) [7].
HRQoL in children can be defined in different ways.

The World Health Organisation defines HRQoL as “a
child’s goals, expectations, standards, or concerns about
their overall health and health-related domains” [8, 9].
Other literature defines HRQoL as a multidimensional
concept that includes social, emotional, cognitive, and
physical functioning as well as cultural aspects of the
child and their family [10]. HRQoL can also refer to the
impact of health on an individual’s overall psychological,
social, and physical well-being [11]. In this paper,
HRQoL has been defined as a complex multidimensional
concept that includes the physical, emotional, social, and
school functioning of children [12].
Several studies have explored the association between

birth weight and HRQoL [7, 13]. In most of these stud-
ies, birth weight is categorized as low, normal, and high
birth weight, where clinically low birth weight groups
are compared to those with normal birth weight [14].
However, this approach may overlook possible associa-
tions across the full range of possible birth weights by
ignoring additional variability in the outcome of interest,
such as HRQoL, across the entire birth weight range
[15]. Furthermore, it has also been noted that examining
the effect of all possible birth weights and not just low
birth weights is of particular interest because birth
weight-related interventions would potentially benefit
women with healthy pregnancies in addition to women
with high-risk pregnancies [16].
Generally, studies have indicated that children born

with a very low or low birth weight have poorer HRQoL
and perform worse than their peers on specific domains
of HRQoL [17, 18], although a few studies reported no
differences between children with low birth weight and
normal birth weight [7, 13, 14]. For instance, a system-
atic review found that preschool children born with very
low birth weight performed worse than their peers in
emotional, physical, and social functioning [19]. Another
recent systematic review, however, did not find a signifi-
cant difference between adults who were born with very
low birth weight and those who had a normal birth
weight [14]. These inconsistent findings indicate the

need for a more comprehensive investigation of low
birth weight and HRQoL, including accounting for vari-
ability in HRQoL that may exist within the normal birth
weight range.
Various maternal and child-related factors also influ-

ence the association between birthweight HRQoL as well
as early child development. For example, evidence indi-
cated that poor maternal health and poor parenting
practices negatively affected the children’s developmen-
tal outcomes around school entry which may, in turn,
affect their quality of life [20, 21]. In addition, the previ-
ous studies indicated birth-related factors, for example,
mode of birth affected child development, particularly
cognitive performance [22]. Furthermore, child-related
factors including the sex of the child and screen time
also were found to affect both early child developmental
outcomes and HRQoL [20, 23, 24].
Few studies have examined the variability of HRQoL

[15] and other outcomes such as intelligence [16] and
language development [25] across the full range of pos-
sible birth weights. The findings from these studies indi-
cate that the variability in these outcomes exists not only
within the clinically low birth weight groups but also
within the normal birth weight range [25]. For example,
a longitudinal study conducted in Canada that examined
birth weight variability and language development
showed variability in children’s language development
within the normal birth weight range [25].
Despite this, the association between the entire birth

weight range and HRQoL has not yet been well ex-
plored. Therefore, the objective of this study was to
comprehensively investigate the association between
birth weight and HRQoL by accounting for variability
that may exist across the full range of possible birth
weights, and also within the normal birth weight range.

Method and materials
Data sources
Data were sourced from the Australian Longitudinal
Study of Women’s Health (ALSWH), the Mothers and
their Children’s Health study (MatCH), and Australian
state-based Perinatal Data Collections (PDCs).
The ALSWH is a longitudinal population-based survey

that has been conducted since 1996 with three cohorts
of women born in 1921-26, 1946-51, and 1973-78. Over
40,000 women responded to the baseline survey [26].
Participants were randomly selected from the Medicare
database (the Australian universal health insurance sys-
tem) and women from rural and remote areas were sam-
pled at twice the rate of women in urban areas. The
current study is based on the 1973-78 cohort, who have
been surveyed approximately every three years.
The MatCH study is a sub study of the ALSWH.

Women in the 1973-78 cohort who had reported at least
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one live birth were invited to complete surveys in 2016,
either online or on paper, about their biological children
aged under 13 years [27].
The PDCs are population-based data collections of

pregnancy and birth information for each Australian
state and territory. The PDC is also known as the Peri-
natal Statistics Collection in South Australia [28] and
the Midwives Notification System in Western Australia
[29]. The data include both live births and stillbirths,
where gestational age is at least 20 weeks or birth weight
is at least 400 g with slight variations between some
states and territories [30].

Study participants and samples
The participants of this study were 2092 children aged
5–10 years of 1589 mothers in the 1973-78 cohort of the
ALSWH who participated in the MatCH study and who
did not opt-out of external data linkage.

Variables and measurements
The variables were organized using the HRQoL theoret-
ical model that was modified for the Pediatric population
[31], from the theoretical model developed by Wilson and
Cleary [32]. The modified Pediatric version of HRQoL
model postulated that four categories of variables, that are
characteristics of individual, characteristics of the environ-
ment, symptoms status, and functional status related dir-
ectly or indirectly with HRQoL [31]. Moreover, we also
retained one important category, that is biological/physio-
logical variables category, from the original theoretical
model developed by Wilson and Cleary, to model the as-
sociation of birthweight and proxy-reported HRQoL by
accounting for various covariates listed below.

Outcome variable
The outcome of this study was proxy-reported HRQoL,
and it was measured by the Pediatric Quality of Life In-
ventory 4.0 (PedsQL 4.0) in the MatCH study. PedsQL is
a 23-item proxy questionnaire for parents of 2–18 years
old children [33]. PedsQL covers four domains: physical,
emotional, social, and school functioning. Physical func-
tioning is measured with eight items (e.g. walking, par-
ticipating in sports activities, lifting heavy objects).
Emotional functioning is measured with five items (e.g.
feeling afraid or scared, feeling sad, and feeling angry).
Social functioning is measured with five items (e.g. get-
ting along with other children, getting teased by other
children, keeping up when playing with other children).
School functioning is measured with five items (e.g. pay-
ing attention, forgetting things, keeping up with school
work) [34]. The PedsQL is a valid and reliable measure
of HRQoL for both unwell and healthy children.
Mothers were asked to rate the functioning of their chil-
dren in the past month on a five-point Likert scale (0 =

never; 1 = almost never; 2 = sometimes; 3 = often; 4 = al-
most always), and items were reversed and transformed
so that the higher scores reflected better functioning. A
PedsQL score is usually reported for each subdomain by
taking a sum-total average of the individual item scores
within the subdomain and for all subdomains together
as a total PedsQL score, which is reported on a 0-100
scale, with higher scores representing better HRQoL. In
this study, we considered the total PedsQL score as the
primary outcome. Scores were dichotomized based on 1
standard deviation (SD) below the mean; children who
fell below this cut-off point were categorized as being at
risk of impaired HRQoL [34].

Exposures
The main exposure variable in this study was birth
weight. Birth weight was sourced from the PDCs. It was
measured to the nearest gram and was used as a con-
tinuous predictor.

Covariates
Based on the literature review and theoretical background,
the models investigating the association between birth weight
and HRQoL were adjusted for the following covariates: par-
enting practices (measured using the Alabama Parenting
Questionnaire Short Form included in the MatCH survey),
mother’s physical and mental health (measured using the
SF-36 instrument), mother’s area of residence, mother’s age
at birth, marital status, child’s mode of birth, child’s average
screen time per day, and etc.

Data analysis
Descriptive statistics for the maternal and child variables
were reported as means and standard deviations for the
continuous variables and frequencies and percentages
for the categorical variables. Linearity was checked for
the continuous predictors and the outcome variable, and
multicollinearity was checked for the predictor variables
using variance inflation factors (VIF). VIFs greater than
10 were indicative of multicollinearity. Bivariate analyses
were performed to select relevant variables for inclusion
in the final multivariable model. Variables that were
considered clinically important or which displayed a bi-
variate association with HRQoL with P-values of less
than or equal to 0.25 were included in the final models.
Generalized estimating equations (GEE) [35] models

were fitted to examine the impact of birth weight on
HRQoL, with children nested within each mother
treated as having exchangeable working correlations.
GEE models are a flexible regression-based approach for
dealing with clustered or correlated data [35, 36]. Two
models were constructed. The first model included en-
tire birth weight and was adjusted for a wide range of
maternal and child-related factors. The second model
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sought to determine whether there was variability in the
risk of having impaired HRQoL across the range of nor-
mal birth weights. The second model was specified in
the same way as the first model, except that we re-
stricted the analysis sample to babies born with birth
weights between 2500 and 4500 g.
Adjusted odds ratios with 95 % confidence intervals

(CI) were presented as estimates of the effect of birth
weight on impaired HRQoL after controlling for poten-
tial confounders. All analyses were performed in Stata
15.0 [37].

Results
Descriptive statistics of the characteristics of the sample
A total of 2,092 children aged 5–10 years were included
in the primary analysis that investigated all possible birth
weights. The second analysis that focused on variability
within the normal birth weight range included 1981 chil-
dren. The mean age of the children was 6.89 years (SD =
1.36). The overall mean birth weight for the children
was 3510.19 g (SD = 515.92) and the mean birth weight
for children within the normal birth weight range was
3521.54 g (SD = 412.19).
The mean HRQoL score was 87.27 (SD= 10.46) and 314

(15.61%) children were below the 1 SD cut-off and were
considered at risk of impaired HRQoL (Table 1). The mean
birth weight for children who were and were not at risk of
impaired HRQoL was 3460.7 (SD= 601.25) and 3515.8 g
(SD= 496.51), respectively. There was little difference in the
key demographics between children who were and were not
at risk of impaired HRQoL. Most mothers resided in major
cities (60.1 and 65.0 % for children not at risk and at risk, re-
spectively) and were partnered (82.9 % vs. 79.8 %). Children
who were at risk of impaired HRQoL were less likely to have
the birth father living with the child most of the time or al-
ways (90.8 % vs. 83.5%). Furthermore, there was a substantial
difference in the proportion of children with medical prob-
lems (17.9 % vs. 47.3%).

Association of birth weight and HRQoL
In the first multivariable model, birth weight was marginally
associated with HRQoL after controlling for covariates. Each
100 gram increase in birth weight reduced the odds of being
at risk of impaired HRQoL by 3% (AOR= 0.97; 95% CI:
0.94, 0.99). In the second multivariable model which was re-
stricted to the normal birth weight range, we observed the
same effect size (AOR= 0.97, 95% CI: 0.94, 1.01) but were
not able to conclude that there was evidence of a definite as-
sociation between birth weight and HRQoL due to the wider
confidence interval (Table 2).

Discussion
This study aimed to investigate the association between
birth weight and HRQoL by taking account of the

variability that may exist within the normal birth weight
range. The finding of our study showed that increased
birth weight reduced the odds of being at risk of im-
paired HRQoL after adjusting for the confounding fac-
tors. These findings are corroborated with previous
studies that examined the associations between birth
weight and HRQoL.
However, we did not find evidence of an association

between birth weight and HRQoL within the normal
birth weight range. This finding is in contrast with previ-
ous studies that examined the associations between birth
weight within the normal range and health-related out-
comes in children. For instance, studies reported that
within normal birth weight range, birth weight was asso-
ciated with language abilities [38], cognitive function
[39], executive functions [38], intelligence quotient at
age 7 [40], academic outcomes at age 10 [41], and risk of
developmental disabilities such as cerebral palsy, learn-
ing disabilities and attention-deficit-hyperactivity dis-
order at age 3 − 17 [42].
The discrepancy between our findings and the previ-

ous studies might be attributed to factors such as the
population studied and sample size. For example, a pre-
vious study reported that the MatCH participants in-
cluded in this study were more educated, healthier, and
more likely to live in major cities [27] and as a result,
the birth weight variability among children born to these
participants might have been reduced. This was partially
evidenced by the higher mean birth weight in the
current study compared to that of the general popula-
tion in Australia (3510 vs. 3323 g) [30]. Despite the rea-
sonable sample size within the normal birth weight
range, this may have been insufficient to detect an effect
if the true effect size was smaller than anticipated by the
power calculations.
The mechanisms by which birth weight is linked to

different health-related outcomes including HRQoL are
not well understood. However, studies have documented
a linear relationship between birth weight and language
[25] and executive functions [43]. These two functions
may, in turn, affect other aspects of functioning. For ex-
ample, while impaired language functions could affect
psychosocial and academic outcomes, disruption in ex-
ecutive functions may lead to other adverse psycho-
logical outcomes [43] which eventually impact HRQoL.
On the other hand, the paths by which birth weight is

linked to various health-related outcomes in normal
birth weight children may be different to children of low
birth weights [38]. For children with low birth weights,
medical complications such as infection, hypoxia-
ischemia, and ventricular complications are responsible
for poorer health-related outcomes, mainly by reducing
the size of cortical structures that are important for cogni-
tive and behavioural functions. Evidence also indicates
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Table 1 Descriptive summary of the variables in relation to HRQoL

Factor Impaired HRQoL

Not at risk
(n = 1698)

At risk
(n = 314)

N (%) N (%)

Birth weight (mean/SD) 3515.8 (496.51) 3460.7(601.25)

Demographic factors

Area of residence

Major cities of Australia 1056 (60.10) 160 (65.04)

Inner regional Australia 424 (24.13) 49 (19.92)

Outer regional / remote 277 (15.77) 37 (15.04)

Marital status

Partnered 1465 (82.91) 197 (79.76)

Non-partnered 302 (17.09) 50 (20.24)

Birth father lives with the child

Most of the time/always 1603 (90.82) 207 (83.47)

Sometimes 62 (3.51) 22 (8.87)

No/not applicable 100 (5.67) 19 (7.66)

Pregnancy history

Mother’s age at birth

< 35 1285 (75.68) 248 (78.98)

≥ 35 413 (24.32) 66 (21.02)

Mode of birth

Non-Caesarean 1162 (68.43) 205 (65.29)

Caesarean 536 (31.57) 109 (34.71)

Gestational hypertension

No 1611 (94.88) 283 (90.13)

Yes 87 (5.12) 31 (9.87)

Gestational diabetes

No 1617 (95.23) 289 (92.33)

Yes 81 (4.77) 24 (7.67)

Parenting factors

Inconsistent discipline (mean/SD) 5.76 (1.95) 6.40 (2.12)

Poor supervision (mean/SD) 3.17 (0.52) 3.27 (0.72)

Positive parenting (mean/SD) 13.46 (1.51) 13.26 (1.55)

Maternal health

SF 36 Physical health (mean/SD) 91.80 (13.50) 88.65 (15.220

SF 36 Mental health (mean/SD) 77.56 (13.64) 71.09 (16.32)

Child factors

Child sex

Male 868 (51.12) 170 (54.14)

Female 830 (48.88) 144 (45.86)

Child age in years (mean/SD) 6.98 (1.37) 6.94 (1.37)

Average screen time (mean/SD)a 1.81 (1.07) 2.09 (1.28)

Five-minute Apgar score (mean/SD) 9.14 (0.69) 9.10 (0.62)

Gestational age (mean/SD) 39.18 (1.49) 38.97 (1.89)

Medical problems
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Table 1 Descriptive summary of the variables in relation to HRQoL (Continued)

Factor Impaired HRQoL

Not at risk
(n = 1698)

At risk
(n = 314)

N (%) N (%)

No 1381 (82.15) 163 (52.75)

Yes 300 (17.85) 146 (47.25)

Notes: HRQoL: Health-Related Quality of Life; aAverage screen time was measured in hours and reported per day

Table 2 Results from the final multivariable models for the association between birth weight and HRQoL among children aged 5 −
10 years

Factor Model 1 (all birth weights) Model 2 (normal birth weights only)

Unadjusted OR (95%
CI)

Adjusted OR (95%
CI)

Unadjusted OR (95%
CI)

Adjusted OR (95%
CI)

Birth weight¥ 0.97 (0.95, 0.99) 0.97 (0.94, 0.99)* 0.98 (0.95, 1.01) 0.97 (0.94, 1.01)

Demographic factors

Marital status (Ref-Partnered)

Non-partnered 0.12 (0.93, 1.69) 1.14 (0.80, 1.63) 1.21 (0.88, 1.66) 0.88 (0.60, 1.28)

Birth father lives with the child (Ref-most of the time/
always)

Sometimes 2.40 (1.43, 4.03) 2.96 (1.63, 5.35) 2.35 (1.33, 4.0) 2.75 (1.49, 5.08)

No/not applicable 2.39 (1.53, 3.75) 2.16 (1.30, 3.57) 2.59 (1.65, 4.08) 2.39 (1.42, 4.02)

Pregnancy history

Mother’s age at birth (Ref-<35 years)

≥ 35 0.80 (0.61, 1.06) 0.80 (0.58, 1.12) 0.75 (0.56, 1.01) 0.75 (0.53, 1.06)

Gestational hypertension (Ref-no)

Yes 1.75 (1.16, 2.64) 1.32 (0.81, 2.13) 1.68 (1.07, 2.63) 1.31 (0.78, 2.19)

Gestational diabetes (Ref-no)

Yes 1.55 (0.98, 2.44) 1.69 (0.99, 2.87) 1.35( 0.81, 2.25) 1.59 (0.88, 2.87)

Parenting factors

Inconsistent discipline¥ 1.14 (1.07, 1.22) 1.12 (1.05, 1.21) 1.16 (1.08, 1.23) 1.14 (1.06, 1.23)

Poor supervision¥ 1.20 (1.01, 1.42) 1.15 (0.91, 1.44) 1.2 (1.021, 1.43) 1.14 (0.90, 1.44)

Positive parenting¥ 0.91 (0.84, 0.99) 0.89 (0.81, 0.98) 0.90 (0.83, 0.99) 0.90 (0.81, 0.99)

Maternal health factors

SF 36 General health¥ 0.98 (0.98, 0.99) 0.99 (0.98, 1.00) 0.98 (0.98, 0.99) 0.99 (0.98,1.00)

SF 36 Mental Health¥ 0.97 (0.96, 0.98) 0.98 (0.97, 0.99) 0.97 (0.96, 0.98) 0.98 (0.97, 0.99)

Child factors

Child sex (Ref-male)

Female 0.83 (0.66, 1.04) 0.88 (0.67, 1.16) 0.83 (0.66, 1.06) 0.88 (0.67, 1.17)

Average screen time¥ 1.22 (1.09, 1.36) 1.10 (0.97, 1.24) 1.20 (1.07, 1.34) 1.07 (0.94, 1.21)

Medical problems (Ref-no)

Yes 3.85 (3.01, 4.93) 3.80 (2.86, 5.06) 3.71 (2.87, 4.80) 3.66 (2.72, 4.92)

Notes: *Significant at p-value < 0.05(birth weight); ¥ reported as a mean and standard deviation; HRQoL: Health-Related Quality of Life; OR: Odds Ratios; CI:
Confidence Interval
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there is variability in the size of cortical structures among
children with normal birth weight, suggesting the higher
birth weight is associated with a higher cortical structure
[44]. Therefore, a minor difference in birth weight, even
within the normal range, may indicate a serious individual
variability in neuropsychological development which, in
turn, affects children’s HRQoL [38].
This study has notable strengths. The study used a nation-

ally representative sample and adjusted for important factors
that may confound the association between birth weight and
HRQoL. Unlike many other studies that mainly focused on
the impact of clinically low birth weight on the HRQoL, this
study accounted for the variability that may exist within the
normal birth weight range. Furthermore, this study also uti-
lized a standardised and common tool to measure HRQoL
in children.
This study has also some limitations that must be ac-

knowledged. Both maternal and child data were self-
reported by the mother. Importantly, as only a proxy
questionnaire for parents was applied to measure
HRQoL in the MatCH study, data on self-reported
HRQoL were not included, warranting a further study.
In addition, while the ALSWH cohorts are representa-
tive, mothers participating in the MatCH sub study had
better health and health-related characteristics than the
general population, which should be considered when
evaluating the generalizability of these findings.

Conclusions
These findings indicate that increased birth weight was pro-
tective against impaired HRQoL, although significant vari-
ability within the normal birth weight range was not
observed. This study contributes to the existing literature by
not only emphasizing the impact of low birth weight on chil-
dren’s health and health-related outcomes but also by focus-
ing on the variability within the normal birth weight range,
particularly in a setting where low birth weight is less preva-
lent. This is important because a small shift in the distribu-
tion of birth size may impact the health and health-related
outcomes in children which may also be extended to adult-
hood and poses additional burdens on the healthcare system.

Acknowledgements
The research on which this paper is based was conducted as part of the
Australian Longitudinal Study on Women’s Health (ALSWH) by the University
of Queensland and the University of Newcastle. We are grateful to the
Australian Government Department of Health for funding ALSWH; the
National Health and Medical Research Council for funding the Mothers and
their Children’s Health (MatCH) substudy; and to the women who provided
the survey data. In addition, the authors acknowledge the following:
Centre for Health Record Linkage (CHeReL), New South Wales (NSW) Ministry
of Health and Australian Capital Territory (ACT) Health, for the NSW Perinatal
Data Collections and ACT Maternal Perinatal Data Collections.
Queensland (QLD) Health, including the Statistical Services Branch, for the
Qld Perinatal Data Collections.
Department of Health Western Australia (WA), including the Data Linkage
Branch, and the WA Midwives Notification System.

South Australia ( SA),Northern Territory (NT) Datalink, and SA Department for
Health and Wellbeing and NT Department of Health, for the SA Perinatal
Statistics, and NT Perinatal Trends Data Collections.
Tasmanian Data Linkage Unit, and the Department of Health Tasmania, for
the Perinatal Data Collections.
The Department of Health and Human Services Victoria, Centre for Victorian
Data Linkage, for Victorian Perinatal Data Collection. We are grateful to the
Consultative Council on Obstetric and Paediatric Mortality and Morbidity
(CCOPMM) for providing access to the data used for this project and for the
assistance of the staff at Safer Care Victoria. The conclusions, findings,
opinions and views or recommendations expressed in this paper are strictly
those of the author(s). They do not necessarily reflect those of CCOPMM.

Authors' contributions
TH, CC, and DL involved in the conception, wrote the protocol, designs the
study, involved in data analysis and interpretation of results, drafted and
reviewed the manuscript. NE contributed to the design, involved in data
analysis and interpretation of results, and critically reviewed the manuscript.
All authors read and gave final approval of the version to be published and
agreed to be accountable for all aspects of the work.

Funding
The authors did not receive specific funds for this study, but the ALSWH is
funded by the Australian Government Department of Health, and MatCH is
funded by the National Health and Medical Research Council (NHMRC)
project grant (APP1059550).

Availability of data and materials
The data that support the findings of this study are available from the ALSW
H but restrictions apply to the availability of these data, which were used
under license for the current study, and so are not publicly available. Data
are however available from the authors upon reasonable request and with
permission of the ALSWH.

Declarations

Ethics approval and consent to participate
The ALSWH survey program has ongoing ethical approval from the Human
Research Ethics Committees (HRECs) of the Universities of Newcastle and
Queensland (ref. H-076-0795 and 2004000224, respectively, for the 1973-78,
1946-51 and 1921-26 cohorts; and H-2014-0246 and 2014001213 for the
MatCH sub-study. The ALSWH also maintains institutional HREC approvals for
record linkage (ref. H-2011- 0371 and 2012000132, respectively). Access to
state and territory perinatal data collections is approved by an appropriate
HREC for each jurisdiction. Women provided informed consent for them-
selves and their children. All methods were carried out in accordance with
relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1School of nursing and midwifery, College of Health and Medical Sciences,
Haramaya University, Dire Dawa, Ethiopia. 2Centre For Women’s Health
Research, School of Medicine and Public Health, College of Health, Medicine
and Wellbeing, University of Newcastle, Newcastle, New South Wales,
Australia. 3Centre for Women’s Health Research, College of Health, Medicine
and Wellbeing, University of Newcastle, Newcastle, Australia.

Received: 21 May 2021 Accepted: 2 September 2021

References
1. Belbasis L, Savvidou MD, Kanu C, Evangelou E, Tzoulaki I: Birth weight in

relation to health and disease in later life: an umbrella review of
systematic reviews and meta-analyses. BMC medicine 2016, 14(1):147.

Hassen et al. BMC Pediatrics          (2021) 21:408 Page 7 of 8



2. Bodeau-Livinec F, Surman G, Kaminski M, Wilkinson AR, Ancel P-Y, Kurinczuk
JJ: Recent trends in visual impairment and blindness in the UK. Arch Dis
Child 2007, 92(12):1099–1104.

3. Cristobal R, Oghalai J: Hearing loss in children with very low birth weight:
current review of epidemiology and pathophysiology. Archives of Disease
in Childhood-Fetal and Neonatal Edition 2008, 93(6):F462-F468.

4. Torche F, Echevarría G: The effect of birthweight on childhood cognitive
development in a middle-income country. Int J Epidemiol 2011, 40(4):1008–1018.

5. Woodward LJ, Moor S, Hood KM, Champion PR, Foster-Cohen S, Inder TE,
Austin NC: Very preterm children show impairments across multiple
neurodevelopmental domains by age 4 years. Archives of Disease in
Childhood-Fetal and Neonatal Edition 2009, 94(5):339–344.

6. Hayes B, Sharif F: Behavioural and emotional outcome of very low birth
weight infants–literature review. The journal of maternal-fetal & neonatal
medicine 2009, 22(10):849–856.

7. Kenyhercz F, Kató S, Nagy BE: Health-related quality of life of premature
infants at 2 years in relation to breastfeeding and maternal emotional
state: a retrospective cohort study. Early Child Development and Care 2019:
1–11.

8. Fayed N, De Camargo OK, Kerr E, Rosenbaum P, Dubey A, Bostan C,
Faulhaber M, Raina P, Cieza A: Generic patient-reported outcomes in child
health research: a review of conceptual content using World Health
Organization definitions. Dev Med Child Neurol 2012, 54(12):1085–1095.

9. Organization WH: WHOQOL-BREF: introduction, administration, scoring
and generic version of the assessment: field trial version, December
1996. In.: World Health Organization; 1996.

10. Haverman L, Limperg P, Young N, Grootenhuis M, Klaassen R: Paediatric
health-related quality of life: what is it and why should we measure
it?Arch Dis Child 2017, 102(5):393–400.

11. Horsman J, Furlong W, Feeny D, Torrance G: The Health Utilities Index
(HUI®): concepts, measurement properties and applications. Health and
quality of life outcomes 2003, 1(1):54.

12. Stenman U, Hakama M, Knekt P, Aromaa A, Teppo L, Leinonen J, Zhang B,
Yang B, Tang Z: Measurement and modeling of health-related quality of
life. Epidem Demog Public Health 2010, 195:Q5.

13. Huhtala M, Korja R, Rautava L, Lehtonen L, Haataja L, Lapinleimu H, Rautava
P, Group PS: Health-related quality of life in very low birth weight
children at nearly eight years of age. Acta Paediatrica 2016, 105(1):53–59.

14. van der Pal S, Steinhof M, Grevinga M, Wolke D, Verrips G: Quality of life of
adults born very preterm or very low birth weight: A systematic review.
Acta Paediatrica 2020.

15. Hegelund ER, Wimmelmann CL, Strizzi JM, Folker AP, Mortensen EL, Flensborg-
Madsen T: Birth weight and quality of life in midlife: A 50-year follow-up study
of 2079 individuals in Denmark. Quality of Life Research 2020, 29(4):1047–1054.

16. Flensborg-Madsen T, Mortensen EL: Birth weight and intelligence in
young adulthood and midlife. Pediatrics 2017, 139(6).

17. Saigal S, Feeny D, Furlong W, Rosenbaum P, Burrows E, Torrance G:
Comparison of the health-related quality of life of extremely low birth
weight children and a reference group of children at age eight years.
The Journal of pediatrics 1994, 125(3):418–425.

18. Islam MM: The effects of low birth weight on school performance and
behavioral outcomes of elementary school children in Oman. Oman
medical journal 2015, 30(4):241.

19. Zwicker JG, Harris SR: Quality of life of formerly preterm and very low
birth weight infants from preschool age to adulthood: a systematic
review. Pediatrics 2008, 121(2):e366-e376.

20. Tough SC, Siever JE, Benzies K, Leew S, Johnston DW: Maternal well-being
and its association to risk of developmental problems in children at
school entry. BMC Pediatr 2010, 10(1):1–12.

21. Dittrich K, Fuchs A, Bermpohl F, Meyer J, Führer D, Reichl C, Reck C,
Kluczniok D, Kaess M, Attar CH: Effects of maternal history of depression
and early life maltreatment on children’s health-related quality of life.
Journal of affective disorders 2018, 225:280–288.

22. Polidano C, Zhu A, Bornstein JC: The relation between cesarean birth and
child cognitive development. Scientific reports 2017, 7(1):1–10.

23. Otto C, Haller A-C, Klasen F, Hölling H, Bullinger M, Ravens-Sieberer U,
Group BS: Risk and protective factors of health-related quality of life in
children and adolescents: results of the longitudinal BELLA study. PLoS
ONE 2017, 12(12):e0190363.

24. Wu XY, Han LH, Zhang JH, Luo S, Hu JW, Sun K: The influence of physical
activity, sedentary behavior on health-related quality of life among the

general population of children and adolescents: A systematic review.
PLoS ONE 2017, 12(11):e0187668.

25. Madigan S, Wade M, Plamondon A, Browne D, Jenkins JM: Birth weight
variability and language development: Risk, resilience, and responsive
parenting. Journal of Pediatric Psychology 2015, 40(9):869–877.

26. Brown W, Bryson L, Byles J, Dobson A, Manderson L, Schofield M, Williams G:
Women’s health Australia: establishment of the Australian longitudinal
study on women’s health. Journal of Women’s Health 1996, 5(5):467–472.

27. Mishra GD, Moss K, Loos C, Dobson AJ, Davies PS, Loxton D, Hesketh KD,
Koupil I, Bower C, Sly P: MatCH (Mothers and their Children’s Health) Profile:
offspring of the 1973-78 cohort of the Australian Longitudinal Study on
Women’s Health. Longitudinal and Life Course Studies 2018, 9(3):351–375.

28. Government of South Australia. Pregnancy outcome statistics. [https://
www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+
internet/about+us/health+statistics/pregnancy+outcome+statistics/pregna
ncy+outcome+statistics

29. Government of Western Australia. Department of Health. Midwives
Notification System. https://ww2.health.wa.gov.au/Articles/J_M/Midwives-
Notification-System

30. Australian Institute of Health and Welfare 2020: Australia’s mothers and
babies 2018: in brief.Perinatal statistics series no. 36. Cat. no. PER 108.
Canberra: AIHW. In.

31. Villalonga-Olives E, Kawachi I, Almansa J, Witte C, Lange B, Kiese-Himmel C,
von Steinbüchel N: Pediatric health-related quality of life: a structural
equation modeling approach. PLoS ONE 2014, 9(11):e113166.

32. Sousa KH, Kwok O-M: Putting Wilson and Cleary to the test: analysis of a
HRQOL conceptual model using structural equation modeling. Quality of
Life Research 2006, 15(4):725–737.

33. Varni JW, Seid M, Rode CA: The PedsQL™: measurement model for the
pediatric quality of life inventory. Medical care 1999:126–139.

34. Varni JW, Seid M, Kurtin PS: PedsQL™ 4.0: Reliability and validity of the
Pediatric Quality of Life Inventory™ Version 4.0 Generic Core Scales in
healthy and patient populations. Medical care 2001:800–812.

35. Liang K-Y, Zeger SL: Regression analysis for correlated data. Annual review
of public health 1993, 14(1):43–68.

36. Homish GG, Edwards EP, Eiden RD, Leonard KE: Analyzing family data: a
GEE approach for substance use researchers. Addictive behaviors 2010,
35(6):558–563.

37. StataCorp. Stata Statistical Software: Release 15. College Station, TX:
StataCorp LLC. 2017.

38. Wade M, Browne D, Madigan S, Plamondon A, Jenkins J: Normal birth
weight variation and Children’s neuropsychological functioning: Links
between language, executive functioning, and theory of mind. Journal of
the International Neuropsychological Society: JINS 2014, 20(9):909.

39. Richards M, Hardy R, Kuh D, Wadsworth ME: Birth weight and cognitive
function in the British 1946 birth cohort: longitudinal population based
study. Bmj 2001, 322(7280):199–203.

40. Matte TD, Bresnahan M, Begg MD, Susser E: Influence of variation in birth
weight within normal range and within sibships on IQ at age 7 years:
cohort study. Bmj 2001, 323(7308):310–314.

41. Kirkegaard I, Obel C, Hedegaard M, Henriksen TB: Gestational age and birth
weight in relation to school performance of 10-year-old children: a
follow-up study of children born after 32 completed weeks. Pediatrics
2006, 118(4):1600–1606.

42. Boulet SL, Schieve LA, Boyle CA: Birth weight and health and
developmental outcomes in US children, 1997–2005. Maternal and child
health journal 2011, 15(7):836–844.

43. Phua DY-L, Rifkin-Graboi A, Saw S-M, Meaney MJ, Qiu A: Executive
functions of six-year-old boys with normal birth weight and gestational
age. PLoS ONE 2012, 7(4):e36502.

44. Walhovd KB, Fjell AM, Brown TT, Kuperman JM, Chung Y, Hagler DJ, Roddey
JC, Erhart M, McCabe C, Akshoomoff N: Long-term influence of normal
variation in neonatal characteristics on human brain development.
Proceedings of the National Academy of Sciences 2012, 109(49):20089–20094.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hassen et al. BMC Pediatrics          (2021) 21:408 Page 8 of 8

https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/about+us/health+statistics/pregnancy+outcome+statistics/pregnancy+outcome+statistics
https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/about+us/health+statistics/pregnancy+outcome+statistics/pregnancy+outcome+statistics
https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/about+us/health+statistics/pregnancy+outcome+statistics/pregnancy+outcome+statistics
https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/about+us/health+statistics/pregnancy+outcome+statistics/pregnancy+outcome+statistics
https://ww2.health.wa.gov.au/Articles/J_M/Midwives-Notification-System
https://ww2.health.wa.gov.au/Articles/J_M/Midwives-Notification-System

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Method and materials
	Data sources
	Study participants and samples
	Variables and measurements
	Outcome variable
	Exposures
	Covariates
	Data analysis

	Results
	Descriptive statistics of the characteristics of the sample
	Association of birth weight and HRQoL

	Discussion
	Conclusions
	Acknowledgements
	Authors' contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

