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Figure 3  Summary of the associations presented in online supplemental table 1a–g. BW, birth weight; ELBW, extremely low birth weight; EPT, 
extremely preterm; GA, gestational age; HBW, high birth weight; LBW, low birth weight; LGA, large for gestational age; PT, preterm; SGA, small for 
gestational age; VLBW, very low birth weight; VPT, very preterm.
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mortality compared with larger babies,47 an anomalous finding 
which probably stemmed from selection and publication bias 
favouring reports of very small surviving babies.

The evolution of our understanding of the relationships 
between size at birth and various outcomes in children is inex-
tricably linked to improvements in measurement and in theory, 
as well as to disease burden and priority health topics. For 
example, literature on effects of small size at birth on adult 
health burgeoned after the ‘developmental origins of disease’ 
theory.1 2 Our review identified several gaps in relation to the 
risk factors, outcomes and populations studied. Very few meta-
analyses examined outcomes linked to the effect of LGA and 
SGA or of the different combinations of gestation and size for 
GA at birth. For some subtheme outcomes (cognitive and motor), 
very small size at birth was the exposure measured rather than 
LBW or prematurity. Most of the systematic reviews were from 
high-income countries, reflecting a general bias in research.202 
We also identified 14 subtheme outcomes missing meta-analyses. 
Older age children are rarely a priority population for studies 
of mortality or acute ill health, but this neglect may be because 
they generally have fewer ill-health outcomes and so are more 
difficult to study.

Strengths and limitations
Our review synthesised an enormous literature and was compre-
hensive, not restricting on outcome, year or language. It assessed 
methodological quality using a critical appraisal tool, showed 
gaps and focused on children up to 18, thereby bridging a gap 
between studies focused on young children and those focused 
on adults. Its limitations are its reliance on published systematic 
reviews, particularly those with meta-analyses. Our approach 
missed single studies not included in previous reviews and topics 
without systematic reviews. We did not do additional meta-
analyses nor did we recalculate effect sizes, so we include three 
reviews with inconsistent data presented in abstract, figures 
and results.87 124 159 Moreover, while we did not restrict on 
language, we used English search terms and did not search non-
English databases, for example, Chinese literature. As part of 
the umbrella review, we did not assess methods of the selected 
papers. In meta-analyses where we did not detect an association, 
we did not conduct further examination by assessing the confi-
dence intervals.

RECOMMENDATIONS/CONCLUSION
Our umbrella review compiled evidence from 1041 associations 
and showed the strength of evidence. It also alluded to poten-
tial mechanisms, enabling us to identify areas where we can 
appropriately target or track interventions aimed at improving 
outcomes in LBW/preterm or HBW children.

To improve future research and evidence on the mechanisms 
involved, we highlight the need to

	► Address gaps in the range of risk factors explored by 
including the whole spectrum of size and maturity where 
possible, including (1) splitting preterm into subgroups 
based on maturity, for example, extremely preterm, very 
preterm and moderate or late preterm; (2) considering all 
the combinations of size for GA (adjusted for preterm/term/
post-term, specifically focusing on SGA and LGA); and (3) 
excluding HBW, post-term and LGA from the comparator 
when examining small size at birth (LBW, preterm and 
AGA). The latter recommendation is made because when 
the comparator is ‘anyone not SGA’, then the relative risk of 

SGA may be underestimated because the comparator lumps 
low-risk AGA babies with higher-risk LGA ones.

	► Conduct further research on understudied exposures (ie, 
large size at birth/post-term) or outcomes (eg, current 
research on LGA is largely limited to outcomes of growth, 
diabetes or cancer) and on inconclusive areas (for small size 
these include coronary heart disease and heart function indi-
cators, congenital defects, overweight, leukaemia, paediatric 
central nervous system tumours, type 1 diabetes, and adverse 
behavioural and visuomotor outcomes). For large size at 
birth, there are numerous areas with inconclusive results. 
There is also a need to conduct meta-analyses on the 14 
subthemes without one.

	► Address gaps in populations studied by further examining 
associations by different age groups and by sex, and by 
conducting additional research in low-income and middle-
income countries for specific subtopics, particularly where 
risks may differ because of differences in access to treatment 
and preventive measures, or to differing epigenetic and envi-
ronmental exposures.

	► Conduct theme-based meta-analyses starting with subthemes 
that are inconsistent in the literature and with meta-analysis 
that have low-quality scores. Considering the different 
reasons for inconsistency indicated in the discussion, future 
research would benefit from subanalysis of the associations 
stratified by age at the occurrence of the outcome and by the 
sex of the child.

Acknowledging that both small and large size at birth contribute 
to multiple burdens of diseases, this study gives further evidence 
on the importance of correctly measuring size at birth in order 
to be able to intervene properly. Compiling this evidence allows 
researchers and policymakers to understand potential pathways 
for child survival and to further explore pathways for children to 
attain their full thriving potential. This study provides guidance 
to funders and researchers to help prioritise understanding of 
inconsistent evidence in the literature and to inform and priori-
tise points of interventions that contribute the most to disability-
adjusted life years.
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