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A B S T R AC T
Background Low birth weight (LBW) affects 6.9% of all UK births and has remained largely unchanged for many years. The United Nations and
the World Health Assembly have set targets to substantially reduce global incidence. Understanding the contribution of modifiable risk factors to
the burden of LBW is required to ensure appropriate interventions are in place to achieve this reduction.
Methods Data from published studies on the risks from key modifiable factors were used alongside prevalence data from the Welsh population
to calculate the population attributable risk for each factor individually and in combination.
Results Fourteen risk factors accounted for nearly half of LBW births, and 60% of those to younger mothers (,25 years). Tobacco smoke
exposure was the largest contributor. We estimated that smoking in pregnancy was a factor in one in eight LBW births, increasing to one in five
for women aged under 25.
Conclusions Risk factors are interrelated and inequitably distributed within the population. Exposure to one factor increases the likelihood of
exposure to a constellation of factors further increasing risk. Action to address LBW must consider groups where the risk factors are most
prevalent and address these risk factors together using multi-component interventions.
Keywords low birth weight, modifiable risk factors, population attributable risk, pregnancy, tobacco

Introduction
Approximately 53 000 UK live births (6.9%)1 were low birth
weight (LBW) (born weighing ,2500 g). Birth weight is inversely associated with infant mortality,2 and LBW is predictive
of educational achievement,3 disability2 and diabetes, stroke
and heart disease risk in adults.2 It is a key predictor of health
inequalities and a key indicator of poverty. The United Nations
General Assembly Special Session on Children targeted a reduction in LBW prevalence of one-third between 2000 and
2010,4 and the World Health Assembly endorsed targets to
reduce LBW prevalence by 30% by 2025.5 LBW is considered
a major factor in achieving Millennium Development Goal 4
on reducing infant mortality. However, LBW in the UK
increased by 3% between 1980 and 2010.1
A number of risk factors are understood to cause LBW.2
Smoking in pregnancy is emphasized as a signiﬁcant modiﬁable risk factor. The population attributable risk (PAR) from
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maternal smoking is estimated to be between 10 and 27%;6
however, this is directly related to maternal smoking prevalence and varies according to local prevalence.6 Inversely, 73–
90% of LBW births are consequently attributable to other
factors. It is therefore important to understand the impact of
all modiﬁable factors.
Key risk factors from studies published up to December
2006, with outcomes of LBW, were examined in a 2008
report by the Institute of Health Economics (IHE).2 One
hundred and thirty-one additional studies published between
January 2007 and December 2013, estimating effect sizes for
risk factors identiﬁed in the IHE report, were reported by
Public Health Wales.7
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This article uses these effect sizes alongside prevalence estimates to estimate the burden of LBW that is modiﬁable at the
population level, and how this burden varies according to maternal age, using Wales as an example.

Methods

As LBW prevalence across the UK is ,10%,1 we assumed
the ‘rare disease assumption’ to hold and considered published ORs to be equivalent to RRs.
Population attributable fraction (PAFe) for individual risk
factors was estimated from the relative risk (RRe) and the proportion of the population exposed (Pe) (Equation 1).8

A three-phase approach estimated the PAR for a range of
modiﬁable risk factors.
Data on effect sizes for risk factors

The articles included contained a relative risk (RR) or odds
ratio (OR) of an LBW outcome associated with risk factors
considered plausible and acceptably modiﬁable at a population
level as a major ﬁnding of the study. Judgements on population
modiﬁability were wider than individuals (e.g. young maternal
age is modiﬁable by reducing teenage pregnancy) but acknowledged that some factors are not acceptably modiﬁable (e.g. discouraging older parenthood). Some factors had an unclear
biological pathway and high risk of confounding with other
known factors making causality implausible.
Effect size estimates were selected using the following hierarchy
(i) Pooled results from a number of studies in published
meta-analyses.
(ii) Larger or more recent studies with good evidence of
control of confounders.
(iii) Smaller, older or lower quality studies.
Estimation of prevalence in Wales

Prevalence data were searched pragmatically with selected
values based on a hierarchy of sources:
(a) Welsh Government or UK Government statistics speciﬁc
to Wales
(b) UK Government Published Statistics speciﬁc to UK,
England or Scotland
(c) English or Scottish Regional Statistics from Government
Bodies
(d) Cohort or cross-sectional research studies based in the UK
(e) Combinations of the above
Preference was given to data on pregnant populations compared with the general population. Prevalence in under-25s
often required application of age-speciﬁc rates or RRs to the
proportion of babies born to mothers in speciﬁc age bands.
Application of effect size and prevalence data
to calculate attributable risks

The proportion of LBW births avoidable by removing exposure contributory factors was calculated for the general population and those aged under 25 years.
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PAFe ¼

Pe ðRRe  1)
ðPe ðRRe  1)) + 1

ð1Þ

Not all risk factors identiﬁed could be studied in detail; therefore, we included only factors that had a PAF estimate
.0.5%.
The combined effect of risk factors is not additive as
overlap means the outcome can be attributed to more than
one risk factor. The combined PAF was estimated as the
product of one minus each individual PAF (Equation 2).8
n

combined PAF ¼ 1  ð P ð1  PAFe ÞÞ
i¼1

ð2Þ

PAFs are presented as PAR percentages, representing the proportion of LBW births preventable by removing the exposure.
Selection of risk factors

Therefore, to be included as a factor needed to meet six
criteria (Table 1).
† Being associated with LBW (,2500 g only) in a published
study.
† Acceptably modiﬁable at a population level.
† Not currently screened for in pregnancy—Some infections
are screened prenatally to reduce risk of adverse consequences in pregnancy.
† Plausible causal link to LBW.
† Equivalent prevalence data available—Some modiﬁable
risk factors with important contributors had no comparable estimates of exposure prevalence.
† PAR estimates should be .0.5%.

Results
Risk factors and effect sizes

Seventy-three studies covering 14 risk factors including
tobacco smoke, substance misuse, infections and nutritional
factors met the inclusion criteria (Table 2).
Active smoking13,37 – 41 and environmental tobacco smoke
(ETS) exposure33,38,42 – 44 in pregnancy consistently increased
the risk of LBW. Risks were higher for active smoking than
for ETS exposure, which is consistent with strong evidence
of a dose –response relationship for tobacco smoke and LBW.
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Table 1 Risk factors included and excluded based on factors previously identified as having an association to low body weight2,7
Risk factors
Excluded

Included

No published RR or OR for LBW

Not considered acceptably

Direct causality

No equivalent

Screened in

PAR <0.5%

Hierarchy Group 1a

(<2500 g) outcome

modifiable at population level

unlikely

prevalence data

pregnancy

estimate

Smoking in pregnancy

Folic acid

Long birth interval

Minority race

Adverse psychosocial

Syphilis

Malaria

ETS exposure indoors

Vitamin D

Previous history of LBW

Unmarried parents

factors

HIV

Trichomoniasis

Bacterial vaginosis

Urinary tract infections

Maternal anatomical factors

Acculturation

Traffic density (proxy for

Gonorrhoea

Short inter-pregnancy

Air pollution

Infertility and IVF treatment

Biracial couples

air pollution)

Indoor air

interval

Older maternal age

Unintended

NOx

pollution

Severe gum disease

Foetal factors

pregnancy

CO

Chlamydia

SO2

Cocaine

Occupational factors

Heroin/methadone
Low BMI
Anaemia
Alcohol
Hierarchy group 2a
Teenage pregnancy
Cannabis
intimate partner
violence
Hierarchy group 3a
None

a

Risk estimate available from—Group 1: published meta-analyses; Group 2: Large or recent study with good evidence of control of confounders; Group 3: Small, older or lower quality studies.
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Table 2 Prevalence and effect size estimates for modifiable risk factors for LBW ranked by their effect size
Risk factor

Effect size
Risk range

Prevalence
Selected RR/OR

Sourcea

Population prevalence (%)

,25-year-old prevalence

Source

Heroin/methadone

1.74 –4.61

3.28

9

2

No data

10

Cocaine

2.15 –4.42

2.85

11

1

No data

12

Smoking in pregnancy

16

28%

14

Traceb

16

1.43 –2.00

1.9

13

Severe gum disease

1.5 –1.8

1.8

15

Cannabis

0.7 –1.7

1.7

17

6.4

Low BMI

1.64 –1.7

1.64

19

3

Inter-pregnancy interval (1– 5 m)

1.06 –3.54

1.61

21

2

2.2%

22,23,24

1.5 –1.53

1.53

25

5

No data

26

Intimate partner violence

2b

Chlamydia

0.19 –1.52

1.52

27

5

Bacterial vaginosis

1.43 –2.02

1.43

29

14.5

13.5%b

18

7%

20

9%

28

22.6%

30
32

Anaemia

1.29 –1.94

1.29

31

24

30%

ETS exposure indoors

1.22 –1.38

1.32

33

24

34%b

34

1.1 –2.9

1.17

35

7

22.9%

24

Inter-pregnancy interval (6– 11 m)

1.06 –3.54

1.14

21

5.9

4.9%

22,23,24

Inter-pregnancy interval (12– 18 m)

1.06 –3.54

1.06

21

8.1

6.2%

22,23,24

Alcohol

0.64 –2.67

1.06

36

39

30%

14

Teenage pregnancy

a

A hierarchy of sources was used in effect size selection. Source listed is for selected study only.

b

General population studies were used as a source of prevalence data for these risk factors as no suitable studies during pregnancy were available.

Substance misuse including alcohol and illicit drugs increased
the risk of LBW.2 Drinking alcohol increased risk of LBW compared with abstinance.31,36 Alcohol has a clear dose–response relationship with LBW45 with risk rapidly increasing with increased
consumption, consequently drinker versus non-drinker assessments may be over-simplistic. Most women who drank throughout pregnancy reported consumption of ,1 unit per week,14
which studies suggest has a minimal effect.31 Self-reported ﬁndings are likely to underestimate the true exposure, consequently, it
is arguably best to base impact on a dichotomous drank/did not
drink status. Cannabis use increased risk, although disagreement
exists about its statistical signiﬁcance.17,46 – 49 The estimate selected
was from a large recent study which adequately controlled for
alcohol, smoking and other illicit drugs and showed a signiﬁcant
effect.17 Use of heroin, methadone and cocaine showed the
highest risk,9,11,50 suggesting those using illicit drugs in pregnancy
or in harm reduction programmes are at especially increased risk.
Healthy weight and nutrition affect pregnancy outcomes.
Substantial focus is placed on high body mass index (BMI),
which was not linked to increased risk of LBW.51,52 However,
low BMI is associated with increased risk of having a LBW
baby.19,51 Anaemia is also a cause of LBW.31,53,54 A linear dose–
response relationship between LBW risk and dietary iron exists
with risk decreasing 3% for every 10 mg additional iron intake.31
Intervention trials show at 20% reduction in risk associated with
supplementation,55,31 and a causal link is considered plausible.8

Infections including sexually transmitted infections, other
non-STI genital infections and oral infections2 before or during
pregnancy increase LBW risk. Individual studies examining
Chlamydia infection were inconclusive.56 – 59 However, a metaanalysis reported a statistically signiﬁcant increase in risk of
LBW.27 Bacterial vaginosis, which is commonly experienced in
pregnancy, and periodontal infections (gum disease and gingivitis) are also associated with increased risk of LBW.15,29,60 – 62
Maternal age has a U-shaped relationship with LBW displaying increased risk at both extremes and is an independent
risk factor especially for the youngest mothers.2 A range of
risks has been published especially for the youngest
mothers;35,43,63 – 68 however, risk is increased for all teenagers.
In Wales, only a small proportion of teenage mothers are
under 16, consequently the most appropriate estimate was
based on mothers aged ,20.35 Inter-pregnancy interval also
has a U-shaped relationship with lowest risk at an interval of
18– 24 months.21 Intimate Partner or Domestic Violence is
also a risk factor for LBW.2,25,69 Two systematic reviews and
meta-analyses presented similar ﬁndings estimating a 50%
increased risk for those exposed.25,69
Estimation of prevalence in Wales

The prevalence of risk factors was estimated using the hierarchy outlined (Table 2). Prevalence for under-25s could not
always be estimated or did not use using the highest ranking
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source. There were no published estimates of age-speciﬁc
prevalence of cocaine and heroin use. Some evidence suggested that lifetime occurrence of intimate partner violence
(IPV) is more prevalent in older age categories;70,71 however,
measuring lifetime experience may skew results as older
women have more years at risk or may be more conﬁdent to
admit historical experience of domestic violence. The general
population prevalence was therefore applied to under-25s for
these factors.
ETS, periodontal infections and cannabis prevalence
required age-speciﬁc rates which were available only from
general population studies rather than from studies conducted
in pregnancy to determine prevalence in under-25s group.
ETS exposure in pregnancy is measured for all pregnant
women by the infant feeding survey (IFS).14 The Welsh
Health Survey (WHS) publishes age-speciﬁc rates for exposure to tobacco smoke indoors,34 but these were not restricted
to pregnancy. All persons aged 16– 4434 were consistent with
the reported prevalence in the IFS for all non-smoking
mothers exposed to ETS,14 so WHS data were used for both
age groups.
Periodontal infections in women were estimated by the 1999
Adult dental health survey (ADHS) showing a strong age gradient and low prevalence in women of child-bearing age (aged
24–44 ¼ 2–3%, aged ,24 ¼ ,1%).16 A pregnancy-speciﬁc
cohort study estimated prevalence to be much higher (7.2%);
however, the authors recognized that pregnancy hormones can
lead to false positives.72 Consequently, the prevalence estimates
for adult women aged under 44 from the ADHA were used.16
The National Crime Survey (NCS) showed that cannabis
use was age dependent (6.4%—all adults versus 13.5% in
16 –24 years old).18 Pregnancy-speciﬁc research studies produced varied estimates of cannabis use (5 –15%),12,18,73 – 75
although participants did not always represent the whole
population. The Avon Longitudinal Study of Parents and
Children (ALSPC) used self-reported data from 12 000 participants to estimate cannabis use prevalence in pregnancy at
6%.73 This supports the NCS estimates suggesting little difference between Cannabis use in pregnancy and the general
population. Consequently, the NCS was considered a good
proxy for exposure in pregnancy in both age groups.18
Inter-pregnancy interval used a composite of sources to estimate prevalence. A large Scottish study recorded age-speciﬁc
inter-pregnancy interval rates.23 Ofﬁcial statistics for 201322,24
provided the proportion of all births with older siblings in each
age group and age-speciﬁc rates for the intervals were then
applied to these. Prevalence was lower in the under-25s on
account of a lower proportion of births with a sibling; however,
this masks that babies born to younger mothers who already
have at least one child are far more likely to have very short birth

intervals (Intervals ,6 months—24% in under-20s versus
,5% in 20–35 year olds).
Only alcohol use and periodontal infections showed a
direct association with age where increasing age increased exposure,14,16 resulting in a lower prevalence in younger adults
than for the population as a whole.

Population attributable risks in Wales

For most risk factors, PAR was highest in younger mothers
(age ,25 years) (Table 3). Nearly half of all LBW births
rising to nearly 60% to mothers aged under 25 could be prevented by removing exposure to these 14 risk factors.
Maternal tobacco smoke exposure is the largest modiﬁable
cause of LBW in Wales and the principal contributor to inequalities. One in eight LBW births are attributable to active
smoking rising to one in ﬁve for mothers under age 25 years.
For non-smokers, exposure to ETS is responsible for the
highest proportion.
Poor nutrition, especially in younger mothers, also contributes substantially as evidenced by the contribution of
anaemia and low BMI. Substance misuse is also a major contributor, and although prevalence of heroin and methadone
use is low, the magnitude of the increased risk ensures these
substances are among the largest contributors to the burden
of LBW.
Table 3 PARs for low birth weight from modifiable risk factors pregnant
women of all ages and those under 25
Risk factor

PAR
Population (%)

Under 25 years (%)

Smoking in pregnancy

12.8

20.3

ETS exposure indoors

7.1

9.8

Anaemia

6.5

8

Bacterial vaginosis

5.9

8.9

Heroin/methadone

4.4

a

Cannabis

4.3

8.6

Inter-pregnancy interval

2.9

3.3

Chlamydia

2.5

4.6

Intimate partner violence

2.4

a

Alcohol

2.3

1.8

Cocaine

2

a

Low BMI

1.8

4.3

Severe gum disease

1.6

0

Teenage pregnancy

1.1

3.7

45.1

57.8

Totals
a

Assumed to be identical to general population as no age-specific

prevalence data available.
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Sexual health also plays a key role. Bacterial vaginosis,
Chlamydia and teenage pregnancy are responsible for substantial inequalities. One in 30 LBW births could be prevented by increasing birth interval, with slightly more
preventable in younger age groups.

Discussion
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non-LBW births80 when converted to 2013 values.81 Two
thousand four hundred LBW births occur in Wales.82
Removing exposure to modiﬁable risk factors and concomitant reduction in LBW could save NHS maternity services an
estimated to be £2.15million on the additional cost of LBW
births alone based on PARs in this study. Expanded across
the UK, this means over 24 000 preventable LBWs costing
the NHS £49 million.

Main findings of this study

The modiﬁable risk factors examined could be responsible
for nearly half of all LBW births. The most striking ﬁnding is
that most risk factors are more prevalent in younger mothers.
Consequently, the proportion of preventable LBW births in
this group is much higher. Limitations in the approach introduce uncertainty around the magnitude of the total burden attributable to modiﬁable risk factors. However, these factors
contribute substantially and more so in younger mothers.
Individual risk factors can be grouped together and associated with key determinants that need to be addressed if substantial improvements are to be achieved (Fig. 1) and these
cluster around the youngest mothers and the most deprived
communities.
Moreover, the risk factors cannot be addressed in isolation.
Many of these risk factors, although independently associated
with LBW are also strongly linked to each other. Bacterial
vaginosis is more common in smokers, those with vitamin D
deﬁciency and those with multiple sexual partners.30,76,77
Infection with BV increases susceptibility to developing
Chlamydia.78 Substance misuse and tobacco use are strongly
associated.72 Additionally IPV, unintended pregnancy and
substance misuse are associated with LBW and each other.79
The overlapping links identiﬁed existing between risk factors
and behaviour groups (Fig. 2 and Supplementary data,
Table S1) demonstrate that women, and most likely those
under 25, are affected by constellations of risk factors and
that addressing them individually will not achieve the desired
effect.
The most inﬂuential independent factor and the one most
linked to other risks is tobacco smoke exposure. Even if maternal smoking was reduced to zero in pregnancy, the exposure to partners and family members smoking ensures tobacco
smoke remains the largest independent modiﬁable cause of
LBW. Consequently, risk factors must not be addressed solely
at an individual level, but at a household, family and community level. Reducing both smoking and environmental tobacco
exposure in pregnancy and to children in early years must be
the main public health priority if this issue is to be addressed.
It has been estimated that the cost to the NHS of delivering
LBW babies is on average £1993 more expensive than

What is already known?

Existing literature identiﬁed a wide range of risk factors for
LBW and produced wide ranging effect size estimates. The
quality of these studies and the outcomes they report are
varied. However, for many factors it has allowed good estimation of the magnitude of the risk. The prevalence of some
risk factors in the UK is also known either from cohort
studies or from ofﬁcial statistics, although not in every case.
Despite this data being available, the overall contribution of
the risk factors to LBW in Wales or the UK has not been previously explored.
What this study adds?

This study combined evidence on modiﬁable risk factors and
their prevalence in Wales to quantify the impact on LBW. It
has shown how these risk factors cluster and form constellations around individuals. Young mothers in deprived communities are more likely to be exposed to most of the other
modiﬁable risk factors as well. The magnitude of the health
inequalities experienced by younger mothers and their babies
is shown with LBW much more likely. It must be remembered
that those under 24 are nearly 25% of the general population,
and therefore, the gap between those most at risk (generally
,24 in lower SES categories) and those least at risk (generally
.30 professional women) will be even greater.
Limitations of the study

The data used to estimate prevalence is based on a cornucopia
of disparate sources examining populations with varied location and age, adding uncertainty to the estimates and to
whether they are representative of Wales or any population.
This is likely to be a non-systematic error that will lead to
random under or over estimation of prevalence for each risk
factor.
Additionally, the study is unable to examine the links
between the risk factors to the extent desired. Even when
grouped, the PAR estimates still consider the risk factors independently. The true increased risk for an individual exposed to
numerous risk factors is unclear. The underlying assumption is
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Severe gum
disease

Tobacco
smoke

Bacterial
vaginosis

Alcohol

Anaemia

Cannabis
use

Folic acid

Smoking or
living with a smoker

Cocaine use

Low BMI
substance
misuse
Poor diet

Heroin/
methadone

High BMI

Low SES
age < 24

Unintended
pregnancy

Vitamin D
Risky sexual
behaviours

Poor housing
/environment

Teenage
pregnancy

PAR (%)
> 10%

Stress

Short
pregnancy
interval

Occupational
factors
Chlamydia

5 – 10%

Intimate
partner
violence

Air
pollution

2.5 – 4.9%
< 2.5%
Not quantified
Fig. 1 Grouping of individual risk factors around behaviours which place the largest burden of risk on younger mothers.

that inﬂuence is additive, each additional factor contributes the
same additional risk it would independently. The model
assumes factors overlap but do not inﬂuence. We know these
inﬂuences exist, e.g. a cannabis user is more likely to smoke,
and consequently is more likely to develop BV, etc., through
the chain. The effect is a systematic bias, but it is difﬁcult to determine whether risk is systematically under- or over-estimated.
We acknowledge that this methodology resulted in the exclusion of some risk factors with good evidence of an association

with LBW due to insufﬁcient evidence quantifying this effect,
but their contribution should not be ignored.7 Robust objective
estimates exist for a limited number of factors and important
risk factors (e.g. Vitamin D and air pollution) were unquantiﬁable, because effect size or prevalence data in the correct
format were not available. For birth interval, no detailed ofﬁcial
statistics are published, only medium interval, and so estimates
have to be extrapolated from several sources. The cornucopia
of different outcomes used, e.g. LBW, small of gestational age,
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Characteristics

Aged
<25

Short IPI

Behaviours

Poor housing
/environment

Air pollution
Occupational
factors

Teenage
pregnancy

Risk factors

Links

Stress
Risky sexual
behaviours

Low BMI
Unintended
pregnancy

Bact. Vagin.

Vitamin D
deficiency
Poor diet
Anaemia

Tobacco smoke

Severe gum
disease
Chlamydia.
Cannabis
Intimate
partner
violence

Low selfesteem

Cocaine
Heroin/
methadone

Alcohol
Substance
misuse

PAR (%)
> 10%
5 – 10%

Low
SES

2.5 – 4.9%
< 2.5%
Not quantified
Fig. 2 Relationship web between risk factors for LBW.

mean birth weight reduction, etc., limit data availability and
make a judgement on the effect size challenging as terminology
is not comparable. It becomes difﬁcult to prove what the
weight of evidence suggests and contributions from risk
factors (e.g. vitamin D deﬁciency) cannot be demonstrated.
Being unable to quantify factors that make substantial contributions to LBW, and are not independent of those quantiﬁed,
leads to systematic under-estimation of impact.
To address these limitations, more research into the prevalence of the main risk factors in Wales and the extent to which
factors inﬂuence each other is needed. A better understanding
of how factors combine to increase risk is required. The calculations are underpinned by assumptions of independence
and causality. Consequently, risks are assumed to be additive,
and factors combine randomly. We know this is not the case.
The risk factors are identiﬁed from observational studies and
may not be causal or may share causal pathways. To fully
understand the extent of the burden on healthcare and health
inequalities these modiﬁable risk factors cause through LBW,
we need to fully understand the interactions.

Conclusion
The majority of LBW is avoidable by addressing the modiﬁable risk factors. Parts of our communities are hit hardest by
this burden, and it is possible to see that young women are
caught within constellations of factors. A change of approach
is vital, moving from addressing individual risk factors with
individuals in isolation to addressing co-occurring groups of
factors with the whole family, household and community
around the women most at risk.

Supplementary data
Supplementary data are available at the Journal of Public Health
online.

References
1 OECD. Infant Health: Low Birth Weight. In Health at A Glance: Europe
2012. Paris: OECD Publishing, 2012.

130

J O U R NA L O F P U B L IC H E A LT H

2 Ohlsson A, Shah P. Determinants and Prevention of Low Birth Weight: A
Synopisis of the Evidence. Alberta, Canada: Institute of Health Economics,
2008.
3 Breslau N, Paneth NS, Lucia VC. The lingering academic deﬁcits of
low birth weight children. Pediatrics 2004;114(4):1035 – 40.
4 UNICEF and World Health Organisation. Low Birthweight: Country,
Regional and Global Estimates. New York: UNICEF, 2004.
5 WHO. Global Nutrition Targets 2025: Low Birth Weight Policy Brief.
Geneva: World Health Organisation, 2014.
6 Jones S, Tyler E, Brassey J et al. Smoking in Pregnancy: Brieﬁng Paper
Reproductive and Early Years Pathﬁnder Project. Cardiff: Public Health
Wales, 2012.
7 Johnson CD, Jones S, Paranjothy S. Low Birth Weight: Review of Risk
Factors and Interventions. Cardiff: Public Health Wales, 2014.
8 Black RE, Victora CG, Wlaker SP et al. Maternal and child undernutrition and overweight in low-income and middle income countries.
Lancet 2013;382:427–51.
9 Hulse GK, Milne E, English DR et al. The relationship between
use of heroin and methadone and infant birth weight. Addiction
1997;92(11):1571 – 9.
10 Crome IB, Kumar MT. Epidemiology of drug and alcohol use in
young women. Semin Fetal Neonatal Med 2007;12:98 –105.
11 Addis A, Moretti ME, Ahmed SF et al. Fetal effects of cocaine: an
updated meta-analyses. Reprod Toxicol 2001;15(4):341 – 69.
12 Jones SJ, Jones C, Smith J et al. Early Years Pathﬁnder Project: Substance
Misuse (Alcohol and Drugs). Cardiff: Public Health Wales, 2012.
13 Walsh RA. Effects of maternal smoking on adverse pregnancy outcomes:
examination of the criteria of causation. Hum Biol 1994;66(6):1059–92.
14 Health and Social Care Information Centre. Infant Feeding Survey 2010.
London: HSCIC, 2012.
15 Corbella S, Taschieri S, Francetti L et al. Peridontal disease as a risk
factor for adverse pregnancy outcomes: a systematic review and
meta-analysis of case control studies. Odontology 2012;100:232– 40.
16 Morris AJ, Steele J, White DA. The oral cleanliness and periodontal
health of UK adults in 1998. Br Dent J 2001;191(4):186 – 92.
17 Hayatbakhsh MR, Flenady VJ, Gibbons KS et al. Birth outcomes
associated with cannabis use before and during pregnancy. Pediat Res
2012;71(2):215 –9.
18 UK Government. Findings From the 2012 to 2013 National Crime Survey
for England and Wales. London: UK Government, Home Ofﬁce, 2013.
19 Han YS, Ha EH, Park HS et al. Relationships between pregnancy outcomes, biochemical markers and pre-pregnancy body mass index. Int
J Obes 2011;35(4):570–7.
20 Denison FC, Norwood P, Bhattacharya S et al. Association between maternal body mass index during pregnancy, short term morbidity, and increased
health service costs: a population based study. BJOG 2014;121:72–82.
21 Conde-Agudelo A, Rosas-Bermudez A, Kafury-Goeta AC. Birth Spacing
and risk of adverse perinatal outcomes. JAMA 2006;295(15):1809–23.

24 Health Statistics Analysis Unit. Hlth1511 Live Births by Age of Mother.
Wales: Welsh Government, 2011.
25 Shah PS, Shah J. Maternal exposure to domestic violence and pregnancy and birth outcomes: a systematic review and meta-analyses.
J Womens Health 2010;19(11):2017 – 31.
26 Bowen E, Heron J, Waylen A et al. Domestic violence risk during and
after pregnancy: ﬁndings from a British Longitudinal study. BJOG
2005;112:1083 – 9.
27 de Attayde Silva MJP, Florencio GLD, Gabiatti JRE et al. Perinatal
morbidity and mortality associated with chlamydial infection: a
meta-analysis study. Braz J Infect Dis 2011;15(6):533 – 9.
28 Adams EJ, Charlett A, Edmunds WJ et al. Chlamydia trachomatis in
the United Kingdom: a systematic review and analysis of prevalence
studies. Sexually Transm Infect 2004;80:354– 62.
29 Flynn CA, Helwig AL, Meurer LN. Bacterial vaginosis in pregnancy and
the risk of prematurity: a meta-analysis. J Fam Pract 1999;4(11):885–92.
30 Oakeshott P, Hay P, Hay S et al. Association between bacterial vaginosis or chlamydial infection and miscarriage before 16 weeks’ gestation: prospective community based cohort study. Br Med J 2002;
325(7376):1334– 1339.
31 Haider BA, Oloﬁn I, Wang M et al. Anaemia, prenatal iron use,
and risk of adverse pregnancy outcomes: systematic review and
meta-analysis. Br Med J. 2013;346:f3443.
32 Barroso F, Allard S, Kahan BC et al. Prevalence of maternal anaemia
and its predictors: a multi-centre study. Eur J Obstet Gynecol Reprod Biol
2011;159(1):99 –105.
33 Leonardi-Bee J, Smyth A, Britton J et al. Environmental tobacco
smoke and fetal health: systematic review and meta-analysis. Arch Dis
Child Fetal Neonatal Ed 2008;93:F351 – 61.
34 Welsh Government. Welsh Health Survey 2012. Cardiff: Welsh
Government, 2013.
35 Haldre K, Rahu K, Karro H et al. Is poor pregnancy outcome related
to young maternal age? A study of teenagers in Estonia during the
period of major socio-economic changes (from 1992 to 2002). Eur J
Obstet Gynecol Reprod Biol 2007;131:45 – 51.
36 Patra J, Bakker R, Irving H et al. Dose-response relationship between
alcohol consumption before and during pregnancy and the risks of
low birthweight, preterm birth and small for gestational age (SGA) - a
systematic review and meta-analyses. BJOG 2011;118:1411 – 21.
37 Bada HS, Das A, Bauer CR et al. Low birth weight and preterm
births: etiologic fraction attributable to prenatal drug exposure.
J Perinatol 2005;25:631 – 7.
38 Horta BL, Victora CG, Menezes AM et al. Low birthweight, preterm
births and intrauterine growth retardation in relation to maternal
smoking. Paediatr Perinat Epidemiol 1997;11:140 – 51.
39 Jaddoe VW, Troe EJ, Hofman A et al. Active and passive maternal smoking
during pregnancy and the risks of low birthweight and preterm birth:
the Generation R Study. Paediatr Perinat Epidemiol 2008;22(2):162–71.

22 Ofﬁce for National Statistics. Births: Characteristics of Mother 2,
England and Wales, 2013. Newport: Ofﬁce for National Statistics, 2014.

40 Vahdaninia M, Tavaﬁan SS, Motazeri A. Correlates of low birth
weight in term pregnancies: a retrospective study from Iran. BMC
Pregnancy Childbirth 2008;8(1):12 – 7.

23 Smith GC, Pell JP, Dobbie R. Interpregnancy interval and risk of
preterm birth and neonatal death: retrospective cohort study. Br Med J
2003;327:313 –9.

41 Raatikainen K, Huurinainen P, Heinonen S. Smoking in early gestation or through pregnancy: a decision crucial to pregnancy outcome.
Prev Med 2007;44:59 – 63.

RE DU C I N G L BW

131

42 Windham G, Fenster L. Environmental contaminants and pregnancy
outcomes. Fertil Steril 2008;89(2 Suppl):e111 – 6.

62 Konopka T, Paradowska-Stolarz A. Peridontitis and risk of pre-term
birth and low birthweight - a meta-analysis. Ginekol Pol 2012;83:446–53.

43 Metgud CS, Naik VA, Mallapur MD. Factors affecting birth weight of
a newborn - a community based study in rural Karnataka, India.
PLoS ONE. 2012;7(7):e40040.

63 Gibbs CM, Wendt A, Peters S et al. The impact of early age at ﬁrst
childbirth on maternal and infant health. Paediatr Perinat Epidemiol
2012;26(Suppl. 1):259 – 84.

44 Ghosh JK, Wilhelm M, Ritz B. Effects of residential indoor air
quality and household ventilation on preterm birth and term low
birth weight babies in Los Angeles County, California. Am J Public
Health 2013;103(4):686 –94.

64 Fraser AM, Brockert JE, Ward RH. Association of young maternal age
with adverse reproductive outcomes. N Engl J Med 1995;332(17):1113–7.

45 Mariscal M, Palma S, Llorca J et al. Pattern of alcohol consumption during
pregnancy and risk for low birth weight. Ann Epidemiol 2006;16(6):432–8.
46 English DR, Hulse GK, Milne E et al. Maternal cannabis use and
birth weight: a meta analysis. Addiction 1997;92(11):1553 – 60.
47 Shinono HP, Klebanoff MA, Nugent RP et al. The impact of cocaine
and marijuana use on low birth weight and preterm birth: a multicenter study. Am J Obs Gynecol 1995;172(1 pt 1):19 –27.
48 van Gelder MMHJ, Reefhuis J, Caton AR et al. Characteristics of
pregnant illicit drug users and associations between cannabis use and
perinatal outcomes in a population-based study. Drug Alcohol Depend
2010;109:243–7.
49 Schempf AH, Strobino DM. Illicit drug use and adverse birth outcomes: is it drugs or context. J Urban Health 2008;85(6):858– 73.
50 Pinto SM, Dodd S, Walkinshaw SA et al. Sustance abuse during pregnancy: effect on pregnancy outcomes. Eur J Obstet Gynecol Reprod Biol
2010;150:137–41.
51 Bhattacharya S, Campbell DM, Liston WA et al. Effect of body mass
index on pregnancy outcomes in nulliparous women delivering singleton babies. BMC Public Health 2007;7:169 – 76.
52 McDonald SD, Han Z, Mulla S et al. Overweight and obesity in
mothers and risk of preterm birth and low birthweight infants: systematic review and meta-analyses. Br Med J 2010;341:c3428.

65 Kurth F, Belard S, Mombo-Ngoma G et al. Adolescence as a risk
factor for adverse pregnancy outcome in Central Africa - a cross sectional study. PLoS One 2010;5(12):e14367.
66 Coutinho PR, Cecatti JG, Surita FG et al. Factors associated with low
birth weight in a historical series of deliveries in Campinas, Brazil. Rev
Assoc Med Bras 2009;55(6):692 – 9.
67 Trivedi SS, Prsrija S. Teenage pregnancies and their obstetric outcomes. Trop Doct 2007;37(2):85 –8.
68 Stewart CP, Katz J, Khatry SK et al. Preterm delivery but not intrauterine growth retardation is associated with young maternal age among
primiparae in rural Nepal. Matern Child Nutr 2007;3(3):174–85.
69 Boy A, Sailhu HM. Intimate partner violence and birth outcomes: a
systematic review. Int J Fertil Womens Med 2004;49(4):159– 64.
70 Johnson JK, Haider F, Ellis K et al. The prevalence of domestic violence in pregnant women. BJOG 2003;110:272– 5.
71 Bacchus L, Mezey G, Bewley S. Domestic violence: prevalence in
pregnanct women and associations with physical and psychological
health. Eur J Obs Gynacol 2004;113:6 – 11.
72 Moore S, Ide M, Coward PY et al. A prospective study to investigate
the relationship between periodontal disease and adverse pregnancy
outcome. Br Dent J 2004;197(5):251– 8.
73 Fergusson DM, Horwood LJ, Northstone K et al. Maternal use of
cannabis and pregnancy outcome. BJOG 2002;109:21 – 7.

53 Xiong X, Buekens P, Alexander S et al. Anemia during pregnancy and
birth outcome: a meta-analysis. Am J Perinatol 2000;17(3):137 – 46.

74 Sherwood R, Keating J, Kavvadia V et al. Substance misuse in early pregnancy and relationship to fetal outcome. Eur J Paeds 1999;158:488–92.

54 Rasmussen K. Is there a causal relationship between iron deﬁciency
or iron-deﬁciency anaemia and weight at birth, length of gestation
and perinatal mortality. J Nutr 2001;131(2S-2):590S –601S.

75 Williamson S, Jocobsen L, Skeoch C et al. Prevalence of maternal
drug misuse by meconium analysis. Arch Dis Child 2003;88:A17– 21.

55 Peña-Rosas J, De-Regil L, Dowswell T et al. Daily oral iron supplementation during pregnancy. Cochrane Database Syst Rev 2012;CD004736.
56 Watson-Jones D, Weiss HA, Changalucha JM et al. Adverse birth outcomes in United Republic of Tanzania - impact and prevention of
maternal risk factors. Bull World Health Organ 2007;85(1):9 – 18.
57 Waight MT, Rahman MM, Soto P et al. Sexually transmitted diseases
during pregnancy in Louisiana, 2007–2009: high risk populations and
adverse newborn outcomes. J La State Med Soc 2013;165(4):219–26.
58 Rours G, Duijts L, Moll HA et al. Chlamydia trachomatis infection
during pregnancy associated with preterm delivery: a populationbased prospective cohort study. Eur J Epidemiol 2011;26(6):493 – 502.
59 Blas MM, Canchihuaman FA, Alva IE et al. Pregnancy outcomes in
women infected with Chlamydia trachnomatis: a population based
cohort study in Washington State. Sexually Transm Infect 2007;83:314–8.

76 Hay PE, Lamont RF, Taylor-Robinson D et al. Abnormal bacterial
colonisation of the genital tract and subsequent preterm delivery and
late miscarriage. Br Med J 1994;308:295– 8.
77 Morris M, Nicoll A, Simms I et al. Bacterial vaginosis: a public health
review. Br J Obstet Gynaecol 2001;108:439 –50.
78 Wiesenfeld HC, Hillier SL, Krohn MA et al. Bacterial vaginosis is a
strong predictor of Neisseria gonorrhoeae and Chlamydia trachomatis infection. HIV/AIDS 2003;36:663– 8.
79 Gazmararian JA, Adam M, Saltzman LE et al. The relationship
between pregnancy intendedness and physical violence in mothers of
newborns. Obstet Gynaecol 1995;85:1031–8.
80 Godfrey C, Pickett K, Parrott S et al. Estimating the Costs to the NHS of
Smoking in Pregnancy for Pregnant Women and Infants. York: University of
York, Public Health Research Consortium, 2010.

60 Xiong X, Buekens P, Fraser WD et al. Periodontal disease and adverse
pregnancy outcomes: a systematic review. BJOG 2006;113(2):135–43.

81 Bank of England. Inﬂation Calculator. [Online]. 2014. http://www.
bankofengland.co.uk/education/Pages/resources/inﬂationtools/
calculator/index1.aspx (28 November 2014, date last accessed).

61 Shub A, Swain JR, Newnham JP. Periodontal disease and adverse
pregnancy outcomes. J Matern Fetal Neonatal Med 2006;19(9):521 – 8.

82 Health statistics Analysis Unit. Hlth1521 Low Birth Weight by Unitary
Authority and Local Health Board. Cardiff: Welsh Government, 2011.

