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ABSTRACT
Objective This study explores the associations between
lifestyle factors and late and moderate preterm birth
(LMPT: 32+0–36+6 weeks’ gestation), a relatively under-
researched group.
Study design A population-based case–cohort study
was undertaken involving 922 LMPT and 965 term
(37+ weeks’ gestation) singleton live and stillbirths born
between 1 September 2009 and 31 December 2010 to
women residing in Leicestershire and Nottinghamshire,
UK. Poisson multivariable regression models were fitted
to estimate relative risks (RR) of LMPT birth associated
with maternal smoking, alcohol and recreational drug
use, and diet.
Results Women who smoked during pregnancy were
at 38% increased risk of LMPT birth compared with
non-smokers (RR 1.38, 95% CI (1.04 to 1.84)). Low
consumption of fruit and vegetables was associated with
a 31% increased risk compared with those who reported
eating higher consumption levels (RR 1.31 (1.03 to
1.66)). Women who did not have any aspects of a
Mediterranean diet were nearly twice as likely to deliver
LMPT compared with those whose diet included more
Mediterranean characteristics (RR 1.81 (1.04 to 3.14)).
Women who smoked and consumed low levels of fruit
and vegetables (5% of women) were at particularly high
risk (RR=1.81 (1.29 to 2.55)). There was no significant
effect of alcohol or recreational drug use on LMPT birth.
Conclusions Smoking and poor diet during pregnancy,
factors that strongly impact on very preterm birth, are
also important at later gestations and experienced
together are associated with an elevated rate of risk.
Our findings suggest early cessation of smoking during
pregnancy may be an effective strategy to reduce LMPT
births.

INTRODUCTION
Internationally, preterm birth is a major public
health concern causing over 1 million deaths annu-
ally and high rates of morbidity and disability
among survivors.1 Consequently, prevention of
preterm birth has been a major focus of interest.
Research has highlighted wide socio-economic
inequalities in the rates of preterm birth2 3 though
the precise mechanistic links for these inequalities
are unknown. Since mortality and morbidity rates
are particularly high for those infants born very
preterm (<32 weeks’ gestation), the impact of life-
style factors on this group is well documented.

In contrast, late and moderate preterm (LMPT)
births (32–36 weeks of gestation) represent 75% of
all preterm births, affecting around 40 000 births a
year in the UK alone,4 yet the impact of lifestyle
factors on delivery specifically at LMPT gestations
is poorly understood.
Many lifestyle factors are closely linked to mater-

ial and financial deprivation, and their detrimental
effects on preterm birth have been reported. Key
risk factors associated with preterm birth include
smoking,5 excessive alcohol intake6 7 and recre-
ational drug use8 during pregnancy. The biological
mechanisms by which these factors may lead to
preterm birth have not been fully elucidated.
However, it is plausible that maternal psychological
and/or physical stress, which are known to be asso-
ciated with adverse lifestyle factors, may promote
activation of neuroendocrine or proinflammatory
pathways in favour of parturition.9 There is increas-
ing research exploring the impact of maternal diet
on preterm birth, although evidence relating to a
Mediterranean-style diet (high levels of fish, fruit
and vegetable consumption and low levels of meat
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What is already known on this topic?

▸ The impact of smoking on very preterm birth is
well documented, but the effect on late and
moderately preterm (LMPT) births is poorly
understood.

▸ There is conflicting evidence regarding the
influence of diet and other lifestyle factors on
the risk of preterm birth.

What this study adds?

▸ Smoking during pregnancy is associated with
increased risk of LMPT birth.

▸ Women who give up smoking before pregnancy
or during the first trimester have similar risks of
LMPT birth to non-smokers, suggesting that
cessation by the end of the first trimester may
reduce the risk of LMPT birth.

▸ A Mediterranean diet and a diet high in fruit
and vegetables are associated with a lower risk
of LMPT birth.
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and coffee consumption)10–12 and a diet high in folate13 14 has
been inconclusive. Here we use detailed information from a
large population-based study to explore the impact of a range of
lifestyle factors on LMPT birth.

METHODS
The Late And Moderately preterm Birth Study (LAMBS) is a
prospective, population-based study of all live births and still-
births 32+0–36+6 weeks’ gestation whose mothers were nor-
mally resident in a predefined region of Leicestershire and
Nottinghamshire, UK, between 1 September 2009 and 31
December 2010. A term-born comparison group (37+0–42+6

weeks’ gestation) was recruited based on random sampling of
the times of birth of babies during the previous year. This
method overcomes the bias that may occur if more naive sam-
pling methods were used: for example, selecting the next term
birth to occur at the maternity unit after a LMPT birth. Such
sampling methods would be likely to result in an oversampling
of high-risk term births as these tend to be delivered in the
same places and times as LMPT births: for example, no births
would have been sampled from the midwifery-led unit. Analyses
were restricted to singleton births of consenting families.
Gestation was assessed using ultrasound scan in the first trimes-
ter (97.1%), last menstrual period or ultrasound scan later in
pregnancy (2.2%) or clinical assessment at birth (0.7%).

Box 1 details the categorisation of lifestyle and socio-
demographic factors. Information on smoking and alcohol use
at preconception, early pregnancy (1–13 weeks gestation’ (first
trimester)) and later pregnancy (14–32 weeks’ gestation) was
obtained via a maternal interview shortly after delivery.
Recreational drug use during pregnancy was collected as a
binary variable. Diet was explored using (1) low vegetable and
fruit intake and (2) lack of all aspects of a Mediterranean diet.
The use of folic acid supplements during pregnancy was also
recorded.

Information was obtained from the maternal interview on
factors of known clinical relevance that might confound the
relationship with LMPT birth: highest level of educational
achievement, maternal age and mother’s ethnic group. Body
mass index (BMI) was based on mother’s weight pre-pregnancy/
at booking recorded in the maternal notes.

Data were analysed as a case–cohort design,15 including all
the LMPT births and weighting the random sample of term
births to replicate all term births in the population allowing the
calculation of relative risks (RRs). Each term birth was assigned
a design weight based on the total number of 37–42 weeks’ ges-
tation births in the region (n=20 023) and divided by its prob-
ability of inclusion in the sampling frame (n=1292;
weight=15). Weighted univariable analyses were undertaken to
explore the relationship between each lifestyle factor and LMPT
birth, where the sampled subjects are weighted with the inverses
of their inclusion probabilities in the sample. Weighted Poisson
multivariable regression models were used to examine the inde-
pendent effects of these factors on LMPT birth, quantified using
estimated RRs and 95% CIs before and after adjusting for
maternal age, ethnicity, BMI and educational level. Robust SEs
were used to calculate CIs.

RESULTS
In total, 938 singleton LMPT births (83%) and 982 singleton
term births (76%) were recruited (6.0 LMPT births per 100
births >32 weeks’ gestation). Thirty births (1.6%) were
excluded due to missing information (922 LMPT and 968 term
births).

Table 1 shows the percentage and rate of LMPT births for
each lifestyle factor for the univariable analysis. Fifty-eight per
cent of women had never smoked regularly; 18% gave up
before pregnancy; 6% gave up in the first trimester and 18%
continued to smoke. Non-smokers and those who gave up
smoking before pregnancy or in the first trimester had similar
rates of LMPT birth (5.8/1000 births, 4.7/1000 births and 6.3/
1000 births, respectively), while continuing smokers had signifi-
cantly higher rates (8.4/1000 births). In contrast, the highest
rates of LMPT birth were in those women who never drank
alcohol (7.0/1000 births). Rates were lower for those women
who gave up alcohol before pregnancy, gave up in the first

Box 1 Classification of lifestyle and demographic factors

Variable
Smoking behaviour
Non-smoker
Gave up pre-pregnancy
Gave up during first trimester
Continuing smoker

Alcohol use
Non-drinker
Gave-up pre-pregnancy
Gave up during first trimester
Continuing drinker

Recreational drug use
No drug use during pregnancy
Drug use during pregnancy

Low fruit and vegetable intake
Five portions of fruit and/or vegetables a day at least once a
week
Five portions of fruit and/or vegetables a day less than once
a week

Mediterranean diet
One or more of the following: five portions of fruit and
vegetables every day; fish more than twice a week; meat no
more than twice a week; a maximum of two cups of coffee a
day
None of the above characteristics

Education
Degree level and above
University access level
Upper secondary qualification
No formal/lower secondary qualification

Maternal age (years)
<20
20–29
30–39
≥40

Ethnic group
White
Mixed
Asian or Asian British
Black or Black British
Chinese or other ethnic group

Body mass index
<20
20–24.9
25.0–29.9
≥30
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trimester or drank throughout pregnancy (5.6/1000 births, 5.3/
1000 births, 6.0/1000 births, respectively). Women using recre-
ational drugs had a higher rate of LMPT birth (9.6/1000 births)
than those who did not (5.9/1000 births) but numbers were
small (n=31) and not significant (p=0.156). Eighteen per cent
of women ate five portions of fruit and vegetables a day less
than once a week, and this was significantly associated with
higher rates of LMPT birth (8.0/1000 births) compared with
those eating fruit and vegetables more frequently (5.6/1000
births) (p=0.001). Only 2% of women lacked all
Mediterranean diet characteristics, but this was strongly asso-
ciated with LMPT birth (11.5/1000 births vs 5.9/1000 births
for the rest of the population).

An initial multivariable model was developed (table 2) that
solely included the lifestyle factors followed by a further model
adjusting for maternal age, educational level, BMI and ethnicity.
Adjustment showed little change in the RRs apart from alcohol
consumption. Based on the fully adjusted model, women who
smoked during pregnancy were at 38% higher risk of LMPT
birth than those who had never smoked regularly (adjusted RR
(ARR) 1.38 (1.04to 1.84)). There was a non-significant dose–
response relationship for level of smoking during pregnancy
between light smokers (≤10 cigarettes per day) and moderate/
heavy smokers (>10 cigarettes a day) (p=0.707). There was no
evidence of an increased risk of LMPT birth for those women
who gave up smoking before or during early pregnancy (ARR of
0.93 and 1.12, respectively).

Eating five portions of fruit and vegetables a day less than
once a week was associated with an RR of 1.31 for LMPT birth
compared with those women who eat fruit and vegetables more
frequently (ARR 1.31 (1.03 to 1.66)). Few women reported not
having any of the characteristics of a Mediterranean diet at only
2.6%; however, their risk was considerably greater being
almost twice as likely to have a LMPT birth than women with
at least one characteristic of a Mediterranean diet (ARR 1.81
(1.04 to 3.14)).

In the initial multivariable model, women who had never
drunk alcohol were at increased risk of LMPT birth compared
with women who had drunk alcohol before or during preg-
nancy. However, this was reversed after adjustment for ethnicity,
although neither estimate was statistically significant. This
change was due to higher risk of LMPT birth among Asian
women who were more likely to be non-drinkers. Of those
women who had never drunk alcohol, 43% were Asian or Asian
British compared with 6% of women who had drunk alcohol
before or during their pregnancy being Asian or Asian British.
Consequently, ethnicity was a confounder via its relationship
with alcohol consumption.

At particularly high risk of LMPT birth were women who
were both smokers during pregnancy and ate five portions of
fruit and vegetables a day less than once a week (1 in 17),
whose additive risk of LMPT birth was greatly increased at 81%
higher than women who were not regular smokers and who
also ate five a day more regularly (ARR 1.81 (1.29 to 2.55)). As
highlighted previously, there was no multiplicative interaction
effect between these factors. Interactions between each of the
lifestyle effects were explored but none were statistically signifi-
cant (p>0.1).

Sensitivity analyses showed little difference in the effect of
lifestyle factors on those LMPT births where the onset of labour
was spontaneous compared with other LMPT births, suggesting
that the impact of lifestyle factors was qualitatively similar for
both groups. Further analyses to assess whether folic acid sup-
plementation in the first trimester explained the effect of fruit
and vegetable consumption showed negligible effect on the RR
estimate for fruit and vegetable consumption (ARR 1.30 (1.02
to 1.65)), and a negative effect of folic acid intake (ARR 1.26
(0.98 to 1.61)), that is, women who used folic acid supplemen-
tation had a higher risk of LMPT birth than those who reported
no supplementation although this was not significant
(p=0.071). A sensitivity analysis to assess whether the relation-
ship between lack of a Mediterranean diet and LMPT birth was

Table 1 Numbers of late and moderately preterm (LMPT) and term births and rates and univariable relative risk of LMPT birth by maternal
lifestyle characteristics

Indicator LMPT births Term-born births
Rate of LMPT births/
100 births weighted*

Relative risk
of LMPT birth 95% CI P value

Use of recreational drugs during pregnancy
No 903 956 5.9 1 – 0.156
Yes 19 12 9.6 1.61 0.83 to 3.13

Smoking status
Non-smoker 524 572 5.8 1 – 0.001
Gave-up before pregnancy 145 196 4.7 0.82 0.65 to 1.03
Gave-up in 1st trimester 57 57 6.3 1.09 0.76 to 1.56
Smoker during pregnancy 196 143 8.4 1.46 1.16 to 1.83

Alcohol use
Non-drinker 289 255 7.0 1 – 0.087
Gave up before pregnancy 267 298 5.6 0.80 0.64 to 1.00
Gave up in first trimester 201 241 5.3 0.75 0.59 to 0.95
Drank during pregnancy 165 174 6.0 0.85 0.66 to 1.09

Daily consumption of five fruit and vegetables
At least once a week 728 819 5.6 1 – 0.001
Never 194 149 8.0 1.43 1.15 to 1.78

Mediterranean diet factors
≥1 889 951 5.9 1 – 0.013
None 33 17 11.5 1.96 1.15 to 3.32

*Rate of LMPT birth calculated using weight of 15 for term births.
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predominantly an effect of fruit and vegetable intake, leaving
the indicator for fruit and vegetable intake out of the
Mediterranean diet classification, reduced the RR slightly to
1.57 (0.97 to 2.55) but showed no change in the RR for low
fruit and vegetable intake. This suggested that it was a combin-
ation of a lack of all of the factors in the Mediterranean diet
that was related to higher rates of LMPT birth.

DISCUSSION
Our analysis showed that women who smoked during preg-
nancy, who ate five portions of fruit and vegetables a day less

than once a week or who did not follow any aspects of a
Mediterranean diet had the highest rates of LMPT birth. This
suggests that these risk factors for very preterm birth persist at
later gestations.

A major strength of the LAMBS study was the detailed
individual-level data on lifestyle and socio-demographic factors
within a large cohort allowing exploration of the relative impact
of a range of health behaviours on LMPT birth. Region-wide
data on gestational age at birth was available to calculate rates of
LMPT birth, and the reliability of gestational age was maximised
through use of ultrasound examination data rather than last

Table 2 Relative risks of late and moderately preterm (LMPT) birth for lifestyle factors from multivariable model, before and after including
mother’s age, ethnicity, body mass index (BMI) and educational level

Indicator

Risk of late and moderate preterm birth

Model including lifestyle factors
Model including lifestyle factors adjusted for
socio-demographic factors

Relative risk 95% CI p Value Relative risk 95% CI p Value

Lifestyle factors
Use of recreational drugs during pregnancy
No 1 – 0.486 1 – 0.495
Yes 1.27 0.65 to 2.51 1.27 0.64 to 2.50

Smoking status
Non-smoker 1 – 0.027 1 – 0.082
Gave up before pregnancy 0.86 0.67 to 1.09 0.93 0.72 to 1.20
Gave up in first trimester 1.07 0.73 to 1.56 1.12 0.76 to 1.66
Smoker during pregnancy 1.35 1.05 to 1.72 1.38 1.04 to 1.84

Alcohol use
Non-drinker 1 – 0.205 1 – 0.918
Gave up before pregnancy 0.83 0.66 to 1.04 1.02 0.78 to 1.34
Gave up in first trimester 0.78 0.61 to 0.99 0.98 0.73 to 1.31
Drank during pregnancy 0.86 0.66 to 1.13 1.08 0.79 to 1.48

Daily consumption of five fruit and vegetables
At least once a week 1 – 0.022 1 – 0.027
Never 1.31 1.04 to 1.64 1.31 1.03 to 1.66

Mediterranean diet factors
≥1 1 – 0.052 1 – 0.036
None 1.71 1.00 to 2.92 1.81 1.04 to 3.14

Socio-demographic factors
Mother’s age (years)
<20 1 – 0.585
20–29 1.31 0.86 to 1.99
30–39 1.37 0.88 to 2.13
40+ 1.32 0.71 to 2.45

Mother’s educational level
Degree level and above 1 – 0.052
University-access level 1.29 1.00 to 1.66
Upper secondary qualification 1.36 1.06 to 1.76
No formal/lower secondary qualification 1.42 1.06 to 1.89

Mother’s ethnicity
White 1 – 0.025
Mixed 1.70 0.97 to 2.99
Asian or Asian British 1.54 1.13 to 2.11
Black or Black British 1.36 0.89 to 2.08
Chinese or other ethnic group 1.99 0.87 to 4.55

Mother’s BMI
20.0–24.9 1 – 0.001
<20 1.12 0.75 to 1.67
25.0–29.9 0.80 0.64 to 1.00
≥30 0.58 0.45 to 0.76
No pre-pregnancy weight recorded 1.07 0.57 to 2.02
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menstrual period that can result in overestimation of preterm
birth rates.

Information was available only for women who consented to
take part. Kramer et al16 suggested that low levels of socio-
economic disparities in preterm birth in their work were related
to selection bias, with recruits being more likely to be ’psycho-
logically invested in their pregnancies’. While the percentage of
women who consented in LAMBS was high (79%), response
was poorer in the more deprived areas (75%) compared with
the least deprived areas (85%), leading to underestimation of
lifestyle effects. Lifestyle factors were collected after birth, so
women who delivered early may reflect more on whether their
behaviours may have led to early onset of labour. We relied on
self-reported general measures of dietary intake and cigarette
smoking rather than detailed food diaries or biochemical mea-
sures, so they are, as such, imperfect measures and bias in these
methods may have affected the observed associations between
lifestyle and LMPT birth.

We included all LMPT births irrespective of whether it fol-
lowed spontaneous preterm labour or a planned early interven-
tion because of some ongoing health problem. However,
analysing only those births following spontaneous preterm labour
showed an extremely similar pattern of lifestyles that appeared to
predispose to LMPT birth. We chose not to include previous
obstetric and medical history in the analyses as we felt that these
factors were on the underlying causal pathway between smoking
diet and alcohol and preterm birth, hence accounting for them in
the model would obscure exploration of behavioural factors.

INTERPRETATION
The similarity in rates of LMPT birth between non-smokers and
women who gave up smoking before pregnancy or in the first
trimester suggests two possible explanations. First, women who
gave up early in pregnancy may have differed from women who
continued to smoke, being more ‘psychologically invested’ in
their pregnancies16 and their willingness to quit smoking may
be associated with other health-related behaviours during preg-
nancy associated with improved perinatal outcomes. Women
with lower exposure to tobacco and higher education levels
have been shown to be more likely to give up smoking during
pregnancy.17 Alternatively, the risk of smoking may be predom-
inantly during late pregnancy, which would indicate that early
smoking cessation reduces their risk of LMPT birth. This con-
clusion is supported by findings from studies such as the
Generation R study,5 for all preterm births <37 weeks, and sug-
gests that public health strategies should aim for complete
smoking cessation rather than reducing the number of cigarettes
to improve pregnancy outcomes.

Evidence on the protective effect of a Mediterranean style
diet on preterm birth has been inconclusive. We have shown
that women who had no characteristics of a Mediterranean diet
had nearly double the risk of LMPT birth. However, <2% of
women were in this group, and consequently, interventions to
improve dietary patterns may have a relatively small impact on
LMPTrates. In contrast, 16% of women had low fruit and vege-
table intake, and these women had rates of LMPT birth that
were nearly one-third higher. Our findings support recent evi-
dence that increasing regular consumption of healthy food is
more important than focusing on reducing consumption of
unhealthy food.12 A dramatic reduction in risk of preterm birth
with folate supplementation has been shown by Bukowski
et al,18 but others have failed to replicate this.19 20 Although
fruit and vegetable intake is often regarded as a marker of
dietary folate intake, the inclusion of information on

supplemental intake of folic acid in the multivariable model
resulted in negligible change in the RR for fruit and vegetable
consumption. This suggests that this effect may not reflect folate
intake specifically but may be indicative of a generally poor diet.
Alternatively, it may suggest that dietary folate has a greater pro-
tective effect than supplementation.

Our adjusted model confirmed previous studies of no signifi-
cant relationship between alcohol consumption during preg-
nancy and LMPT birth21 22 but is in contrast to a recent
systematic review23 and two large European studies.24 This latter
finding may be due to the confounding effect of ethnicity identi-
fied here with Asian women, who have a higher rate of LMPT
birth, also being less likely to drink alcohol for cultural reasons.

Adjusting our findings for maternal age, ethnicity, BMI and
educational level did not lead to any change in the interpret-
ation of the model. This suggests that these effects do not
appear to be confounded by these socio-demographic factors
suggesting a clear public health message.

CONCLUSIONS
LMPT births represent the majority of births at preterm gesta-
tions. Interventions to reduce LMPT delivery could have a large
impact in reducing these 40 000 births annually in the UK.
Chang et al’s1 recent review of potential reductions in prematur-
ity highlights smoking cessation as the main lifestyle-related
intervention to reduce preterm birth, predicting a reduction of
approximately 0.01%. Based on our research, smoking cessation
early in pregnancy could have an additional impact on reducing
LMPT births. Similarly, an emphasis on increasing regular con-
sumption of healthy food, such as following a Mediterranean
diet and higher intake of fruit and vegetables, needs to remain
as a key strategy in early pregnancy. However, our findings high-
light the urgent need for research into underlying mechanisms
of LMPT births in order that cost-effective interventions that
reduce these births can be better planned and targeted.
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