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Abstract 

 
Objective: To examine the association between maternal underweight and preterm 

delivery. 

Method: Using the MEDITECH database from Liverpool Womens Hospital we were 

able to look at women booking on for ante natal care between January  2005 and 

December 2007. This gave access to 23651 subjects. These subjects were grouped 

according to pre pregnancy BMI into five groups; severe-moderately underweight 

(BMI <18.5), moderate-mild underweight (BMI 18.6-19.9), acceptable weight (BMI 

20-24.9), overweight (BMI 25-29.9) and obese (BMI >30). The gestation time of the 

pregnancy was classified into four groups with standard term delivery being >37 

weeks gestation. The three classifications of premature delivery are; preterm delivery 

(32-36 weeks & 6 days), very preterm delivery (28-31 weeks and 6 days) and 

extremely premature delivery (<27 weeks and 6 days). Birth outcome was also 

investigated as associated with preterm delivery. Association between pre pregnancy 

maternal BMI and both gestation time and birth outcome were examined, with 

reference to maternal age, smoking behaviour and parity. 

Results: Women with pre pregnancy underweight were at increased risk of premature 

delivery. The risk of still birth was also slightly increased with severe-moderate 

underweight. There were also interesting findings on smoking and pre pregnancy 

underweight.  

Conclusions: Severe-moderate underweight (BMI <18.5) shows increased risk of  

both premature delivery and stillbirth. The more underweight BMI groups have a 

higher percentage of preterm deliveries. This is more pronounced in the severe-

moderately underweight group with a total of 11.8% of infants born prematurely.  
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Pregnancy and Birth Outcome in underweight mothers. 

Tabitha Cohen 

 

 

Increasing levels of obesity in both adults and children is a growing concern. In the 

UK in 2004 just over a third of women compared to over two fifths of men were 

overweight. Looking at underweight has been of less concern, although recently the 

media has focused on the impact of the ‘size zero’ celebrity images such as Victoria 

Beckham on dieting behaviour and eating disorders. In the general population in 2004 

the proportions of men and women who were underweight were 5 per cent and 6 per 

cent respectively. Young people (16 to 24 years) were more likely than any other age 

group to be underweight, at around a fifth of men and a sixth of women (National 

Statistics Office, 2004). 

 

 There is an increasing interest in the effect of maternal weight on pregnancy and birth 

outcome (Burcett & Seeley, 2003; Doherty, Magann, Francis, Morrison & Newnham, 

2006; Ehrenberg, Dieker, Milluzzi & Merser, 2003;  Galtier-Dereure, Boegner & 

Bringer, 2000; Helgstrand & Anderson, 2005; Hollander, 2001; Ronnenberg, Wang et 

al. 2003; Sebire, Jolly, Harris, Regan & Robinson, 2001; Siega-Riz, Adair & Hobel, 

1996). Research has looked at issues ranging from the importance of prenatal 

nutrition on birth outcome (American Dietetic Association, 2002; Fowles, 2004) to 

maternal weight gain during the pregnancy (Ehrenberg et al. 2003; Johnson & Yancy, 

1996; Siega-Riz, et al. 1996). Several studies have reported an increase in pregnancy 

and birth complications with maternal overweight and obesity (Cnattingius, 
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Bergstrom, Lipworth & Kramer, 1998; Sebire et al. 2001). However research and 

media interest has been more limited regarding the effect of low maternal weight on 

pregnancy and birth outcome. During pregnancy the foetus is reliant solely on the 

maternal nutritional intake and stores. Understanding the effect of maternal adiposity 

is important in both maternal and infant health, both short and long term.  

 

Recently maternal BMI has been a topic of discussion in the media. This revolved 

around guidance issued by the British Fertility Society (2006), although this tended to 

have bias toward discussing recommendations that obese women be ‘denied’ fertility 

treatment. The guidance actually stated that women at both extremes of weight (BMI 

<19 or >29) should be warned of potential risks to their pregnancy, referred for 

dietetic advice and provided with any appropriate further interventions. Research in 

both the UK and Australia (Murphy & Morgan, 2006) has highlighted a lack of 

reference to body weight records during prenatal visits. Less than 50% of 

obstetricians in Sydney asked about body weight control and/or disordered eating. 

There were also deficits highlighted in knowledge about eating disorders’ 

reproductive pathology (Murphy & Morgan, 2006). It is hoped that increased research 

into both extremes of pre pregnancy BMI and adverse pregnancy and birth outcome 

may encourage increased support, both for and from, professionals working within 

this area.  

 

 In the Northwest of England there is a high prevalence of underweight, overweight 

and obese pregnant women presenting at the Liverpool Women’s Hospital (LWH) 

(Abayomi et al. 2007). This indicates a need for additional research into the provision 

of specialist services to meet the particular needs of these vulnerable groups. 
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Guidance from the British Fertility Society (2006) states that these women require 

referring for dietetic advice and/or other appropriate interventions as well as guidance 

as to the potential risk of pre pregnancy weight outside of BMI 20-25. Abayomi et al 

(2007) looked at the prevalence of pregnant women presenting at LWH outside of 

these boundaries; the prevalence of obesity and underweight in pregnant women, and 

investigated the need for dietetic resources in the North west area. Of nearly 8000 

women booking in, there was a high prevalence of overweight and obesity, 26.7% and 

17.2% respectively and 267 women (3.8%) were underweight. However this may 

have underestimated the number of underweight women booking into LWH when 

compared to other studies which classify underweight as BMI < 20 (Sebire et al. 

2001). Abayomi et al (2007) classified underweight as BMI < 18.5 and normal weight 

BMI 18.5–24.9. This is a lower classification for underweight than some other 

studies. The difference in classification of underweight in research reduces the ease of 

comparison between studies.  

 

Young women (16-24 years old) are the group most likely to be classified as 

underweight (National Statistics Office). This is supported in Liverpool where the 

incidence of maternal underweight is highest in the group of women under 30 years of 

age (Abayomi et al. 2007). Taking into consideration the link between both 

overweight and underweight to lower fertility and infertility (Hartz et al. 1979) and 

noting that these figures were obtained from pregnant (and thus fertile) women. It 

could be suggested that these figures underestimate the proportion of underweight in 

Liverpool. Abayomi et al.(2007) found that 10.7% of the population being studied to 

have a BMI less than 20. Also that 3.8% of the population had a BMI less than 18.5, 

at which point they could be classified as probably malnourished (Todorovic, Russell, 
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Stratton, Ward & Elia, 2003) and at risk of poor protein- energy status. Adverse 

maternal pregnancy outcomes linked to maternal underweight include preterm 

delivery, low birth weight, delivery complications and anaemia (Ehrenberg et al. 

2003; Hollander et al. 2001; Sebire et al. 2001).  

 

Maternal underweight has been linked to health risks for both the mother and the 

foetus (see Table 1) (Abayomi et al. 2007). Underweight mothers may experience an 

increased incidence of preterm birth, spontaneous abortion, delivery complications, 

and macro- and micro-nutrient depletion, such as anaemia, which may compromise 

longer-term health. Although the majority of infants are born without complications, 

for those that are born prematurely there are both immediate and long term costs to be 

considered. These costs include those to the immediate family as well as society as a 

whole, and can be health related, financial or related to the use of facilities such as 

neonatal intensive care. 

Table 1: Summary of health risks for mother and foetus due to underweight in 

pregnancy (adapted from Abayomi et al. 2007). 

Risk to mother Risk to foetus 
Anaemia, 
 Premature delivery, 
 Delivery complications 
 (Ehrenberg et al. 2003; Hollander et al. 
2001;Sebire et al. 2001) 

Low birth weight,  
Small for gestational age (Johnson & 
Yancey 1996). 
Admission to the special care baby unit 
(Sebire et al. 2001) 

Macro- and micro-nutrient depletion, 
such as anaemia 
Increased likelihood of later osteoporosis 
(Burchett & Seeley, 2003, Weaver, 
2000).   
 

Intrauterine infection and placental 
failure (Thorsdottir & Birgisdottir, 1998).  
 

Premature rupture of the membranes 
(Moutquin 1997). 

Interuterine growth retardation (ADA 
2002; Ehrenberg et al. 2003)) 
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When looking at adverse pregnancy and birth outcome it is obviously important to 

investigate possible causes of infant mortality. It is estimated that over 2 million 

babies die worldwide in their first 24 hours. Infant mortality within the developing 

world has different causes to the more developed, industrialised nations. In the 

developing world over half newborn death is caused by infection, tetanus and 

diarrhoea, whereas industrialised nations have most problems with infants born either 

too small or too early. This has led to a response; researching into possible links to 

premature labour and low birth weight. Much research has been done in recent years 

on maternal health and weight, although predominantly on the high end of maternal 

BMI, which has highlighted a need for investigation into the lower end of maternal 

BMI and the link to adverse pregnancy and birth outcome. 

 

Premature delivery  

In the USA in 2005 12.7% of live births were premature, which equates to 1 in 8 

babies being born prematurely (National Center for Health Statistics, 2008). Of these 

10.7 % were preterm deliveries between 32 and under 37 weeks and 2% were at less 

than 32 weeks and thus classified as very preterm (VPT) or extremely preterm (XPT) 

(National Center for Health Statistics, 2008).  

 

• Term     >37 weeks gestation 

• Preterm (PT)   32-37 weeks gestation 

• Very Preterm (VPT)   28-31 wks 6 days gestation 

• Extremely Preterm (XPT)  <28 weeks gestation 
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Fig 1; Percent of live births in USA in 2005 (March of Dimes Foundation, 2008) 

 

The Healthy People Initiative 2010 aims to reduce these figures to no more than 7.6% 

of live births being delivered prematurely of which less than 1.1% will be prior to 32 

weeks (XPT or VPT) (National Center for Health Statistics, 2008). Significant 

advances in medicine; in both perinatology and neonatology, have improved survival 

rates for premature infants at lower gestational ages. Although the majority of 

surviving premature infants are free of major disability (Moster, Lie & Markestad, 

2008), there is less study into the longer term medical and social consequences of 

preterm birth. There have been concerns that some children born prematurely may not 

survive to adulthood or be able to cope with the demands of independent adult living 

in society. Chances of survival to adulthood decreased with decreasing gestational 

ages. Only 17.8% of infants born between 1967 and 1983 in Norway with a 

gestational age of 23-27 weeks (extremely preterm) survived to adulthood (Moster, 

Lie & Markestad, 2008). Survival rates increased to over 57% in very preterm 

deliveries and increased to 96.5% for births at term. In recent years medical advances 
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have improved but these are still figures to be considered when considering longer 

term effects of preterm labour.  

 

Santos, Matijasevich, Silveira, Sclowitz, Barros, Victora, Baros (2004) investigated 

associated factors and consequences of late preterm births and found that they were 

increasing since the early 1980s in industrialized countries. Rates vary between 

countries between 5 and 11%, with preterm births accounting for 70 % of neonatal 

deaths and up to 75% of neonatal mobidity.  Other considerations of decreasing 

gestational age are risk of medical and social disabililties , association with lower 

education and income levels and future establishment of families. There is not much 

evidence to support this improves at a rate comparible with survival rates, in the last 

30 years (Moster, Lie & Markestad, 2008).  

 

Santos et al (2004) also highlighted that whereas major progress was being made in 

improving survival of extremely premature infants, less was being done to prevent 

preterm births. Thus research and investment should not only be in technological 

advances in survival rates of premature infants, but also in ways to reduce the long 

term health and developmental handicaps among preterm infants. The mechanisms 

and aetiology of preterm births, improving the health of surviving premature infants 

and the reduction of preterm delivery should be prioritised in future research. Looking 

at the costs associated with preterm birth is important when looking at the cost 

effectiveness of interventions to reduce preterm delivery and the impact of increasing 

prematurity rates. These costs should include the long-term costs of health problems 

and disability as well as early intervention costs. Compared with term births, preterm 

infants incurred higher early intervention costs (Clements, Barfield, Avadi & Wilber, 
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2007). Clements et al (2007) also highlighted the importance of investigating the cost 

of early childhood developmental services when looking at the costs of prematurity.   

  

There is still no way to identify potential preterm labour as more than a ‘syndrome of 

multiple aetiologies influenced by a wide number of genetic, biological/biophysical, 

psychosocial and environmental factors’ (Tribe, 2007) which require a 

multidisciplinary research approach. Premature labour affects both the developed and 

developing nations and research into preterm labour will improve chances for 

successful pregnancies resulting in healthy children. Many studies have attempted to 

reduce high-risk behaviours and improve lifestyle and dietary choices. Identification 

of high-risk groups would enable more targeted treatment and support. Important 

known factors that contribute to spontaneous preterm delivery are a history of preterm 

birth, poor socio economic maternal background and ethnic group. The link with 

socio-economic status is complex although possibly linked to maternal age, smoking 

behaviour and malnutrition. 

 

 Low BMI and smoking during pregnancy have been highlighted as behaviours 

associated with adverse pregnancy outcome such as LBW and premature delivery. In 

multipararous women the birth weight and gestational age, especially previous 

premature labour, are indicative of future risk of preterm birth (Steer, 1991; Tribe, 

2007). Multiple births are associated with 6 times more risk of prematurity than 

singleton births (National Center for Health Statistics, 2008) in 2005. Of all live births 

96.6% were singleton deliveries and 3.4% were multiple births and 12.7 % of births 

were delivered prematurely (National Center for Health Statistics, 2008). 
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Figure 2. Preterm by plurality in USA in 2005 (Adapted from March of Dimes 

Foundation, 2008) 

Maternal conditions such as cervical incompetence, uterine malformation and 

maternal disease, especially STDs, are linked to preterm birth. Also contributing to 

the rise in the incidence of preterm delivery are factors such as more obstetric 

intervention, improved special care and increasing use of assisted reproduction 

techniques and multiple births.  

 

 

 

 

 

 

 

Figure 3: Causes of preterm birth (Tucker & McGuire, 2005). 
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Preterm delivery is a major risk factor for neonatal (in the first month) and infant (in 

the first year) mortality as well as neurological impairment, including cerebral palsy. 

It is also linked with chronic lung disease, gastrointestinal problems, visual and 

hearing problems and mental retardation and depressive disorders. Preterm birth not 

only effects infants and their families, but also increases both immediate and long-

term costs to health services. Preterm birth is defined as delivery before 37 weeks 

gestation, and very preterm delivery as that before 32 weeks. With recent advances in 

health care improving survival of very young infants there has also been an increase 

in extremely preterm babies born before 28 weeks gestation. The boundary for 

preterm delivery is now 24, not 28 weeks as it was prior to 1992 (Tucker & McGuire, 

2005). This boundary is set at the earliest gestational age at which the infant has at 

least a 50% chance of survival- the limit of viability. However developmental delay 

and brain damage are a significant risk at lower gestational age. 

 

 
 
 

Figure 4; Definition of preterm live births  (Tucker & McGuire, 2005). 
 
 
 

Investigation in the State of the World Mothers Report, by Save the Children 

‘illustrates the direct line between the status of mothers and the status of their 

children’ MacCormack (2007). Although progress is being made in reducing 
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childhood deaths, ‘we have made little progress in reducing the mortality rate for 

babies in the first month of life’ MacCormack (2007). The report highlights the need 

for female education, family planning services and trained attendance present at the 

birth to influence child well being. This report is aimed primarily at circumstances in 

the developing world and also highlights the needs of pregnant women everywhere. 

Although neonatal mortality ( infant death in the first four weeks after birth) is 

decreasing slightly in recent years- figures in 2006 reported 3.4 per 1000 total births 

(Mayor, 2008), down from 3.9per 1000 live births in 2000. The commonest cause of 

neonatal death was immaturity, at 47%, followed by severe congenital anomalies 

(23%) and infection (10%) (Major, 2008). This has been supported by recent studies 

in the USA proposing that a ‘conservative estimate’ of infant death as attributable to 

preterm birth would be 34.3% (Callagen, Macdorman, Mathews, Hoyert & Kochanek, 

2006). Of those deaths, 95% occurred in infants born at less than 32 weeks gestation.  

 

Research investigating the impact of pre pregnancy maternal BMI on very preterm 

birth (22-32 weeks gestation) found leanness (<18.5kg/m2) to be a risk factor for 

spontaneous preterm live birth (Hacini et al. 2008). This again highlights the need for 

further research into possible associations with maternal health and premature labour. 

Previous studies have proposed maternal age, smoking behaviour and low pre 

pregnancy BMI as associated with preterm birth and this would appear to be an 

important area of research. Research and information would encourage targeted health 

promotion and support to high-risk groups. It is hard to make comparisons between 

many existing studies as they utilise different BMI and age groupings. Thus although 

similar risk factors may be investigated it will be hard to directly compare studies 

without further differentiating BMI and age groupings in future research. 
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Medical advances and the development of neonatal intensive care have improved the 

survival of preterm infants in recent years. However this does not reduce the need for 

research into possible association with maternal health. During pregnancy the foetus 

is solely reliant on maternal nutrition and fat stores. Preterm deliveries are said to 

have increased by 30% in the USA in the last twenty years- from 9.4% to 12.5% 

(Tribe, 2007), with the highest rates amongst women with low socio economic status 

and ethnic and racial minorities. Also contributing to the rise in the incidence of 

preterm delivery are factors including increased obstetric intervention, improved 

special care and increasing use of assisted reproduction techniques and multiple 

births. This is despite increasing research into methods of prevention of premature 

labour and identifying treatments. This may be for a combination of reasons, 

including medical advances reducing miscarriage rates and allowing infants of a 

lower gestational age a greater chance of survival.  

 

Medical advances could enable a successful pregnancy lasting only 24 weeks and the 

resulting birth, which may previously have been resulted in foetal death, now able to 

be the preterm delivery of a live infant. Preterm delivery is still a major contributor to 

neonatal and infant mortality- although spontaneous preterm deliveries account for 

just over 10% of births they account for over 75% of neonatal deaths (Bernal, 2007). 

The third trimester of pregnancy is necessary for maturation of organs such as the 

respiratory system and lungs, and interruption of this will decrease survival chances. 

The earlier the infant is born the less chance the foetus has had to fully develop and 

mature in preparation for life outside of the uterus. This is demonstrated by increasing 

mortality rates at lower gestational ages. Despite improved special care baby units and 
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medical advances, there is a wide range of both short and long term morbidity and 

handicap resulting from extreme prematurity.  

 

 

Figure 5: infant mortality in USA (2004) (March of Dimes Foundation, 2008) 

 

Other leading causes of infant death have been proposed as sudden infant death 

syndrome (SIDS), respiratory distress syndrome (RDS) and maternal complications. 

However these may also be linked to immaturity and lack of development of 

respiratory organs and hence also to preterm delivery. 

 

The defining age for terming a stillbirth as neonatal mortality or fetal loss, however 

this classification can vary from 22-28 weeks. This is a consideration when looking at 

studies into infant mortality and preterm delivery. In 2004 in the USA the infant 

mortality rate due to either prematurity or low birth weight was 112.1 per 100,000 live 

births, accounting for 16.5 % of all infant deaths. Increasing slightly as rates of 

premature delivery have increased. Preterm delivery has been identified as one of the 

main causes of neonatal deaths in developing countries (Davis, 2006; WHO, 2005) 

and has been linked to maternal underweight (Ehrenberg et al. 2003; Hollander et al. 
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2001;Sebire et al. 2001). Preterm births are cited as responsible for the majority of 

infant mortality cases in the USA (Davis, 2006; Major, 2008; Callagen et al. 2006), 

which in 2002 saw the first increase in cases since 1958. 

 

 Good nutrition and poor maternity and neonatal care is not available to all pregnant 

women and this has been linked to higher mortality (WHO, 2005).  The World Health 

Report (2005) estimated maternal mortality to vary from 5 to 210 deaths per 100 000 

live births, throughout Europe, which represents a forty two fold difference 

throughout the European region. Maternal and neonatal mortality and morbidity also 

vary within each country and neonatal mortality rates are utilised as indication of a 

regions’ health (WHO, 2005). This has implications for both developing and 

developed countries looking at malnutrition and food restriction in women of 

reproductive age (Thorsdottir et al. 1999; Yasmin & Goldenberg 2003). WHO (2005) 

has highlighted the importance of reducing both maternal and infant mortality rates, 

many of which are associated with malnutrition in developing countries such as in the 

South Pacific. Therefore this can be argued to be a topic as important in the developed 

as in the developing world today.  

Figure 7; Terminology and time frame of pregnancy outcomes (Wikipeda, 2008) 
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Another consideration in research is the method of determining gestational age-

increasingly in developed countries this is ultrasonography and therefore more 

accurate. However the last menstrual period (LMP) date used to be used as a dating 

tool, and still is in less developed areas. The standard length of human gestation is 38 

weeks (266days). When dating from the LMP, conception is judged to have occurred 

14 days after LMP and the standard term pregnancy is defined as 40 weeks (280 

days). With preterm delivery or premature labour being defined as less than 37 weeks 

gestation, LMP dates need to be accurate in order to produce accurate data. In fact 

limited prenatal and antenatal care in remote and less developed countries may also 

contribute to incomplete data; often lacking in gestational age. Although outcomes for 

preterm delivery have improved in more developed countries in recent decades, 

research identifying interventions which may help to reduce its incidence would be 

useful.  

 
Environmental factors 
 
Preterm delivery has been associated with both genetic and environmental factors. 

Maternal behaviour such as smoking, diet, age at conception and socio economic 

factors are all considerations when examining adverse pregnancy outcome. These 

behaviours also interlink, such as smoking to reduce or maintain weight and teenage 

mothers being associated with making less nutritional food choices. Many factors may 

influence maternal weight, including age, ethnicity, parity and maternal smoking 

exposure. Maternal nutritional status is important to the well being of both mother and 

developing infant. The developing foetus is totally dependent upon the maternal 

nutrition and available stores.  
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BMI may serve as a measure of maternal adiposity and energy balance. BMI is used 

as an acceptable indication of body fat and disease outcome (Lu et al, 2006) by the 

health services. However it does have limitations and it should also be noted that it is 

influenced by genetics and ethnicity. It is also dependant upon accurate measurement 

of height and weight and requires the medical professionals focusing their time upon 

collecting measurements. Certain inaccuracies, such as in height measurement will 

produce even greater inaccuracy in BMI. This is because the BMI calculation 

involves squaring the height, and therefore also squaring any inaccuracy! Other areas 

to be aware of when using BMI as measurement are that BMI is not able to take 

muscle mass into consideration, or differences in maternal build such as leg length. 

Visual analysis may be a useful method to combine with more official measurement.  

 

The Malnutrition Universal Screening Tool (MUST) is used to identify adults at risk 

of underweight and/ or malnutrition. It does not however detect vitamin or mineral 

deficiencies or excess, which may have associations with adverse pregnancy 

outcomes (Food Standards Agency, 2000, Schneck, Sideras, Fox & Dupuis, 1990). 

Those with low incomes/ socio economic status and teenage mothers (Edington, Kon 

& Martyn, 1996; Schneck, Sideras, Fox & Dupuis, 1990) are at higher risk of preterm 

and low birth weight babies. They have increased risk of infant mortality and some 

congenital abnormalities. This may be due to eating insufficient food or poor dietary 

choices, which are not able to meet energy or nutritional needs (Food Standards 

Agency, 2000). Areas of low income and low social status have been linked to 

problems with both obesity and underweight (Ehrenberg et al. 2003). This can result 

in malnutrition as even when adequate calories are being consumed these may be 

from poor quality foodstuffs, such as high fat, high sugar low cost foods and not 
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enough fruit and vegetables. Nutritional screening may provide a way of identifying 

potential or existing risk in pregnant women and enable help/ advice or referral to be 

targeted appropriately. Even without available BMI, risk of underweight in pregnancy 

may be identifiable from visual analysis.  

 

Smoking 

Smoking has often been cited as a method of weight control. Although it is known to 

be associated with health risks these are even more important during pregnancy. 

Several studies report that maternal smoking during pregnancy may result in 

significant fetal and infant mortality and morbidity. It is linked with low birth weight 

and impaired fetal growth (Kramer, 1987; Robinson, Moore, McMillen & Owens, 

2000) and premature birth (Delpisheh, Attia, Drammond & Brabin, 2005; Chapman, 

2006). This highlights the importance of smoking cessation before and during 

pregnancy. However over one third of mothers giving birth in the UK around the 

millennium still smoked (Ward, Lewis & Coleman, 2007). With only 27% reporting 

stopping as the pregnancy progressed. The number of mothers continuing to smoke 

whilst pregnant would appear to be inversely related to the age of the mother; with 

younger mothers more likely to smoke. Younger mothers also appear to be less likely 

to either attempt to or succeed in stopping smoking throughout the pregnancy.  

Smoking and teenage motherhood have been highlighted in existing research as 

associated with adverse pregnancy and birth outcomes ((Burchett & Seeley, 2003; 

Cnattingius, Akre, Lambe, Ockene & Granath, 2006; Depisheh, Attia, Drammond 

&Brabin, 2005). It has been suggested that some mothers, especially young women, 

may use smoking to attempt to manage their weight (Carr, 1985; Chapman, 2006) or 

to reduce baby size and hence labour pain (Chapman, 2006). The link between 
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smoking during pregnancy and birth outcome has been researched in Liverpool in 

recent years with focus on pregnant adolescents (Delpisheh, Attia, Drammond and 

Brabin (2005). This study concluded that almost half (47%) of adolescents smoked 

during their pregnancy and that smoking during pregnancy is associated with low 

birth weight (<2500g), infant mortality and preterm birth (< 37 weeks). These are 

similar pregnancy outcomes to those linked to maternal underweight (low birth 

weight, preterm birth and higher levels of infant mortality) and therefore smoking 

could be considered a confounding factor when looking at the effect of maternal 

underweight on pregnancy outcome.  

 

Delpisheh, Attia, Drammond & Brabin (2005) highlighted an association between 

adolescent smoking and pregnancy and birth outcome in Liverpool. Concluding that 

almost half of all adolescents in the study smoked during the pregnancy and that this 

was linked to adverse pregnancy outcome such as maternal anaemia, preterm birth 

and low birth weight.  Finding the prevalence of low birth weight (LBW) infants born 

to smoking adolescent mothers (at 12.1%) was nearly double the level born to non-

smoking adolescent mothers (at 6.8%). LBW has been highlighted as a significant 

cause of infant mortality and morbidity and long-term health problems (Barker, 2003, 

Ralph, 2009). In 2007, Delpisheh, Kelly, Rizwan, Attia, Drammond & Brabin, 

expanded on this study by looking at how population attributable risks (PAR) for 

adverse birth outcomes due smoking differ in adolescent and adult pregnancies. This 

highlights that smoking during pregnancy has both immediate and longer-term effects 

on both maternal and infant health.  
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As young mothers are themselves at high-risk group for complications during the 

pregnancy it would imply that stopping them smoking would be a priority (Delpisheh, 

Attia, Drammond & Brabin, 2005). Not just for the initial pregnancy but for the future 

health of the mother, the infant, and any subsequent pregnancy. Some reports also 

argue that health risks associated with the young age of the mother are in fact more to 

do with lifestyle factors such as smoking and poor diet/nutrition during pregnancy 

(Schneck, Sideras & Fox 1990 & Scholl, Hediger & Belsky, 1994). Young mothers 

are at higher risk than those aged 20-35years of not only adverse health and obstetric 

outcomes but also educational, social and economic outcomes (NHS Centre for 

Reviews and Dissemination, 1997, Wheatley, 2007). When investigating low 

maternal weight and preterm delivery it should be noted that there are many 

confounding factors such as age and smoking behaviour which must be considered 

when interpreting results. 

 

"It is important that we understand what stops young women making healthy choices 

so we can provide the right answers to their concerns," (Flint, in Chapman, 2006). 

This would highlight behaviours such as using smoking as a form of weight 

management or smoking during pregnancy with the idea of reducing the pain of 

labour by having a smaller baby. Children born to smoking mothers are smaller, by an 

average of 7oz, at birth (Chapman, 2006).  However evidence from the Royal College 

of Midwives indicates that there was no evidence that having a smaller baby reduced 

the pain of labour. The risk of a low birth weight (LBW) baby is higher for teenage 

mothers as they are already at risk of delivering a preterm or LBW baby (Chiolero, 

Bovet & Paccaud, 2005; Delpisheh et al. 2005; Gale, Seidman, Dollberg, Armon & 

Stevenson, 1989 & Hruba & Kachlik, 2000). This article also highlights that peer 
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group chats amongst teenage mothers may include discussion of tobacco use rather 

than exercise and healthy eating for weight management (Chapman, 2006). This 

would be supported by data from the United States indicating levels of smoking 

during teenage pregnancies increasing from 59% at conception to 62% at the birth 

(Cornelius, Geva, Day et al. 1994). 

 

Age  

Maternal age is a risk factor for preterm delivery, with higher rates of preterm 

delivery being found in both older and the youngest mothers. In the USA, during the 

period of 2003- 2005, 16.6% of mothers over 40 years old and 14.5% of  mothers 

under age 20 delivered prematurely (National Center for Health Statistics, 2008). 

Although most births, 52.1 %, were to mothers between the ages of 20 and 29 years 

there was still over 10 % of infants born to mothers under the age of 20 years.   

 

 

Figure 8; preterm by maternal age: US 2003-2005 Average (March of Dimes 

Foundation, 2008) 
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 In 2000 more than 23000 conceptions resulted in maternities to mothers less than 18 

years in England and Wales (Summerfield et al. 2003). This is the highest in Western 

Europe. Teenage motherhood has been highlighted as a problem in Liverpool by the 

government, hence it being an area for the Sure Start Plus programmes pilot scheme. 

This pilot scheme is directed at education and support for the problems encountered 

by younger parents. Those on a low income or benefits may not be able to afford a 

good balanced diet. Lower social benefit payments for those under 20 yrs provides 

less money for younger mothers and those same mothers also often have less 

knowledge of food and dietary requirements (Burcett & Seeley, 2003). Poor diet 

could also be due to circumstances, such as living environment or lack of knowledge 

and education as to the nutritional requirements of pregnancy. This could compound 

problems such as lack of availability of fresh food or wide choices, transport and 

financial means (Burcett & Seeley, 2003). The benefit system provides less money for 

younger mothers (Burcett & Seeley, 2003) and this financial disadvantage could 

further add to nutritional deficiencies. Health promotion and education in these areas 

may improve quality of life for young mothers as well as possibly reducing risk 

factors for adverse pregnancy/ birth outcomes. 

 

Ethnicity   

There is a notable difference between different ethnic groups and their risk of preterm 

delivery. During 2003-2005 (average) the preterm rates were highest for black infants 

(18.1%) and also prematurity is the leading cause of infant death for black infants. In 

fact black infants had nearly double the risk of Asian infants (10.5%) of been born 

prematurely (National Center for Health Statistics, 2008).  
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Figure 9: preterm by race/ ethnicity: US 2003-2005 (average) (Adapted from March of 

Dimes Foundation, 2008)  

Simhan & Bodnar (2006) also looked at racial disparity in preterm birth. They found 

that low pre pregnancy BMI increased preterm delivery risk more for black and 

Latina women than white women. They supported the hypothesis that pre pregnancy 

BMI effects birth outcome; finding a low pre pregnancy maternal BMI resulted in 40-

90% more likelihood of preterm delivery than normal BMI (Simhan &Bodnar,2006). 

This was proposed to be linked to the increased risk of vaginal inflammation in black 

women with low BMI. Which highlights the importance of maternal health checks 

and increased research in the area to highlight high risk groups. This will enable 

improved education, support and opportunity for improved and targeted inter natal as 

well as prenatal support. If demonstrated an association between maternal 

underweight and preterm delivery may engender the development of interventions to 

enhance existing prenatal health care.  
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It has been suggested that the high numbers of women underweight and/or smoking 

during pregnancy may result in high costs to health provision services.  For example 

low birth weight, either resulting from premature birth or foetal growth restriction, 

can be linked to infant and childhood mortality, neurodevelopmental delays and 

asthma (Ronnenberg et al. 2003) and problems later in life (Ashdown- Lambert, 2005; 

Barker, 2003; Thorsdottir, Gunnarsdottir & Palsson, 2003)). These potential as well as 

immediate health consequences, such as preterm delivery or spontaneous abortion 

(Yasmin & Goldenberg, 2003; Van der Spuy, Steer, McCusker, Steele & Jacobs, 

1988) highlight the importance of identification of any association between maternal 

underweight and risk of adverse pregnancy or birth outcome. Underweight can be 

identified visually at initial prenatal visits, even prior to accurate BMI measurements. 

This could enable the early identification of at risk mothers and more targeted 

appropriate specialist treatment and management. 

 

Prenatal care  

Prenatal care (PNC) has been a useful area for identification of mothers at risk of 

adverse pregnancy and/or birth outcome such as preterm labour and low birth weight 

(LBW). PNC therefore has the potential to reduce this risk by identifying and 

reducing potential risks, treating medical conditions and addressing high-risk 

behavioural factors. Effectiveness of PNC is increased with early onset and regular 

continuation of care throughout the pregnancy. Several studies have reported an 

association between inadequate PNC and adverse pregnancy outcome such as preterm 

labour and LBW (Hulsey, Patrick, Alexander & Ebeling,1991;Barros, Tavores & 

Rodrigues, 1996; Gomez-Olmedo, Delgado-Rodriguez, Bueno-Cavanilla, Molina-

Font & Galvez-Vargas, 1996). However looking at prenatal care utilisation and 
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linking it to pregnancy outcome needs to take into consideration that shorter periods 

of gestation, such as with preterm labour, mean less time for the mother to utilise the 

PNC (Heaman, Newburn-Cook, Green, Elliot & Helewa, 2008). Research that takes 

this into account still appears to show that young mothers, aged less than 20 years, 

tended to have inadequate PNC. It also highlights preterm birth may possibly be 

linked with inadequate PNC- maybe due to a lack of opportunity during the 

pregnancy to identify and support high risk mothers. 

 

 It is likely that women who do not receive adequate PNC are less likely to receive 

preventative care, treatment and appropriate support. Murphy & Morgan (2006) 

highlighted the lack of reference to body weight during prenatal visits combined with 

the lack of obstetric knowledge of reproductive pathology related to eating disorders.. 

Several risk factors linked to preterm delivery would be identifiable and potentially 

modifiable with quality PNC such as smoking, drug and alcohol use, low pre 

pregnancy BMI and low gestational weight gain (Heaman et al. 2008). An area 

requiring future investigation and research may be the relationship between the 

quality and content, as well as the quantity of PNC, and the link to adverse pregnancy 

outcome. In the developing world prenatal care regimens, which provide social and 

behavioural services along with medical care, could improve both the health of the 

mother and the outcome of her pregnancy. It should be noted that as smoking levels 

increase in the developing world, similar issues may be found as in the developed 

world and smoking cessation advice should therefore be included in prenatal advice 

sessions. Smoking levels are increasing in many developing countries and further add 

to the risks associated with pregnancy. An increased risk of low birth weight and 

preterm delivery is associated with young maternal age in both developed and 
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developing countries. Increasing smoking cessation during pregnancy has 

implications not only in cities such as Liverpool but also for both developing and 

developed countries. In the developing world teenage pregnancy and young mothers 

may be more at risk of adverse pregnancy outcome.  This could be further increased 

by malnutrition and poor diet. 

 

Recognition of the importance of maternal health throughout the lifespan, and not just 

during the pregnancy; on pregnancy and birth outcome, highlights the limitations of 

PNC. Management of factors contributing to maternal and child health prior to 

conception would be preferable and, at times, more effective. This introduces the 

importance of  preconception education, care and support. Many risk behaviours and 

lifestyle choices such as alcohol consumption, smoking and low/ high pre pregnancy 

BMI require support and attention prior to pregnancy as well as during. In fact 

smoking cessation may require more than one attempt to be successful and therefore 

should be instigated prior to pregnancy where possible. Only 20% of pregnant 

smokers successfully stop smoking during the pregnancy and this highlights the 

importance of pre conception advice. Pre pregnancy interventions such as family 

planning advice, HIV testing and genetic counselling may also enable more educated 

decisions on future pregnancy to be taken. However PNC does provide an opportunity 

to identify and begin to establish a relationship with mothers at high risk of adverse 

pregnancy outcome. These include women with chronic health conditions such as 

diabetes, weight problems and hypertension as well as those with modifiable risk 

behaviours such as smoking and mal nutrition. Previous preterm labour has also been 

identified as associated with future risk for premature birth. Recognition of the 
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importance of previous birth history would enable increased care and support in future 

pregnancies (Adams, Elam-Evans, Wilson and Gilberts, 2000).  

 

This would be particularly useful in inter conception care (the time between one 

pregnancy and the conception of the next) and inter-natal care (from the birth of one 

child to the birth of the next). Inter-natal care is often the preferred term as it 

represents an extension of PNC from the first pregnancy. It refers to the package of 

pre conception and prenatal care for the next pregnancy, although specifically 

highlights the inter pregnancy period as an opportunity for care and support. It 

consists of early and continuing risk assessment, support, health promotion and 

psychosocial and clinical interventions (Lu, Kotelchuck, Culhane, Hobel, Klerman & 

Thorp, 2006). For healthy mothers this may provide support and wellness promotion 

and introduction to available resources for the future. However high risk groups such 

as those with chronic disease or prior adverse pregnancy outcome are able to receive 

increased opportunity for support and risk reduction prior to future pregnancy. Some 

adverse pregnancy outcomes carry a high risk of recurrence in future pregnancies, 

such as premature labour and fetal death (Adams et al. 2000).  

 

Inter natal care and support would increase contact and a more trusting, open 

relationship with health professionals. This would also increase awareness of the 

extent of maternal morbidity after childbirth and enable improved support and 

treatment for many of these conditions (Brown, Lumley, McDonald & Krastev, 

2006). It is suggested (Brown et al. 2006) that 94% of women experience at least one 

major health problem (including back pain, relationship and sexual problems, urinary 

incontinence) in the first year after childbirth. In Australia the Maternal Health Study 
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and Brown et al (2006) have studied not only the incidence and history of these 

maternal health problems, but also contribution of obstetric risk factors such has the 

method of birth and early pregnancy health status. Maternal health conditions may not 

be disclosed to health professionals until they have caused much discomfort and/or 

lack of intimacy with either partner or infant. Improved contact between the mother 

and health professionals may encourage a more open and trusting relationship and 

reduce this lack of disclosure of problems.This would encourage the increased use of 

inter natal care and support and awareness of risk factors for adverse pregnancy/ birth 

outcomes which may then contribute to further maternal health problems. 

 

Many bio-behavioural risk factors for adverse pregnancy outcome such as smoking 

and low pre pregnancy BMI and gestational weight gain are modifiable and thus PNC 

and Inter natal care are also an opportunity for risk reduction. Maternal nutrition may, 

for example be overlooked by postpartum care providers. Focus on child health may 

not identify maternal nutritional risk such as anthropometric (low/high BMI), 

biochemical deficiencies, eating disorders or lack of dietary/ nutritional knowledge. 

Screening including visual analysis and information taking should therefore be an 

important part of inter natal care. It is suggested that BMI is an acceptable 

approximation of body fat and disease outcome (Lu et al. 2006).  From this 

information high risk groups such as young mothers and those from low-income areas 

should be highlighted as possibly requiring more support and education to avoid food 

insecurity and inadequacy. The Pregnancy Nutrition Surveillance System (PNSS) 

taken in 2003 suggested that one in eight low income pregnant women were 

underweight before pregnancy and a quarter gained less than the ideal weight gain 

during pregnancy. These may be potential risk factors for preterm delivery and LBW 
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and hence these women should be highlighted as groups requiring increased support 

and education prior to future pregnancy. Inter natal care provides opportunity to look 

at a number of risk factors for adverse pregnancy and/or birth outcome such as 

premature delivery. 

 

Prior preterm birth is a consistent and strong predictor of risk of subsequent preterm 

labour. This may be due to the bio behavioural risk factors not being addressed and 

continuing into the subsequent pregnancy. Three areas of health promotion may be 

important considerations to reduce risk factors for future preterm birth; smoking 

cessation, family planning and healthy nutrition. Low pre pregnancy BMI has been 

associated with adverse pregnancy outcome and hence achievement of healthy weight 

prior to future pregnancy may reduce risk. To investigate the link between low pre 

pregnancy BMI and confounding factors such as age and smoking behaviour may 

result in more information to aid future health promotion and potential inter natal 

care. It is highlighted that increased information as to the risk of low pre pregnancy 

BMI for adverse pregnancy and birth outcome could potentially be utilised by 

mothers and professionals. This increases opportunity for support and potential risk 

reduction in future pregnancies. Preterm delivery is an important factor in both infant 

mortality and childhood disabilities. For this reason alone any method that may 

reduce the potential for preterm delivery and thus potential for infant morbidity and 

mortality should be utilised. 

 

Improved knowledge and education of service providers and professionals regarding 

risk factors, especially the potential influence of underweight on pregnancy and/or 

birth outcome may improve service provision. Information may also contribute to 
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understanding of pregnancy and /or birth outcomes as a wider public health issue 

(Ashdown-Lambert, 2005). This will support service delivery under the Maternity 

Standard, National Service Framework for Children, Young People and Maternity 

Services (DOH, 2004). Monitoring of at risk groups such as smokers, teenage mothers 

and those with previous adverse pregnancy outcomes already occurs at LWH. With 

the identification of maternal underweight this targeting of risk populations could be 

expanded. This could provide information and guidance for possible future health 

promotion and services. Maybe including the provision of both inter natal as well as 

prenatal support may build upon opportunity to reduce risk factors in subsequent 

pregnancies. Prenatal advice to include the importance of smoking cessation, 

nutritional and activity levels as occurs in the countries with a lower neonatal 

mortality rate, such as the Netherlands. Family planning and genetic testing advice 

may also encourage planning of subsequent pregnancies. 

 

The importance of underweight pre pregnancy BMI and the risk of preterm birth 

appear to be a factor often bypassed in both research and prenatal care. The proposed 

study hopes to build upon existing research into pregnancy and birth outcomes (see 

Table 2 for examples). This study will also investigate possible confounding factors 

such as maternal age and smoking in pregnancy as these have been highlighted in 

previous research as risk factors for preterm birth. 
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Table 2 Examples of Existing Research into Adverse Pregnancy/birth outcome 

Risk factor Examples of recent research 

Maternal pre pregnancy weight Abayomi J, Watkinson H, Topping J, Hackett A ,2007; 
Acheron 1998; Bolzan & Guimarey, 2001; Cnattingius 
et al.1998; Davies 2006; Doherty et al. 2006; 
Hollander. 2001; Murakami et al. 2005;Ronneburg et 
al. 2003;  Sebire et al. 2001; Seiga-Riz et al. 1996; 
Szostak-Wegierek et al. 2004; Takimoto & Tamura 
2006; Van der Spuy, 1988 
 

Maternal age Bolzan & Guimarey, 2001; Hay 2003; Heidiger et al 
,1997; Schneck et al.1990; 
 

Smoking behaviour Acheson, 1998; Burnai, 2007; Cnattingius et al. 2006; 
Delpisheh et al. 2005; Groff et al. 1997; Kunz & King, 
2007; Wisborg et al. 1996 
 

Psychological and socio 

economic factors 

Kunz & King, 2007; Jonas et al. 1992; McNeal & 
Hoffman,1995; Moutquin, 1997;  

Weight gain during pregnancy Abrams & Laros, 1986; Abrams et al.2000; Schieve et 
al. 2000; Sebire et al.2001; Siega-Riz et al. 1996 
 

 

The proposed study intends to build upon existing research by looking specifically at 

underweight in pregnancy and the maternal health risks. In investigating any possible 

associations between maternal underweight and adverse pregnancy and birth 

outcomes, few studies have differentiated between differing degrees of underweight.  

Of those that have, the relationship would appear to be stronger for the more 

underweight pregnant woman.  The proposed study, building on the work of Abayomi 

et al (2007), Sebire et al (2001) and Ronnenberg et al (2003) amongst other studies 

would narrow the definition of the BMI groupings so that any possible relationship 

between underweight and pregnancy/birth outcomes could be more accurately 

identified.  
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This proposed study extends the BMI classifications from the WHO classification to 

further distinguish between mild to moderate underweight and moderate to severe 

underweight BMI. Building on research by Ronnenburg et al (2003) who looked at 

defining the pre pregnancy BMI at which the risk of adverse birth outcome increases. 

This will also highlight the group for whom are probably malnourished (Todorovic et 

al. 2003)) and therefore at risk of micronutrient deficiency. This is demonstrated in 

the table below. 

Table 3: Proposed BMI classification  

BMI  Classification 
<18.5 Severe-moderate underweight  
18.6-19.9 Moderate-mild underweight  
20-24.9 Acceptable 
25-29.9 Overweight 
>30 Obese 
(adapted from Todorovic, 2003) 

 

Abayomi (2007) highlighted that the age group 20-30 years, contained a greater 

proportion of women with BMI classified as underweight. The methodology of the 

Abayomi study, as in many studies, uses large age groupings. This means it is not 

possible to highlight specific groups that may have higher risk. This is important 

when considering nutritional demands of mothers whom may themselves still be 

developing, such as the under 20 age group.  Narrowing the classification of age 

groups in the proposed study will increase precision in identification of at risk groups, 

both by BMI and age. This should enable more specific intervention and improved 

service provision. These groups can then be combined into larger groups to allow 

comparison with previous studies. 
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Table 4; Proposed further differentiation in age  

Age (years) at first presentation to LWH 
<17 (looking at issues concerned with the 
age of consent) 
17-19  
20-25 
26-30 
31-36 
>36 
 
This proposed study intends to build on previous research and further differentiate 

BMI grouping and age groups and take smoking into consideration as a possible 

confounding factor. This will enable comparisons between this and other studies and 

more accurate defining of at risk groups. Any association will not be considered as 

causal, due to the quantitative nature of the study the inferences made of an 

association will be unable to look at the reasons for such an association and further 

investigation may be required. There is concurrent research investigating the 

association between maternal underweight and neonatal health being undertaken by 

researcher, Sabra Ralph, utilising the same database at Liverpool Women’s Hospital. 

It is proposed that the two studies will provide useful evidence for further research, 

public health and targeted health promotions and interventions. 

 

Early identification of at risk mothers, increased knowledge amongst service 

providers of underweight as a risk factor for adverse pregnancy outcome and 

improved service provision of dietetic services could all then lower risk. This could 

provide information and guidance for possible future health promotion and services. 

For example offering prenatal advice to include and focus on the importance of 

smoking cessation combined with nutritional and activity levels as occurs in other 

countries such as the Netherlands. Eating disorders and the promotion of the ‘size 

zero’ media image promoted in the USA and UK are also considerations to be linked 
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with this research (Helgstrand & Anderson, 2005). Both clinical and public health 

perspectives can be investigated. Underweight mothers are an easily identifiable 

group, both visually and with measurement, and therefore identification of any 

associated health risks would be useful to identify at risk mothers at an early stage 

(Thorsdottir, Erikson, & Eysteinsdotter, 1999). This will enable targeted inventions 

specifically aimed at underweight as a risk factor. In LWH there is already service 

provision for smoking and teenage motherhood, these having being identified as at 

risk categories. It is suggested that any association between maternal underweight and 

adverse pregnancy outcome, or the identification of a point (BMI) at which risks 

increase, may promote the necessity for intervention. Identification of maternal 

underweight as a risk factor for adverse pregnancy outcome may promote increased 

targeting of this as another at risk category.  

 

This study hopes to provide an estimate of the extent and nature of any association 

between maternal underweight and adverse pregnancy and /or birth outcome taking 

potentially confounding factors such as smoking and age into consideration. Building 

upon previous studies this study plans to apply narrower BMI groupings and age 

groups. This will enable comparisons to be made between this and other studies as 

well as potentially more accurate definition of at risk groups. Due to the quantitative 

nature of this study, any association will not be considered causal, and inferences 

made regarding association can only suggest further investigation. 

 

 

 

 



Tabitha Cohen                                09.09 
MSc Weight Management 
 

35

Method 

 

 The study will consist of a retrospective sample. It has a large, non-ambiguous 

sample size consisting of pregnant women presenting at Liverpool Women’s Hospital 

(LWH) between January 2005 and December 2007. A non-experimental study such as 

this carries a greater degree of ambiguity than its prospective equivalent, but also a 

potentially larger and more representative sample size to be investigated. This can be 

considered representative of the population of pregnant women being investigated. 

Upon receipt of ethical approval the researchers will be using the Liverpool Tertiary 

Referral centre and regional neonatal centre database; MEDITECH. This ethical 

approval is primarily from the CENS department at the University of Chester, then the 

R&D department of LWH prior to submission to the LWH Ethics Committee (via 

COREC- see appendix for forms and approval). With ethical approval (via COREC), 

the study will use the data from the MEDITECH database at LWH.  

 

LWH is a regional neonatal centre (Cheshire & Merseyside Strategic Health 

Authority 2003) and also a tertiary referral centre for women with high-risk 

pregnancies from the North West and North Wales. The data collected will be 

retrospective, anonymous data from the computer database at the LWH, 

'MEDITECH'. Midwifery staff record the data at the pregnant women’s’ initial 

presentation at LWH (usually 10-14 weeks gestation). No equipment, documentation 

or paid assistance is required; the only cost associated with this study is travel that 

will be considered an out of pocket expense for the researchers. 

 



Tabitha Cohen                                09.09 
MSc Weight Management 
 

36

Data extracted will cover women booking in for ante-natal care and delivering at 

LWH during the three years from January 2005 until December 2007, subject to 

meeting the selection criteria outlined in the table below.  Subjects will be identified 

and anonymous data used from the MEDITECH database. Based on the data collected 

from the MEDITECH database (Abayomi, 2007), which involved 8000 women, and 

an expected 8500 singleton live/ till births per annum presented at LWH. It is 

estimated that we will have access to approximately 20-25 thousand feasible subjects 

whom can be included in the analysis.   

 

Subject data is retrospective, anonymous and no contact with subjects or manipulation 

of variables was required. Data was obtained from a pre existing database, 

MEDITECH, and therefore there is no need for recruitment of subjects or a control 

group. Ethical considerations such as regarding vulnerable groups such as pregnant 

women and under age subjects are therefore less problematic. As a retrospective study 

using anonymised data, concepts such as beneficence, non-maleficence and autonomy 

have no relevance. The size of the sample allows it to be considered representative of 

the population. Subjects are not therefore required to give consent or receive payment 

for the data to be used in the study. Ethical approval had to be obtained prior to being 

able to access the MEDITECH database. This was achieved in 2008 and from this the 

type and extent of the data was able to be determined. A copy of this approval can be 

found in the Appendices. This enables any findings with clinical significance to be 

later published or utilised in further research.  
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The data present is for 23651 births in the database which meet the criteria specified 

in Table 4 below. The data includes:  

• BMI       

 Maternal age 

 Parity 

 Maternal smoking 

 Length of gestation 

 Neonatal gender 

 Delivery mode 

 Infant outcome 

 neonatal birth weight.  

 

This would allow many potential statistical analysis to be carried out. The full 

database includes data not fitting the criteria for this research. Hence prior to this 

analysis the data obtained from the MEDITECH database was narrowed to a study 

sample that fitted particular criteria. The subjects utilised in the study sample must fit 

all the inclusion and exclusion criteria outlined below (Table 4). 

Table 4. Subject selection criteria 

Selection Criteria Reason for selection 
Singleton births Discounting confounding factors of birth 

complications associated with multiple 
births 

BMI  To allow classification into appropriate 
BMI group  

Booking before 20 weeks of pregnancy To enable collection of above data (BMI) 
and to allow pregnancy advice and 
management to occur 
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Design 

Once the subjects have been selected and adhere to the criteria above it is proposed 

that the data will be manipulated and classified in order to be able to carry out 

statistical analysis. The Statistical Package for the Social Sciences (SPSS) (version 

14) was used to investigate the data. To enable statistical analysis the data was 

assigned into categories; transforming the data into nominal form. This enables non 

parametric testing, including descriptive statistics and chi squared testing to 

investigate associations between variables. The large sample size reduces the risk of 

Type 1 errors. A probability value of <0.05 was assigned as indicating correlation and 

this reduces the risk of Type 2 errors. 

 

This would include initially the variables of BMI and gestation time. 

Table 5: Proposed BMI classification (adapted from Todorovic, 2003) 

BMI (kg/m2) Classification Category for 
analysis

<18.5 Severe-moderate 
underweight  

1 

18.6-19.9 Moderate-mild 
underweight  

2 

20-24.9 Acceptable 3 
25-29.9 Overweight 4 
>30 Obese  5 
 

Table 6: Proposed gestation time classification 
Gestation time 
(weeks and days) 

Classification Group  Category for 
analysis 

>37 weeks Standard term delivery T 1 
32-36 weeks & 6 
days 

Preterm delivery PT 2 

28-31 weeks & 
6days 

Very preterm delivery VPT 3 

<27 weeks & 6 days Extremely preterm 
delivery 

XPT 4 
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Possible confounding factors are also to be classified and investigated further. 

 

Table 7; Proposed further differentiation in age  

Age (years) at first 
presentation to LWH 

Category for 
analysis 

<17 (looking at issues 
concerned with the age 
of consent) 

1 

17-19 2 
20-25 3 
26-30 4 
31-36 5 
>36 6 
 

Table 8; Proposed differentiation in smoking behaviour 

Smokers  Category 
for 
analysis 

No/never/stopped 1 
1-5 2 
6-10 3 
>11 4 
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Statistical Analysis 

 
The data available, obtained from MEDITECH, enables the nature and extent of 

usable data to be identified.  

Simple analysis of data will enable descriptive statistics to be obtained and then more 

complex analysis can be carried out using SPSS software. 

Proposed analysis using SPSS includes  

• Descriptive statistics for all variables; including frequencies, looking at 

percentages and examining possible trends using pie charts and histograms 

where appropriate.  

• The two BMI groups relating to underweight were also analysed separately to 

identify any variance from the total sample. 

• Chi squared test to look at whether a trend is significant (p<0.5) 

• Investigation into possible confounding factors such as smoking and maternal 

age on adverse pregnancy outcomes such as gestational age and still birth 

Tests are non-parametric as the data has been reclassified into nominal data 

categories.  
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Results 
 
Results have been generated using SPSS (version 14) software. These are summarised 

in this section and available in full in the appendices.  

 

Missing data. 

The sample included missing (absent) data, incomplete data and data that was 

considered inaccurate or incorrectly inputted (varying widely from the norm). This 

appeared most notable with BMI data. With 3342 subjects, 14.1 %, not having usable 

BMI data. 

The table below summarizes the data for each variable that was either missing, 

incomplete or considered inaccurately inputted into the database.  

The implications of this will be discussed in the next section. 

 
Table 9. Missing data by variable 

Variable Sample size Valid 
sample 

‘missing’ data Percentage of 
sample size 
‘missing’ 

Maternal BMI 23664 20323 3341 14.1 
Maternal age 23664 23662 2 0.0 
Parity 23664 23569 95 0.4 
Maternal 
smoking status 

23664 23303 361 1.5 

Gestational Age 23664 23599 65 0.3 
Birth outcome 23664 23644 20 0.1 

 

Study sample 

To build a complete analysis of the data it was analysed using frequency analysis. 

Percentages used relate to the whole sample, not having been adjusted to account for 

missing data. 
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Maternal BMI 

 
As shown in the pie chart below the majority, 41 %, of the sample were of normal 

(acceptable) weight. 35.9 % of the sample were either overweight or obese which also 

appears to support previous findings. There was also 14.1% of the total sample with 

either incomplete, missing or inaccurately entered data. 

The BMI grouping of underweight, both severe-moderate and moderate-mild, had a 

cumulative percentage of 8.9%. The smallest grouping was the severe-moderately 

underweight group that will be discussed in the next section. 

  

Figure 10: Pie chart indicating the maternal pre pregnancy BMI distribution (%) 
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Maternal Age 

As shown in the pie chart below that the age groups 20-25 years, 26-30 years and 31-

36 years had 26.3%, 27.1% and 24.7% respectively. This had the least missing data of 

all the variables with only 3 subjects having missing, incomplete or inaccurately 

entered data at under 0.05% of the total sample. 

Subjects under 20 years were, in total, only 5.6 % of the total sample. Of these it was 

only 89 subjects; 0.4 % of the total sample, that were aged 16 years and under.  

 
 
Figure 11: Pie chart indicating the maternal pre pregnancy age distribution (%) 
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Looking at the table below the most notable difference between the BMI groups 

appears to be in the 20-25 yrs age group. This is over 43% of the severe-moderately 

underweight group in comparison to under 27% of the total sample.  

Table 10: Comparison of distribution (%) between different BMI groups 

Maternal Age 
(yrs) 

Total sample 
(%) 

Moderate-mild 
underweight (%) 

Severe-moderate 
underweight (%) 

<17 0.4 0.6 0.3 
17-19 5.2 9.9 12.7 
20-25 26.3 35.5 43.2 
26-30 27.1 25.6 23.5 
31-36 24.7 18.5 14.9 
>36 16.3 9.9 5.4 
Total                100.0 100.0 100.0 
 
 
 
 
Parity 

From the pie chart below it can be determined that the majority (77.6%) of the sample 

were having either their first or second child during the data collection period. Only a 

very small percentage (3.2%) are having their 5th or 6th child. There was missing data 

for 96 women at 0.4% of the total sample size. 

 

The majority of the group were nulliparous (having their first child) at 44.9%. This is 

the sample being investigated in further analyses with reference to preterm delivery. 
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Figure 12: Pie chart indicating the distribution (%) according to parity 
 
Table 11: Comparison of distribution (%) between different BMI groups 
Parity Total sample 

(%) 
Moderate-mild 
underweight 
(%) 

Severe-
moderate 
underweight 
(%) 

0 44.9 52.9 57.4 
1 32.7 29.7 29.6 
2 13.7 11.9 8.4 
3 5.1 3.2 3.3 
4 1.7 1.2 0.3 
>4 1.5 1.1 0.8 
Total 99.6 99.9 99.8 
Missing 0.4 0.1 0.2 
Total 100.0 100.0 100.0 
 
 

Looking at the comparison of parity between the different BMI groups it would 

appear that as parity increases so does maternal pre pregnancy weight. This is 

supported by the lower weight groups having a higher percentage of subjects in lower 

parity groups. 
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Maternal Smoking status  
 
It can be seen in the pie chart below that the majority of mothers-to-be at 74% were 

non or ex smokers at the time of data collection. This included those that answered 

no, never and stopped. There were 362 subjects with missing data accounting for 

1.5% of the total sample. 

 

 
Figure 13: Pie chart indicating the distribution (%) related to maternal smoking status. 
  
 
Table 12: Comparison of distribution (%) between different BMI groups 
Smoking status 
(per day) 

Total sample 
(%) 

Moderate-mild 
underweight 
(%) 

Severe-
moderate 
underweight 
(%) 

No/never/stopped 74.0 64.6 61.5 
1-5 8.2 11.8 12.2 
6-10 10.8 15.5 16.7 
>11 5.5 6.6 7.8 
Total 98.5 98.5 98.2 
Missing 1.5 1.5 1.8 
 100.0 100.0 100.0 
 
Looking at the table above it is interesting to note that the percentage of smokers is 

significantly higher in the underweight groups than in the total sample. 
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Gestational age 

Viewing the pie chart below indicates that the vast majority of mothers, 91.6%, gave 

birth to infants at term. There were 66 cases of missing, inaccurately inputted or 

incomplete data at 0.3% of the total sample. 

Less than 1% of the births were extrermely preterm at less than 28 weeks gestation. 

1% of births were very preterm at 28-31 weeks gestation and 6.2% were preterm at 

32-37 weeks. This is a total of 8.1% of the sample having preterm deliveries. This will 

be discussed in the next section. 

 

 
 
Figure 14: Pie chart indicating the distribution (%) according to gestational age for the 
whole sample.  
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Table 13: Comparison of distribution (%) between different BMI groups 
 Total sample 

(%) 
Moderate-mild 
underweight 
(%) 

Severe-
moderate 
underweight 
(%) 

Term 91.6 92.1 88.1 
Preterm 6.2 6.9 9.5 
Very pre term 1.0 0.6 1.5 
Extremely pre 
term                       0.9 0.4 0.8 

Total 99.7 100.0 99.8 
Missing 0.3 0 0.2 
 100.0 100.0 100.0 
 
As can be seen in the table above the more underweight BMI groups have a higher 

percentage of preterm deliveries. This is more pronounced in the severe-moderately 

underweight group with a total of 11.8% of infants born prematurely.  

 
 
Birth outcome 

Looking at the pie chart below indicates that 99.4% of the babies were live births and 

0.5% were unfortunately still birth. There were 21 subjects with missing data at 0.1% 

of the total sample size.  

  

 
 
Figure 15: Pie chart indicating the distribution (%) according to birth outcome. 
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The table showing the comparison of distribution between the different BMI groups 

indicates that severe-moderate underweight women may have a small increased risk 

of still birth. 

Table 14: Comparison of distribution (%) between different BMI groups 
Birth outcome Total sample 

(%) 
Moderate-mild 
underweight (%)

Severe-
moderate 
underweight (%)

Live birth 99.4 99.7 99.2 
Still birth 0.5 0.3 0.5 
Total 99.9 100.0 99.7 
Missing 0.1 0 0.3 
 100.0 100.0 100.0 
 
 
 
 
Chi squared test to investigate possible significant (p<0.05) trends 
 
Table 15. Indications of association between variables for total sample 
 BMI Maternal 

age 
Parity Maternal 

smoking 
status 

Gestational 
age 

Birth 
outcome 

 BMI  Y Y Y Y N 
Maternal 
age 

0.000  Y Y Y Y 

Parity 0.000 0.000  Y Y Y  
Maternal 
smoking 
status 

0.000 0.000 0.000  Y N 

Gestational 
age 

0.023 0.000 0.000 0.000 0.000 Y 

Birth 
outcome 

0.388 0.001 0.044 0.474 0.000  

Y demonstrates significant cross tabulation using the Chi squared test (p<0.05) 
 
This table indicates the possible association between variables investigated using the 

chi squared test. 

 This highlights that the most significant variables in this study, those of BMI and 

gestational age have a significant association where p<0.05. 
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Other interesting variables showing a significant association (p<0.05) with BMI are 

maternal age, smoking status and birth outcome. These will be discussed in the next 

section. 

Table 16. Indications of association with gestational age and other variables in different 
BMI groups 
 Total sample Moderate-mild 

underweight 
Severe-moderately 
underweight 

Gestational age & Maternal 
age 

0.000 
Y 

0.002 
Y 

0.111 
 

Gestational age &  Parity 0.000 
Y 

0.065 
Y 

0.006 
Y 

Gestational age & Maternal 
smoking status 

0.000 
Y 

0.000 
Y 

0.040 
Y 

Gestational age & Birth 
outcome 

0.000 
Y 

0.000 
Y 

0.000 
Y 

Y demonstrates significant cross tabulation using the Chi squared test (p<0.05) 
 

This table indicates the possible association between variables investigated using the 

chi squared test. It also provides a comparison between the different BMI groups for 

underweight subjects and the total sample. 

 This highlights that parity, maternal smoking status and birth outcome are 

consistently significantly associated across the different BMI groups. Maternal age 

does not have significant (p<0.5) association across all BMI groupings.  
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Discussion 

During pregnancy the foetus is solely reliant upon maternal nutrition and fat stores. 

This implies that inadequate nutritional intake prior to, or throughout pregnancy will 

reduce the nutritional availability for the foetus, either from maternal stores and/or 

intake. Understanding the effect of maternal adiposity and pre pregnancy BMI on 

pregnancy/ birth outcome is important to not only the individual but also in the area of 

public health. The effect of adverse pregnancy and birth outcome are both immediate 

with infant survival and health, and also influencial on development and health in 

later life. Research is increasing in the area of maternal overweight and obesity as this 

becomes of greater political and media interest. However the area of maternal 

underweight is less researched and it is into this area that this study, and the research 

by Sabra Ralph (2009) are investigating.   

 

This study has built upon the limitations of previous research (Abayomi et al, 2007; 

Cnattingius et al, 1998, 2006; Depisheh et al, 2005; Sebire et al, 2001, 2006) by 

further separating the grouping of BMI, especially underweight. The research also 

investigated factors such as maternal age and smoking behaviour as possible 

confounding factors. This is important as previous research (Burchett & Seeley, 2003; 

Cnattingius, Akre, Lambe, Ockene & Granath; Depisheh, Attia, Drammond &Brabin, 

2005) had highlighted that they increase risk of adverse pregnancy/ birth outcome 

similar to that suggested for low pre pregnancy BMI; increased  risk of pre term 

delivery and low birth weight. This research should therefore enable more accurate 

definition of risk boundaries and identification of pregnant women who are 

potentially at high risk of adverse pregnancy outcome. It is also suggested that if 

health professionals were to incorporate this information into targeted pre natal care 
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during the pregnancy, it may also be useful in pre conception and inter natal care to 

reduce potential risk factors for future pregnancies.  

 

This may also increase awareness of the extent of maternal morbidity after childbirth 

and enable improved support and treatment for many of these conditions (Brown et al, 

2006). Research has suggested that over 90% of women experience at least one major 

health problem in the first year after childbirth. If these are contributed to by the 

maternal health in early pregnancy and/or the birth method then these may also be 

reduced with improved awareness of risk factors for adverse pregnancy/ birth 

outcome. This research has investigated a large enough sample to consider it 

representative and for findings in the research to be further investigated and utilised in 

improving services both during and after the pregnancy. 

 

With preterm delivery and immaturity being the commonest cause of neonatal death, 

it is an important area of research. The percentage of infants delivered pre term, at 

less than 37 completed weeks of gestation, is increasing in developed countries 

worldwide. This is partly due to increased medical intervention, but also due to an 

increase in the number of spontaneous pre term deliveries. Priority should therefore 

ensure that evidence based preconception and pre natal interventions are implemented 

to improve infant and maternal outcomes. Any known risk factors for preterm 

delivery such as adolescent mothers and smoking behaviour requires increased 

support and education for health professionals and work to reduce these risk 

behaviours. Another area that has had less attention is pre pregnancy underweight. 

Much attention has been given to the potential increased risk of maternal overweight 

and obesity and health professionals are aware of this. Hence mothers who are in this 
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group will be identified and hopefully provided with targeted information and 

support. Until similar evidence based intervention is in place for maternal 

underweight and malnutrition it is proposed that targeted support may not be provided 

as risk is not highlighted by health professionals. Studies have highlighted that the 

risk of maternal pre pregnancy underweight may be reduced with adequate weight 

gain during pregnancy (Scieve et al, 2000; Sebire et al, 2001,2006; Siega-Riz et al, 

1996) and therefore targeted support and education of underweight mothers may be 

able to reduce their individual risk. Prenatal visits should also highlight those mothers 

for whom previous pre term delivery makes them an increased risk for subsequent pre 

term birth and they should be made known to health professionals.  

 

Many mothers will overlap a number of risk categories, such as underweight, 

adolescent, smoking behaviour and previous pre term deliveries and these young 

women should receive increased support and care throughout their pregnancy and 

beyond, into the area of inter natal care. It is hoped that research into the increased 

risk of maternal pre pregnancy underweight, with confounding factors such as 

smoking and age, may increase the knowledge base and resources of health 

professionals. Features of this research that distinguish it from prior research include 

the further separation of BMI groupings and inclusion of smoking behaviour and 

maternal age as possible confounding factors. This builds upon existing research and 

highlights areas of possible future study. It is a large retrospective sample that allows 

exploration of the hypothesis that maternal pre pregnancy underweight may increase 

risk of pre term delivery and stillbirths. 
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Results 

Looking at the results from the statistical analysis of data allows interpretation, not 

only of the database, but also its’ limitations.  

 

BMI 

The analysis shows that 8.9% of the subjects were underweight at BMI <19.9. 

However the severe-moderate underweight group; those at most risk of malnutrition 

(Todorovic, 2003) were the smallest group in the sample. This may support evidence 

that low BMI is related to infertility, Amenorrhoea (lack of periods) and avoidance of 

pregnancy during eating disorders due to the associated weight gain (Murphy & 

Morgan, 2006). 

The other groups are not as much of a priority for this study as it is concerned 

primarily with maternal underweight. It is interesting to note that 41% of the total 

sample were of normal (acceptable) weight. However 35.9% are either overweight or 

obese and this supports previous findings. It also supports the concerns of the medical 

professions and the media about the increase in obesity. 

 

The chi squared analysis highlighted that the most significant variables in this study, 

those of BMI and gestational age have a significant association where p<0.05. From 

this association it would be interesting to investigate further with different BMI 

groupings too see if this association is significant for each group. With reference to 

the question of maternal underweight and preterm delivery (gestational age) it would 

appear that there is a significant association (p<0.05) 

Other interesting variables showing a significant association (p<0.05) with BMI are 

maternal age, smoking status and birth outcome. This may encourage further 
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discussion and research into the importance of weight to women of different ages 

amongst other interesting discussions. 

 

Maternal Age 

The analysis of maternal age highlighted that the subjects aged under 20 years old 

accounted for only 5.6% of the total sample. Of these only 89 girls, 0.4% of the total 

sample, were under 16 years old. This is an interesting result with reference to family 

planning and concerns about underage pregnancy. 

Looking at the table below the most notable difference between the BMI groups 

appears to be in the 20-25 yrs age group. This is over 43% of the severe-moderately 

underweight group in comparison to under 27% of the total sample. This supports the 

findings by Abayomi et al (2007) that the incidence of maternal underweight was 

highest in woman under 30yrs. However this study has further divided both age and 

BMI groups to allow for increased accuracy in identification of this group. The 

severe-moderately underweight group has a BMI <18.5 which is classified by 

Todorovic et al (2003) as probably malnourished. The high incidence of this 

classification in the age group 20-25yrs could be a subject for further research. 

Interestingly the only group not showing a statistically significant result (p<0.05) was 

the severe-moderately underweight group looking at the relationship between 

maternal age and preterm delivery. This doesn’t support the hypothesis that very 

underweight younger women may be at increased risk of premature delivery.  

 

Parity 

It would appear that as parity increases so does maternal pre pregnancy weight. This 

is supported by the lower weight groups having a higher percentage of subjects in 
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lower parity groups. Of the total sample, 44.9% are having their first child whereas 

57.4% of the severe-moderately underweight group are. This trend continues as the 

number of children increases. This supports the idea that pregnancy results in weight 

increases not just during, but post pregnancy. 

 

Maternal smoking status 

Although this group had 361 subjects with missing data at 1.5% of the total sample, 

the overwhelming majority of mothers-to-be at 74% were non or ex smokers. Looking 

at the results it is interesting to note that the percentage of smokers is significantly 

higher in the underweight groups than in the total sample. With 64.6% and 61.5% non 

smokers in the moderate-mildly and severe-moderate underweight groups 

respectively. It is also notable that this trend is seen in all of the smoking status 

(amount per day) groups, implying that the more underweight women are not only 

more likely to smoke, but more likely to smoke more than heavier women. This could 

support the idea that smoking is used as a method of weight control. It would be 

interesting to further research whether different age groups had a different attitude to 

smoking cessation. However due to the time limitations of this research it was decided 

not to investigate further into this area. 

This research also supported previous findings such as Delpisheh et al (2007) looking 

at the association between both gestational and maternal age and smoking . This could 

be further expanded in future research. However as this study is focusing more on the 

effect of maternal underweight and gestational age the statistically significant results 

are noted but not expanded upon. 
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Gestational  age 

The majority of mothers gave birth to infants at term (91.6%). Missing data accounted 

for 0.3% of the total sample. The analysis showed 8.1% of mothers giving birth to 

preterm babies. Less than 1% of the births were extremely preterm at less than 28 

weeks gestation. 1% of births were very preterm at 28-31 weeks gestation and 6.2% 

were preterm at 32-37 weeks. The Healthy People Initiative 2010 aims to reduce these 

figures to no more than 7.6% of live births being delivered prematurely of which less 

than 1.1% will be prior to 32 weeks (XPT or VPT) (National Center for Health 

Statistics, 2008). 

 

This shows that neither the percentage of live births being born prior to 32 weeks 

gestation (extremely or very preterm) or the overall percentage of preterm delivery is 

at a level considered acceptable by The Healthy People Initiative 2010. Research such 

as this study may allow targeted intervention for at risk groups and help to reduce the 

risk of preterm delivery to a more acceptable level. 

 

As can be seen in the results the more underweight BMI groups have a higher 

percentage of preterm deliveries. This supports the findings of previous research 

(Ehrenberg et al, 2003; Hollander et al, 2001; Sebire et al, 2001). The This is more 

pronounced in the severe-moderately underweight (BMI <18.5) group with a total of 

11.8% of infants born prematurely. The moderate-mildly underweight group (BMI 

18.6-19.9) had a total of 7.9% of infants born prematurely, and of those only 1% born 

either very or extremely prematurely at prior to 32 weeks. This is the only group 

which could be considered as within the acceptable level set by the Healthy People 

Initiative. 
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This appears to imply that whereas a BMI <18.5 may imply an increased risk of 

premature delivery, a small increase in maternal weight may help to reduce the risk 

significantly. This could be a useful area for further study and to assist in targeted 

intervention to reduce the risk of preterm deliveries 

 

Birth outcome 

Analysing birth outcome showed that 0.5% of the total sample were stillborn. 

Looking at the different BMI groups may indicate that BMI<18.5 have a small 

increased risk of still birth. However the chi squared analysis did not show a 

significant association across the whole sample. 

 Neonatal mortality rates are utilised as an indication of a regions’ health (WHO 

2005). It may be interesting to further research this in relation to gestational age as 

although spontaneous preterm deliveries account for just over 10% of births they 

account for over 75% of neonatal deaths (Bernai, 2007). 

 

Data  

The study is economically viable and, having a large number of subjects, could be 

considered representative.  The parameters of the study depend, however, upon the 

data held by Meditech; limitations in data will naturally influence the analyses 

performed. The data used is considered accurate and, although no validation of 

accuracy has been performed, the qualified personnel who collect the data as part of a 

standard procedure are aware of the need for accuracy and hence accuracy of data has 

been assumed. Also pre term delivery is itself a heterogeneous syndrome with three 
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recognised subclasses. These include spontaneous pre term delivery, medically 

induced pre term delivery and premature rupture of membranes resulting in preterm 

delivery. As the gestation period was recorded on MEDITECH and utilised to 

determine pre term delivery this does not differentiate between these subclasses. Only 

spontaneous pre term delivery would be affected by general interventions and this 

should be a consideration when examining the results of the research.  

  

The use of anonymised data renders the information impersonal, maintaining 

confidentiality, but preventing further information being elicited from the subjects. A 

‘one shot’ data collection process prevents further collection as the study proceeds. As 

a quantitative as opposed to qualitative study, the results may indicate an association 

between maternal pre pregnant underweight and adverse pregnancy/birth outcome but 

it will not explain why the association occurs; further studies may be required. 

Smoking and teenage motherhood have also been highlighted as associated with 

adverse pregnancy and birth outcomes ((Burchett & Seeley, 2003; Cnattingius, Akre, 

Lambe, Ockene & Granath; Depisheh, Attia, Drammond &Brabin, 2005).  The 

researchers concluded that introducing the possibility of smoking, parity and age as 

possible confounding variables was an important consideration in investigating 

maternal underweight. This is due to the research suggesting association with similar 

adverse pregnancy outcomes for these as maternal underweight. 

 

Ethical considerations and limitations 

Subject data used was retrospective, anonymous and no contact with subjects or 

manipulation of variables was required. Data was obtained from a pre existing 

database, MEDITECH, and therefore there was no need for recruitment of subjects or 
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a control group. Ethical considerations such as those concerning vulnerable groups 

such as pregnant women and subjects under the age of consent are therefore less 

problematic. Ethical approval was obtained in 2008 and allowed the researchers to 

utilise the data on the MEDITECH database within certain security restrictions. The 

ethical questions include asking a ‘worthwhile’ question in terms of the size of the 

population and the associated birth outcomes, morbidity and resource and further 

research implications. The size of the sample allows it to be considered representative 

of the population and to detect clinically important differences in outcome associated 

with pre pregnancy maternal weight. The data utilised was that of BMI, maternal age 

and parity, smoking and length of gestation. This was then organised into groups to 

allow for statistical analysis to highlight high risk groups more accurately. All data 

was safe guarded and kept securely to ensure confidentiality of data. All data taken  

from MEDITECH  was anonomised and also kept on a password protected computer.  

 
Data collection often occurs at the initial pre natal visit and is part of standard 

procedure and it is taken by qualified medical staff for whom accuracy is important 

and the hence accuracy of data is assumed. Working with real world data involves 

cases where data is missing or corrupt and acceptance of these imperfections as 

limitations in the research. Although this results in data being cleaned and corrupt 

data removed prior to statistical analysis the sample is still large enough to be 

considered representative. Other limitations of the research may include definitions of 

such terms as ‘preterm’ birth. It was noted prior to the statistical analysis that the date 

of conception was usually dated using ultra sound and not using LMP. This is in 

accordance with the dates of pre term definition as being prior to 37 weeks gestation. 
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There are also some subjects for whom the gestation period data is missing. These are 

excluded from the study and should be noted as a limitation of retrospective data use 

over which the researchers have no control.  

 

These limitations in the quality of data input will be taken into consideration during 

the research. It should be noted that all the births are classed as singleton and multiple 

births are not included in the data received from MEDITECH. In the ethics 

documentation (COREC) this was requested to remove the confounding factors of 

birth complications associated with multiple births. Due to the large numbers of 

subjects remaining it is to be assumed that this will not adversely affect results and 

that the sample size is still considered representative of the population. In fact as 

multiple births are more likely to demonstrate preterm delivery and low birth weight 

than singleton deliveries it may lower the chance of any positive associations being 

found by the statistical analysis. 

  

MEDITECH 

The MEDITECH database has not been externally validated. Data collection occurs at 

the initial visit and is part of standard procedure and it is taken by qualified medical 

staff for whom accuracy is important and the hence accuracy of data is assumed. Data 

entered by each individual midwife after the completed birth  includes birth/ infant 

data. The data requested in the original ethical proposal (COREC) was that of BMI, 

maternal age and parity, smoking, length of gestation, neonatal gender, and any 

known maternal health problems such as anaemia and/or any acknowledged 

micronutrient deficiencies. However the data available on the MEDITECH database 

is limited and therefore this restricts the research. For example BMI is only available 
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at the initial visit and therefore weight gain throughout the pregnancy cannot be 

investigated. Also where BMI is not available there may be height/ weight details 

available that, in theory would allow for calculation of BMI to be made. The database 

automatically calculates BMI when the data is present and thus it is assumed where 

BMI is missing the data is not suitable for calculation.  

 

The database began in 1996, and the BMI was only added in 2004. When added it was 

programmed to calculate BMI from existing data where required, which means that 

midwives are only responsible for entering data and not for calculations. This lowers 

the risk for human errors in calculation. Therefore only those subjects for whom BMI 

is already recorded onto the MEDITECH database and those for which it was possible 

to calculate BMI from existing data will be included in the study sample. The 

program also sorts the data, within each day, by ascending BMI. This was highlighted 

when first grouping the BMI for statistical analysis as it was obvious that BMI were 

recorded in ascending order, with those subjects with missing BMI being recorded 

last. This is not because the more underweight women always give birth earlier in the 

day!! It is due to the database ordering the data using the BMI rather than the time of 

day the birth occurred. Each midwife enters the data individually after the completed 

birth and includes all maternal, birth and infant data availableTherefore only those 

subjects for whom BMI is already recorded onto the MEDITECH database, or able to 

be calculated will be included in the study sample. Also that the limitations of BMI 

will be noted and the results examined with this as a consideration. There were 3341 

women with missing BMI data. This accounted for 14.1% of the total sample and 

highlights inadequacies in data collection and/or input. 
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Data available on the MEDITECH database was limited and this restricted possible 

research opportunities, as will be discussed later. For example BMI is only available 

at the initial visit and therefore weight gain throughout the pregnancy cannot be 

investigated. Also where BMI is not available there may be height/ weight data that, 

in theory, would allow for calculation of BMI to be made. However due to the height 

being recorded in both cm and feet/inches and combined with the large sample size it 

is not a feasible option to attempt to calculate BMI except where the measurements 

are metric. Also many subjects are missing data on their height hereby not allowing 

for BMI calculation. This should be highlighted as it is a midwifery requirement at 

prenatal visits and without it BMI calculations are not able to be made. This is an area 

which has been highlighted as possibly inaccurate and one in which small errors may 

result in larger discrepancies in the final data. This is because BMI is calculated using 

the square of the maternal height and therefore any error in measurement will also be 

squared and thus become even larger. Part of the midwifery guidelines specify that 

weight, height and BMI are to be taken at prenatal visits. It should be highlighted that 

this has not been adhered to in all cases as there were 3341 subjects for whom it was 

not possible to calculate BMI due to missing data.  

 

The quality of the data is not known and it is assumed to be accurate.  Quality of the 

original measurements is an area where this research is not able to investigate, 

however this is a further opportunity for further research. It should however be noted 

that as the height is squared any small discrepancies in this data will produce larger 

errors in BMI calculation. Also a consideration in BMI inaccuracy is the leg length 

proportionate to the weight carried in the torso. For example those mothers with 

longer legs will carry weight differently to those of similar BMI but different body 
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proportions. BMI data is of different relevance in differing ethnic groups and this is 

an important factor in consideration of maternal underweight. BMI is also limited in 

consideration of body composition which could mean that more muscled women are 

classed as overweight.  

 

Subjects and data 

The different ethnic background of mothers is also proposed to be a possible factor 

that could affect results of investigations into weight related health issues. It should 

also be noted that some ethnic minority groups, for example particular Asian 

ethnicities, and certain genetic pre dispositions may have less health problems when 

underweight. This has also been investigated with research into overweight and 

obesity and has resulted in, for example the defining of different risk boundaries for 

waist measurement and BMI for Asian minorities. Also the risk of preterm delivery of 

women with low pre pregnancy BMI was found to be greater for black and Latina 

women than for white women. Simhan & Bodnar (2006) found that women with a 

low body mass index before becoming pregnant were 40% to 90% more likely to have 

a preterm birth than women with BMI within the normal range. Black women with 

low pre pregnancy BMIs were also found to be, specifically, at an increased risk of 

vaginal inflammation. The researchers proposed this might help "explain, in part, the 

racial disparity in preterm birth" (Simhan &Bodnar,2006). Although Liverpool has a 

large ethnic minority estimated at around 8% of the total population we were unable 

to investigate ethnicity as a confounding factor. The data available to the research 

from the MEDITECH database did not include maternal ethnic background and was 

therefore limiting as to possible investigations.  
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It was also not possible to investigate the socio economic background of the mothers 

in the study. Although the postcode was partly available on the MEDITECH database 

this was not useful in determining socio economic status. Due, partly, to the vast 

redevelopment of much of Liverpool and surrounding areas in recent years there is no 

longer a suitable postcode reliant method of investigating socio economic factors. It 

may prove interesting to see if trends emerge in, for example smoking behaviour and 

young mothers, as this could be seen as possibly indicative of socio economic status. 

However with time restraints of the study it was only possible to look at smoking and 

age as confounding factors in the research. Although it is appreciated that a more 

complete picture may have been found with the inclusion of racial ethnicity and socio 

economic status as further factors in looking at the risk of adverse pregnancy/ birth 

outcome.  

 

Due to the data being anonymised the need for ethical approval and consent for this 

research is reduced. However it also narrows the data available, for example not 

having full postcodes; that may have allowed for a mapping of localised occurrences 

such as young mothers, smoking or adverse pregnancy outcome which could then be 

further investigated and support provided where it is needed most. Also as the data 

was anonymised it is not possible to check the accuracy of the data. It has to be 

assumed that as data is recorded by medical professionals, it is in their interest to 

maintain accuracy. One aspect that was highlighted in the Abiyomi study (2007)) was 

the need for increased midwife availability in the North west area. This does appear to 

be supported by the findings showing a high proportion of high risk groups such as 

young mothers, smoking and high/low pre pregnancy BMI. If the existing nurses and 

midwife are over worked this would encourage me to question the accuracy of the 
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data input into the MEDITECH database. Another question as to the accuracy was 

noted with the high number of infants with the gender ‘U’ which is commonly taken 

to mean unknown gender or hermaphrodite. This is not feasible unless there is a very 

high proportion of children born in the north west area with this condition. Instead it 

would indicate poor quality data and highlight possible lack of care, consideration and 

accuracy of data input. This is supported by the large percentage of subjects at 14.1% 

having missing BMI information. This is to be relayed to LWH as an area to 

investigate and should be examined along side the possible shortage and over work of 

existing staff.  

 

Another important limitation of the study is the lack of data on maternal weight gain 

during the pregnancy. This has been linked to pregnancy/ birth outcome and is an 

important consideration. It is suggested that those mothers with low pre pregnancy 

BMI may also gain insufficient weight during the pregnancy. It is interesting to take 

into consideration the results indicating a lower pre pregnancy weight for first time 

mothers than those with children. However it is also possible that a woman who was 

very underweight prior to her pregnancy gained adequate weight during the 

pregnancy and gave birth to a full term normal weight infant. The Institute of 

Medicine (IOM) (1990) recommends that total weight gain during the pregnancy is 

based upon individual circumstances, such as pre pregnancy BMI. Regardless of their 

pre pregnancy weight it is necessary for all women to have adequate calorific intake 

and weight gain during pregnancy. However pregnant teenagers and underweight 

women are advised to gain more during pregnancy, than those who were overweight 

or obese prior to pregnancy. Had the data been available it may have been possible to 

separate the subjects into those with adequate and those with inadequate weight gain 
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during pregnancy. This is important on those with low pre pregnancy BMI as it would 

investigate the possibility of reducing risk by increasing nutrition during pregnancy. It 

is important to not only monitor weight gain patterns throughout pregnancy, but to 

encourage further research into the area of maternal nutrition. Health professionals 

need to be aware of as much information as possible to be able to provide informative 

and useful advice, especially to higher risk groups.  

 

Previous research (Sebire et al, 2006; Schieve et al, 2000) would appear to suggest 

that underweight pre pregnancy may be less of a risk factor if adequate calorific 

consumption and thus adequate weight gain during the pregnancy is maintained. 

Sebire et al (2006) suggested than pre pregnancy underweight can increase risk for 

preterm delivery and low birth weight infant. This risk is compounded for 

underweight women if they fail to gain adequate weight during pregnancy (Schieve et 

al, 2000). Sebire et al (2001) highlighted the possibility of inadequate weight gain 

during pregnancy leading to increased maternal metabolism and possible ketosis. This 

was proposed to impair neurological development and infants who are prone to illness 

(Abrams et al, 2000; Siega-Riz et al, 1996). It is also possible that parity modifies the 

relationship between maternal BMI, pregnancy weight gain and pregnancy/ birth 

outcome. To have access to data on maternal weight gain during the pregnancy would 

have, therefore, enabled further discussion and available information on high risk 

groups. The pattern of weight gain, rather than merely the overall weight gain 

((Fowles, 2004) is also an important area in looking at the risk of preterm labour. 

Abrams et al (2000) and Siega- Riz et al (1996) highlighted the second and third 

trimester as the vital part of pregnancy to maintain adequate nutrition and weight gain.  

 



Tabitha Cohen                                09.09 
MSc Weight Management 
 

68

There is no available data on lifestyle and dietary and physical activity. It is suggested 

that inadequate nutritional intake and possible malnutrition may increase risk for 

adverse pregnancy/ birth outcome. Although maternal weight may be used as an 

indicator of risk, it may not reflect the nutritional adequacy of maternal diet. Eating 

foods that meet the nutritional requirements of pregnancy (Fowles, 2004) is an 

important, but oft neglected part of prenatal care and advice. Inappropriate nutritional 

balance during the pregnancy can have long term consequences for both the mother 

and the infant. Many middle and low income women were found to be low in 

vitamins and minerals (Fowles, 2004) which indicates a need for increased support 

and advice from health professionals. Anemia during pregnancy has been linked with 

increased risk for preterm delivery and low neonatal birth weight (Allen, 2000) and 

therefore must be considered as a possible confounding factor with this study. Fowles 

(2004) suggested that low income women and those with limited financial resources 

available, such as younger mothers, may have more trouble achieving healthy and 

adequate nutritionally balanced diet during pregnancy. This may be partly due to lack 

of education and availability as well as low income levels (Burcett & Seeley, 2003.).   

 

However in some cases the physical activity levels and stress levels may also be a 

factor in low BMI and these cannot be investigated in this study. It should be noted 

that many environmental factors such as stress, socio economic status and activity 

levels are possible risk factors in pregnancy outcome. It is, therefore, an important 

consideration when looking at the limitations of the study to consider information that 

is not available to the researchers as well as the accuracy of the available data. For 

example it is not possible to determine whether weight gain during pregnancy has an 

effect on the resulting pregnancy outcome without the data being available and thus 
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included in statistical analysis. Health care professionals need as much information as 

possible on nutritional status and maternal health both prior to and during pregnancy 

in order to provide comprehensive and effective guidance during pregnancy.  

  

Research on dietary quality, specific nutritional requirements and advised weight gain 

during pregnancy is still evolving. Therefore it is important for health professionals to 

have the time and training to maintain the most up to date information available to 

them. Current evidence highlighting the potential for increased risk of adverse 

pregnancy/ birth outcome with maternal underweight shows the need for adequate pre 

natal care inclusive of dietary assessments throughout the pregnancy. The IOM (1992) 

recommends that the initial prenatal visit is an opportunity for a thorough assessment 

of typical dietary practice and nutrition. This should also include knowledge and 

availability of nutritional food and nausea/ vomiting with the pregnancy that could 

affect nutritional intake. Subsequent prenatal visits should continue assessment and 

identify problems, dietary changes, and inadequate weight gain.  

Areas which are already noted to be lacking; such as the collection of 

height/weight/BMI data and identification and more care provided for high risk 

groups, should be highlighted. Weight gain monitoring throughout the pregnancy, 

increased nutritional information for high risk groups such as low socio economic 

status, smokers or teenagers and supplementation where required should be an 

integral part of pre natal care. Health care professionals need the time and resources 

available to work with the mothers, especially those in high risk groups during the 

pregnancy. This provides opportunity to lower risk behaviours and encourage less 

adverse pregnancy and birth outcomes. Financial resources made available to health 
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professionals at this level would also reduce costs in later life that could result from 

adverse pregnancy/ birth outcomes. For example the list of health problems associated 

with pre term delivery includes; premature infants may show physical signs of their 

prematurity and may develop other problems as well. These include, but are not 

limited to, the following: cerebral palsy, neurologic conditions including 

developmental disability, apnea of prematurity and intracranial hemorrhage. 

Cardiovascular problems including patent ductus arteriosus (PDA). Respiratory 

problems including chronic lung disease and respiratory distress syndrome (RDS or 

IRDS). Gastrointestinal / metabolic conditions including hypoglycemia, feeding 

difficulties. rickets of prematurity, hypocalcemia, inguinal hernia and possible 

anaemia of prematurity (Wikapedia, 2008).  

It can be concluded that financial investment and improved training and available 

time of health professionals during pre natal visits would be useful if it resulted in 

reduced risk of preterm delivery and possible resulting conditions. Kramer (2001) 

noted that birth outcomes may be enhanced when nutritional advice is provided 

during pregnancy, especially concerning intake of protein and energy producing food. 

A team approach to promote dietary advice and adequate nutritional status is 

recommended (Fowles, 2004). The health care team including the physician, nurse 

and dietician should be available to high risk groups such as pregnant adolescents, 

low pre pregnancy BMI, smokers and those with previous pre term deliveries, as well 

as those highlighted during pre natal care as requiring additional support. During 

pregnancy, women are in contact with health professionals throughout their pre natal 

care and this is an opportune time to perform dietary assessment and provide 

individually tailored nutrional advice and education. For high risk groups and those 

whom are planning further pregnancies this can be extended into inter natal care and 



Tabitha Cohen                                09.09 
MSc Weight Management 
 

71

thus also attempt to reduce risk factors in future pregnancies. Encouraging and 

educating pregnant women to consume nutritionally adequate food and maintain an 

appropriate weight will not only foster fetal development but also the mothers health 

after pregnancy. In addition to encouragement of breast feeding , post partum women 

need to be encouraged to replenish nutritional stores, reduce risk factors, such as 

smoking and maternal underweight for future pregnancies and  maintain healthy 

lifestyle changes made during the pregnancy.  

Our study was only able to investigate pregnancies over 20 weeks booking into LWH. 

Underweight women are at greater risk of fertility issues and miscarriage which we 

were unable to investigate. This also lessens the ability to investigate the extent that 

pre pregnancy underweight may lessen the chance of a healthy pregnancy and infant. 

Studies suggesting that lack of nutrition in pregnancy and infants of underweight 

mothers may result in developmental delays later in childhood, these longer-term 

effects are not within the feasibility of this study. There is also the limitation of 

relying on BMI taken at prenatal visits. This may be taken at different points in the 

pregnancy dependant upon the date of presentation to LWH and thus underestimate 

pre pregnancy underweight. It could also include small inaccuracies in measurement 

that translate into larger inaccuracies in BMI. There is also the consideration that 

some women with low BMI may be able to attempt to hide this from health 

professionals, using clothes or methods of weighing heavier. The addition of a few 

Kgs combined with inaccurate visual analysis may reduce the chance of the pregnant 

mother being identified as higher risk. It may therefore be important for women with 

previously identified eating disorders to have this highlighted in their medical notes to 

encourage increased awareness of this history during PNC.  
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Due to the time constraints of an MSC study it was not possible to utilise all of the 

data available on the MEDITECH database. The study by Sabra Ralph (2009) looking 

into the possibility of a relationship between low pre pregnancy BMI and low birth 

weight and this research looking at pre term deliveries only utilise a small proportion 

of the available data. Delivery method data is present on the database and may 

provide opportunity for future research into the area of low pre pregnancy BMI. Other 

research may investigate areas such as nutrient depletion/ inadequacies with low 

maternal BMI although this data is not immediately accessible through the 

MEDITECH database.  If data could be acquired or collected in the future then 

looking at the effect of socio economic status and/ or ethnic variations may also build 

upon existing research (Simhan &Bodnar,2006) and could provide further information 

to enable identification of possible high risk groups.  

 

Birth is becoming safer for both mother and infant as understanding of risk factors 

and pregnancy complications have improved. Research and advances in knowledge 

have contributed to development of national clinical guidelines and standards of care. 

These are however often restricted by lack of available resources, such as trained staff 

and financial backing. It should be highlighted that adequate and improved prenatal 

and inter natal care will have both immediate and long term effects on the health and 

quality of life. Research that increases the knowledge and understanding of academics 

is of limited use if it does not then become part of the training and understanding of 

medical professionals who work within the area. On this note it should be high lighted 

that increased pre natal and inter natal care, providing support and education to high 



Tabitha Cohen                                09.09 
MSc Weight Management 
 

73

risk groups, would provide long term results in both lifestyle changes and reduced risk 

behaviour in future pregnancies. This can only be a possibility where staff numbers 

and training allow the time and resources to be focused on more targeted groups. In 

LWH they already have extra support for high risk groups such as adolescent mothers 

and smokers. It is suggested that not only are medical professionals made increasingly 

aware of the risk of maternal underweight, as well as overweight, to adverse 

pregnancy/ birth outcome. This would then allow targeted support and possibility of 

additional groups in which nutritional support, advice and resources could be made 

available. 

 

Studies evaluating the social and economic impact of community based pre natal care 

and pre conception and inter conception (inter natal) care (D’Angelo et al, 2007; 

Cramer, Chen, Robert & Clute, 2007) appear to demonstrate that although results 

varied, the overall analysis was positive. Cramer et al (2007) demonstrated an 

improvement in birth outcomes and a 31% cost saving in average hospital expenditure 

compared with non participant groups. Research demonstrates disparities among age 

and racial/ ethnic sub populations, as well as differences in behaviour between 

intended and unintended pregnancies. However this research would indicate that 

increasing pre natal and inter natal care provision and staff resources would 

potentially positively effect both pregnancy/ birth outcome and hospital finances. 

 

Low maternal pre pregnancy weight may be associated with potentially serious 

pregnancy/ birth outcome such as preterm delivery and/or stillbirth. When looking at 

this in combination with Ralph (2009) and the association with LBW the risks appear 

greater. It would appear that low prepregnancy weight may be associated with under 
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nourishment in pregnancy may lessen fetal growth and ability to carry the pregnancy 

to term. Nutritional counselling and awareness of higher risk mothers may be a useful 

public health measure to reduce levels of premature delivery, stillbirth and LBW. This 

could be included in, not only PNC but also inter natal care with mothers identified as 

high risk in future pregnancies. This would not only have immediate benefits for the 

mother and child but also reduce immediate and longer-term costs to society. 

 

It is important that women in their fertile years are encouraged to prioritise their 

personal and infant’s health over being the media hyped ‘size zero’. In an increasingly 

image conscious society where the media images and celebrity culture all promote the 

skinny silhouette. This may result in physical conditions such as malnutrition and 

deficiencies such as anaemia, as well as more psychological problems with eating 

disorders. The problems are likely result in longer-term issues with not only physical 

and mental health of mother and child but lifestyle choices such as bad food habits 

reoccurring in subsequent generations. Thus proper nutrition and its relationship to 

adverse pregnancy and/or birth outcomes such as preterm delivery and stillbirth are 

considerations both immediate and longer term. 
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Appendix 

frequency analyses 
Below are the results generated from the SPSS frequency analyses 

Maternal BMI for whole sample 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid severe-moderate 

underweight 664 2.8 3.3 3.3 

moderate-mild 
underweight 1442 6.1 7.1 10.4 

acceptable 9708 41.0 47.8 58.1 
overweight 5971 25.2 29.4 87.5 
Obese 2538 10.7 12.5 100.0 
Total 20323 85.9 100.0   

Missing System 3341 14.1    
Total 23664 100.0    
  

 
gestational age 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Term 586 88.1 88.3 88.3 

Pre term (PT) 63 9.5 9.5 97.7 
Very Preterm 10 1.5 1.5 99.2 
Extremely Preterm 5 .8 .8 100.0 
Total 664 99.8 100.0   

Missing System 1 .2    
Total 665 100.0    

Maternal age 

 Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid <17 years 89 .4 .4 .4 

17-19 yrs 1226 5.2 5.2 5.6 
20-25 yrs 6228 26.3 26.3 31.9 
26-30yrs 6405 27.1 27.1 58.9 
31-36 yrs 5850 24.7 24.7 83.7 
>36 3864 16.3 16.3 100.0 
Total 23662 100.0 100.0   

Missing System 3 .0    
Total 23665 100.0    
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Maternal parity  

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid 0 10620 44.9 45.1 45.1 

1 7730 32.7 32.8 77.9 
2 3248 13.7 13.8 91.6 
3 1215 5.1 5.2 96.8 
4 412 1.7 1.7 98.5 
>4 344 1.5 1.5 100.0 
Total 23569 99.6 100.0   

Missing System 96 .4    
Total 23665 100.0    

 
Maternal smoking behaviour 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid no/never/stopped 

pre pregnancy 17521 74.0 75.2 75.2 

1-5 1930 8.2 8.3 83.5 
6-10 2548 10.8 10.9 94.4 
>11/ day 1304 5.5 5.6 100.0 
Total 23303 98.5 100.0   

Missing System 362 1.5    
Total 23665 100.0    

 
Gestational age 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid TERM 21677 91.6 91.9 91.9 

PreTerm (PT) 1473 6.2 6.2 98.1 
Very PreTerm 237 1.0 1.0 99.1 
Extremely PreTerm 212 .9 .9 100.0 
Total 23599 99.7 100.0   

Missing System 66 .3    
Total 23665 100.0    
  
  

 
Birth outcome 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Live birth 23515 99.4 99.5 99.5 

still birth 129 .5 .5 100.0 
Total 23644 99.9 100.0   

Missing System 21 .1    
Total 23665 100.0    
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Chi square 

Bmi & gestational age 
 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 27.834(a) 15 .023
Likelihood Ratio 25.220 15 .047
Linear-by-Linear 
Association 7.919 1 .005

N of Valid Cases 
20304   

a  5 cells (20.8%) have expected count less than 5. The minimum expected count is .01. 
 
Chi-Square Tests gestational/smoking 
 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 114.028(a

) 9 .000

Likelihood Ratio 103.505 9 .000
Linear-by-Linear 
Association 59.137 1 .000

N of Valid Cases 
23273   

a  0 cells (.0%) have expected count less than 5. The minimum expected count is 10.80. 
 
 Chi-Square Tests of gestational age/birth outcome 
 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 1320.844(

a) 3 .000

Likelihood Ratio 346.062 3 .000
Linear-by-Linear 
Association 1140.371 1 .000

N of Valid Cases 
23578   

a  2 cells (25.0%) have expected count less than 5. The minimum expected count is 1.10. 
 
 
 Chi-Square Tests of gestational age/parity 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 135.488(a

) 15 .000

Likelihood Ratio 114.924 15 .000
Linear-by-Linear 
Association 38.402 1 .000

N of Valid Cases 
23537   

a  4 cells (16.7%) have expected count less than 5. The minimum expected count is 2.88. 
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 Chi-Square Tests of BMI/parity 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 239.177(a

) 25 .000

Likelihood Ratio 241.764 25 .000
Linear-by-Linear 
Association 213.915 1 .000

N of Valid Cases 
20317   

a  6 cells (16.7%) have expected count less than 5. The minimum expected count is .01. 
 
 
 Chi-Square Tests of BMI/birth outcome 
 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 5.231(a) 5 .388
Likelihood Ratio 4.670 5 .457
Linear-by-Linear 
Association 3.165 1 .075

N of Valid Cases 
20311   

a  3 cells (25.0%) have expected count less than 5. The minimum expected count is .00. 
 
 Chi-Square Tests of BMI/smoking 
 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 163.433(a

) 15 .000

Likelihood Ratio 157.409 15 .000
Linear-by-Linear 
Association 80.703 1 .000

N of Valid Cases 
20088   

a  4 cells (16.7%) have expected count less than 5. The minimum expected count is .06. 
 
 Chi-Square Tests of BMI/maternal age 
 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 601.951(a

) 25 .000

Likelihood Ratio 592.504 25 .000
Linear-by-Linear 
Association 440.093 1 .000

N of Valid Cases 
20321   

a  8 cells (22.2%) have expected count less than 5. The minimum expected count is .00. 
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 Chi-Square Tests of parity/birth outcome 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 11.427(a) 5 .044
Likelihood Ratio 9.237 5 .100
Linear-by-Linear 
Association 5.494 1 .019

N of Valid Cases 
23549   

a  2 cells (16.7%) have expected count less than 5. The minimum expected count is 1.86 
 Chi-Square Tests of parity/smoking 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 750.668(a

) 15 .000

Likelihood Ratio 626.755 15 .000
Linear-by-Linear 
Association 583.388 1 .000

N of Valid Cases 
23295   

a  0 cells (.0%) have expected count less than 5. The minimum expected count is 17.91. 
 
 Chi-Square Tests of parity/maternal age 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 3373.565(

a) 25 .000

Likelihood Ratio 3647.187 25 .000
Linear-by-Linear 
Association 2767.084 1 .000

N of Valid Cases 
23567   

a  3 cells (8.3%) have expected count less than 5. The minimum expected count is 1.30. 
 
 Chi-Square Tests of birth outcome/smoking 
 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 2.506(a) 3 .474
Likelihood Ratio 2.189 3 .534
Linear-by-Linear 
Association .780 1 .377

N of Valid Cases 
23283   

a  0 cells (.0%) have expected count less than 5. The minimum expected count is 7.05. 
 
 
 Chi-Square Tests of birth outcome/maternal age 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 21.519(a) 5 .001
Likelihood Ratio 17.706 5 .003
Linear-by-Linear 
Association 9.015 1 .003

N of Valid Cases 
23642   

a  1 cells (8.3%) have expected count less than 5. The minimum expected count is .49. 
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 Chi-Square Tests of smoking/maternal age 

  Value df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 886.322(a

) 15 .000

Likelihood Ratio 837.668 15 .000
Linear-by-Linear 
Association 363.683 1 .000

N of Valid Cases 
23301   

a  1 cells (4.2%) have expected count less than 5. The minimum expected count is 4.92. 
 
 
 
  
. Indications of association between variables (total sample) 
 BMI Maternal 

age 
Parity Maternal 

smoking 
status 

Gestational 
age 

Birth 
outcome 

 BMI  Y Y Y Y N 
Maternal 
age 

0.000  Y Y Y Y 

Parity 0.000 0.000  Y Y Y  
Maternal 
smoking 
status 

0.000 0.000 0.000  Y N 

Gestational 
age 

0.023 0.000 0.000 0.000 0.000 Y 

Birth 
outcome 

0.388 0.001 0.044 0.474 0.000  

Y demonstrates significant cross tabulation using the Chi squared test (p<0.05) 
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Severe-moderate underweight BMI group analysis 

 gestational age 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Term 586 88.1 88.3 88.3 

Pre term (PT) 63 9.5 9.5 97.7 
Very Preterm 10 1.5 1.5 99.2 
Extremely Preterm 5 .8 .8 100.0 
Total 664 99.8 100.0   

Missing System 1 .2    
Total 665 100.0    

 
 Parity 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid 0 382 57.4 57.5 57.5 

1 197 29.6 29.7 87.2 
2 56 8.4 8.4 95.6 
3 22 3.3 3.3 98.9 
4 2 .3 .3 99.2 
>4 5 .8 .8 100.0 
Total 664 99.8 100.0   

Missing System 1 .2    
Total 665 100.0    

 
 birth outcome 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid live birth 660 99.2 99.5 99.5 

still birth 3 .5 .5 100.0 
Total 663 99.7 100.0   

Missing System 2 .3    
Total 665 100.0    

 
 maternal smoking status 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid no/never/stopped 

pre pregnancy 409 61.5 62.6 62.6 

1-5 81 12.2 12.4 75.0 
6-10 111 16.7 17.0 92.0 
>11/day 52 7.8 8.0 100.0 
Total 653 98.2 100.0   

Missing System 12 1.8    
Total 665 100.0    
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 maternal age 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid <17 yrs 2 .3 .3 .3 

17-19 yrs 84 12.6 12.7 13.0 
20-25 yrs 287 43.2 43.2 56.2 
26-30 yrs 156 23.5 23.5 79.7 
31-36 yrs 99 14.9 14.9 94.6 
>36 36 5.4 5.4 100.0 
Total 664 99.8 100.0   

Missing System 1 .2    
Total 665 100.0    

 
 Chi-Square Tests gestational age/parity 

  Value df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 32.167(a) 15 .006
Likelihood Ratio 18.719 15 .227
Linear-by-Linear 
Association 10.158 1 .001

N of Valid Cases 
664   

a  16 cells (66.7%) have expected count less than 5. The minimum expected count is .02. 
 
 Chi-Square Tests gestational age/birth outcome 

  Value df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 33.510(a) 3 .000
Likelihood Ratio 14.203 3 .003
Linear-by-Linear 
Association 21.166 1 .000

N of Valid Cases 
663   

a  5 cells (62.5%) have expected count less than 5. The minimum expected count is .02. 
 
 Chi-Square Tests gestational age/maternal smoking status 

  Value df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 17.642(a) 9 .040
Likelihood Ratio 18.018 9 .035
Linear-by-Linear 
Association 7.142 1 .008

N of Valid Cases 
653   

a  8 cells (50.0%) have expected count less than 5. The minimum expected count is .40. 
 
 Chi-Square Tests gestaional age/maternal age 

  Value df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 21.894(a) 15 .111
Likelihood Ratio 14.403 15 .495
Linear-by-Linear 
Association 2.570 1 .109

N of Valid Cases 
664   

a  15 cells (62.5%) have expected count less than 5. The minimum expected count is .02. 
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Moderate-mild underweight analysis 
 gestational age 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Term 1327 92.1 92.1 92.1 

Preterm (PT) 99 6.9 6.9 99.0 
Very Preterm 9 .6 .6 99.6 
Extremely Preterm 6 .4 .4 100.0 
Total 1441 100.0 100.0   

 
 parity 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid 0 762 52.9 52.9 52.9 

1 428 29.7 29.7 82.6 
2 171 11.9 11.9 94.5 
3 46 3.2 3.2 97.7 
4 17 1.2 1.2 98.9 
>4 16 1.1 1.1 100.0 
Total 1440 99.9 100.0   

Missing System 1 .1    
Total 1441 100.0    

 
 birth outcome 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid live birth 1436 99.7 99.7 99.7

still birth 5 .3 .3 100.0
Total 1441 100.0 100.0  

 
 maternal smoking status 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid no/never/stopped 

pre pregnancy 931 64.6 65.6 65.6 

1-5 170 11.8 12.0 77.6 
6-10 223 15.5 15.7 93.3 
>11 / day 95 6.6 6.7 100.0 
Total 1419 98.5 100.0   

Missing System 22 1.5    
Total 1441 100.0    

 
 maternal age 

  Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid <17 yrs 9 .6 .6 .6 

17-19 yrs 142 9.9 9.9 10.5 
20-25 yrs 512 35.5 35.5 46.0 
26-30 yrs 369 25.6 25.6 71.6 
31-36 yrs 266 18.5 18.5 90.1 
>36 yrs 143 9.9 9.9 100.0 
Total 1441 100.0 100.0   
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Chi-Square Tests gestational age & parity 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 23.982(a) 15 .065
Likelihood Ratio 17.749 15 .276
Linear-by-Linear 
Association 10.599 1 .001

N of Valid Cases 
1440   

a  15 cells (62.5%) have expected count less than 5. The minimum expected count is .07. 
 
 Chi-Square Tests gestational age & birth outcome 
 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 48.066(a) 3 .000
Likelihood Ratio 7.487 3 .058
Linear-by-Linear 
Association 20.439 1 .000

N of Valid Cases 
1441   

a  4 cells (50.0%) have expected count less than 5. The minimum expected count is .02. 
 
 Chi-Square Tests gestational age & maternal smoking 
 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 38.496(a) 9 .000
Likelihood Ratio 35.411 9 .000
Linear-by-Linear 
Association 20.065 1 .000

N of Valid Cases 
1419   

a  7 cells (43.8%) have expected count less than 5. The minimum expected count is .40. 
 
 Chi-Square Tests gestational age & maternal age 
 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 35.380(a) 15 .002
Likelihood Ratio 17.166 15 .309
Linear-by-Linear 
Association .008 1 .928

N of Valid Cases 
1441   

a  13 cells (54.2%) have expected count less than 5. The minimum expected count is .04. 
 
 Chi-Square Tests parity & birth outcome 
 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 1.726(a) 5 .886
Likelihood Ratio 2.520 5 .773
Linear-by-Linear 
Association 1.443 1 .230

N of Valid Cases 
1440   

a  6 cells (50.0%) have expected count less than 5. The minimum expected count is .06. 
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 Chi-Square Tests parity & maternal smoking 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 86.732(a) 15 .000
Likelihood Ratio 69.801 15 .000
Linear-by-Linear 
Association 50.106 1 .000

N of Valid Cases 
1418   

a  7 cells (29.2%) have expected count less than 5. The minimum expected count is .87. 
 
 Chi-Square Tests parity & maternal age 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 302.719(a

) 25 .000

Likelihood Ratio 313.149 25 .000
Linear-by-Linear 
Association 240.723 1 .000

N of Valid Cases 
1440   

a  16 cells (44.4%) have expected count less than 5. The minimum expected count is .10. 
 
 Chi-Square Tests birth outcome & smoking 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square .688(a) 3 .876
Likelihood Ratio .973 3 .808
Linear-by-Linear 
Association .006 1 .936

N of Valid Cases 
1419   

a  4 cells (50.0%) have expected count less than 5. The minimum expected count is .33. 
 
 Chi-Square Tests birth outcome & maternal age 

  Value Df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 2.872(a) 5 .720
Likelihood Ratio 4.061 5 .541
Linear-by-Linear 
Association .001 1 .982

N of Valid Cases 
1441   

a  6 cells (50.0%) have expected count less than 5. The minimum expected count is .03. 
 
 Chi-Square Tests maternal smoking & maternal age 

  Value df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 98.296(a) 15 .000
Likelihood Ratio 95.776 15 .000
Linear-by-Linear 
Association 26.251 1 .000

N of Valid Cases 
1419   

a  3 cells (12.5%) have expected count less than 5. The minimum expected count is .6 
 


