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Abstract  

Background  

Macrosomia (birthweight Ó4kg) and rapid weight gain in infancy are 

both strong independent risk factors for early child overweight.  

Whilst there are environmental and genetic factors that contribute to 

an infantôs high birthweight, the continued exposure to an obesogenic 

environment t hat predisposes macrosomia may also have an effect 

on early infant growth patterns.  Rapid weight gain is potentially 

modifiable if identified during early life.  There is some evidence from 

randomised controlled trials  that interventions delivered in infancy 

may reduce the risk of early child overweight.  However parental 

beliefs on infant size have identified a preference for bigger babies 

and as such these beliefs may be barriers to engaging with 

interventions that co uld mitigate rapid weight gain.   

Aims  

1. To determine the prevalence of macrosomia in a representative 

sample of infants in Nottinghamshire.  

2. To explore the relationship between social disadvantage and 

macrosomia.  

3. To determine the prevalence of rapid  weight gain in the first year 

of life.  



iii 
 

4. To explore the relationship between social disadvantage and rapid 

weight gain in the first year of life  

5. To explore the interaction between macrosomia and rapid weight 

gain in socially deprived areas.  

6. To inve stigate whether infants who undergo rapid weight gain in 

the first year of life in deprived areas remain heavy at year two.  

7. To explore the relationship between social disadvantage and rapid 

weight gain in the first year of life in low birth weight infants.  

For infants born big and/or growing rapidly the aim for the qualitative 

study was: To explore parental beliefs around caring for infants with 

risk factors for child obesity with a view to informing the development 

of a targeted behaviour change in tervention.   

 

Results  

The research cohort contained 8904 term infants, born to mothers 

registered with a Nottinghamshire General Practitioner.  In an area 

with a high rate of child obesity, the overall prevalence of 

macrosomia in the 2008 Nottingham birth research cohort was 

12.2%, the proportion of rapid weight gain (as an increase of >0.67in 

weight - for -age z score) infants was 29.7% .  Male infan ts were found 

to have a 1.9 times increased risk of macrosomia and a 1.4 times 

increased risk of rapid weight gain compared to females.  Asian 

ethnicity appeared to be protective for both macrosomia (54%) and 

rapid weight gain (30%) compared to White infan ts.  Black ethnicity 
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was associated with a three - fold increased risk of being  overweight at 

aged two.  There was a 30% increased risk of macrosomia for infants 

born in the moderately deprived area compared with the most 

deprived.  I nfants in the most depri ved areas had only  1.2 times 

increased risk of rapid weight gain compared to the least deprived 

areas.  In a  small subsample n=36, infants born macrosomic in the 

most deprived areas, the risk of rapid weight gain increased more 

than two - fold compared to in fants in the least deprived areas.  Being 

classified as macrosomic at birth increased the infantôs chances of 

being overweight at age two by 3.9 times.  Infants who grew rapidly 

in their first year also had an increased chance of being overweight at 

aged t wo by 2.4 times.  From this study there appears to be little 

evidence that deprivation is associated with either macrosomia or 

rapid infant weight gain.  The strongest predictors of child overweight 

at aged two were being born macrosomic and growing rapidl y in the 

first year.  

Twenty four parents of infants who were born big and/or grew rapidly 

were recruited to the qualitative study.  Four key themes emerged 

from the thematic data analysis.  Parents were unconcerned about 

their childôs high weight and justified high weight status with a 

variety of explanations including familial traits  and that weight gain 

was believed to be positive and indicative of health.  Parentsô 

understanding of feeding baby demonstrated a propensity for 

overfeeding and parentsô weaning decisions were heavily influence d 



v 
 

by infant size with parents believing that bigger infants required 

earlier weaning.   

Implications for practice  

There is emerging evidence that responsive feeding is effective in 

reducing early childhood overweight.  However rather than targeting 

responsive feeding interventions in accordance to socioeconomic 

status for which this research found no justification, fo cusing on those 

infants who were born big or growing fast may be more effective.  I n 

order to recognise those infants with a growth pattern of concern it is 

recommended that all infants are weighed at 4 months.  This would 

allow the Health Visiting teams t he opportunity to assess early 

childhood overweight risk based on growth trajectory.  The study also 

identifies that further research is needed to facilitate communication 

between Health Visitors and parents with regard to preventing rapid 

infant weight ga in and a checklist grounded in the parental beliefs of 

caring for infants at risk of early childhood overweight needs to be 

developed.   

Conclusions  

Macrosomia and rapid weight gain prevalence rates are high in this 

representative birth cohort.  For infants who are born big, and/or 

grow rapidly their parents report behaviours that will maintain this 

situation.  Whilst responsive feeding interventions h ave shown 

promise in mitigating rapid infant growth, there is a need to facilitate 
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communication between Health Visitors and parents on preventing 

rapid infant weight gain, for these interventions to become effective.  
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1  CHAPTER ONE  

Early childhood obesity ï exploring the impact of 

environmental and social factors and parental beliefs of 

caring for infants with known obesity risk factors .  

1.1  Introduction  

ñThe prevalence of obesity in infants, children and adolescents is 

rising around the world and many children who are not yet obese 

are overweight and on the pathway to obesityò ([ 1] pg6).   

Worldwide obesity rates are increasing from less than 1% in 1975 

(equivalent to five million girls and six millio n boys), to nearly 6% 

in girls (50 million) and nearly 8% in boys (74 million) in 2016.  

Combined , the number of five to nineteen -year olds classified as 

obese rose more than tenfold globally, from 11 million in 1975 to 

124 million in 2016.  In addition, 213 million children and 

adolescents were overweight in 2016  but fell below the threshold 

for obesity [ 2] .   Whil st in high - income countries childhood obesity 

rates appear to be plateauing albeit , at very high rates , they 

continue to rise rapidly in other countries [ 3] .  For overweight and 

obese children the associated morbidities are extensive and include 

hypertension, hyperinsulinaemia, dyslipidaemia, type 2 diabetes, 

psychosocial problems , and the exacerbation of existing conditions 

such as asthma [ 4] .  The impact of overweight and obese 
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individuals places a significant burden on NHS resources and is 

predicted to cost the NHS £9.7 billion per annum by 2050 [ 5] . 

It is recognised that there is a public h ealth need to prevent excess 

weight gain in preschool children as overweight/obese children 

tend to become overweight/obese adults [ 6] .  There is evidence 

that factor s which increase the risk of child obesity such as rapid 

weight gain are identifiable in the first year of life [ 7, 8] .  This 

suggests the potential of early prevention interventions that target 

rapid weight gain may be effective in reducing the risk of child 

obesity.  

Although genetic factors do contribute to child obesity risk, the 

ten fold increase in rates of child obesity globally over the past four 

decades [ 3]  supports the importance of environmental and 

behavioural factors [ 9] .  For example, a recent systema tic review 

describing the cross -sectional association between adi posity and 

socioeconomic status  found that in over half of the studies 

conducted over the past fifteen years ( 10 / 18 ) incorporati ng children 

aged 5 -11, that lower social class was associated with higher BMI 

[ 10 ] .  This is in contrast to an earlier review which found that lower 

social class was associated  with  underweight and not overweight 

[ 11 ] .  The association between obesity and socioeconomic 

deprivation has not been explored in young infants, perhaps in part 

because of the lack of agreed criteria for measuring and  classifying 
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overweight and obesity in infants.  There is no evidence that the 

educational level of a mother at birth is an independent risk factor 

for child obesity and the evidence for socioeconomic status and 

later child obesity is mixed [ 12 ] .  However , Weng et al  (2013) 

found that lower household income at birth was associate d with 

higher risk of child obesity in unadjusted analyses but this 

relationship disappeared once other risk factors such as maternal 

obesity had been controlled for [ 13 ] .  There is thorough evidence 

that obese children living in social deprivation are more likely to 

remain obese into adulthood compared to more economically 

advantaged children with obesity [ 14 ] .  In order to avoid such 

inequalities , it is important to consider ways of intervenin g early 

before pattern s of over nutrition and inactivity have been 

established.  There are a number of early markers for obesity risk 

in childhood such as maternal obesity, paternal obesity, smoking in 

pregnancy, no breastfeeding, high birthweight , and rapid infant 

weight gain [ 13 ] .  Early screening for such risk factors may assist 

health professionals such as Midwives and Health Visitors to target 

prevention strategies and help parents to make more informed 

choices about feeding practices.  Weng et al  (2013) identified 

early - life r isk factors which increased the odds of childhood 

overweight at age three in developing a risk score  algorithm aimed 

to identify at - risk infants.  Rapid weight gain in the first year was 

the strongest predictor in this study, increasing the risk of 
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overwei ght more than fourfold [ 13 ] .  High infant birthweight 

(Ó3.81kg) also increased risk compared to infants in the lowest 

weight q uinti le (OR 1.63 (95%CI 1.33 -1.95 ).  Repeating the 

analysis in a more economically advantaged sample (ALSPAC) 

found that rapid weight gain in the first four months of life and high 

birthweight were associated with increased risk of overweight at 5 

years [ 15 ] . 

Whilst there is compelling evidence that high birthweight and rapid 

weight gain increase the risk of overweight a nd obesity in early 

childhood, f ew studies have explored the interplay between infant 

factors such as high birt hweight and rapid weight gain and 

economic deprivation in determining child obesity risk.  

This introduction will explore the importance of early obesity 

prevention and the role of the evidence that lower socioeconomic  

status is associated with an increased risk of obesity in early 

childhood.  As there is currently a lack of agreed criteria for 

measuring and classifying overweight and obesity in infants it will 

also consider the most appropriate measurement and classifi cation 

of early childhood overweight and obesity.  

1.2  Rates of Childhood Overweight/Obesity  

Increasing rates of childhood overweight and obesity are a global 

problem and  steadily affecting many low and middle income 

countries.  The worldwide prevalence of childhood overweight and 
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obesity in the under - fives has increased from 4.2% (95% CI: 

3.2%, 5.2%) in 1990 to 6.7% (95% CI: 7.3%, 10.9%) in 2010 and 

this trend is expected to reach 9.1% (95% CI: 7.3%, 10.9%) in 

2020 [ 16 ] .  The World Health Organisation (WHO) report that 

almost half of all overweight children under five live in Asia and 

one quarter live in Africa [ 17 ] .  In developed countries , there has 

been a rapid increase in childhood overweight/obesit y since the 

1970ôs.  Whilst the increase over recent years has slowed, the 

rates remain high.  Pre valence of obesity from a state -wide United 

States study identified that in 2011 12.1% White and 11.5% Black 

low - income preschool children (birth to four year s) were obese.  

For the United Kingdom, Health  Survey 2012 -2013 data report 

overweight (including obesity) rates for children aged 2 -15 years 

as: England 29%; Scotland 29%; Wales 34% and Northern Ireland 

25% (age 2 -10 years) [ 18 ] .  The latest National Child 

Measurement Programme (NCMP) 2014 -2015 within England 

identifies that of children in Reception (age 4 -5 years) 9.1% were 

obese and an add itional 12.8% were overweight [ 19 ] .  

1.3  Macrosomia  

Macrosomia is a term to describe a high birthweight.  The current 

UK definition of foetal macrosomia is a birthweight of equal to or 

great er than 4000g, which approximates to the 90 th  weight centile 

at 40 weeks gestation [ 20 ] .  This is consistent with the definition of 

a ñlarge for gestational ageò which is used to describe a foetus 
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growing above the 90 th  centile [ 21 ] .  Based on this definition the 

prevalence of macrosomia in England and Wales is increasing.  

Data for England and Wales reports that 8.63% of infants weighed 

Ó4kg at birth in 1983 rising to 9.03% in 1989 [ 22 ] . Current data 

fro m the Office for National Statistics (ONS) reports 10.7% of live 

births weighed Ó4kg in 2016 [ 23 ] . 

Numerous studies have sought to establish risk factors for 

overweight/obesity in preschool children (< 5 years of age) and 

have found a strong positive association between macrosomia and 

later overweight status.   A prospective nationally representative 

study conducted England, Scotland, Wales and Northern Ireland 

(The Millennium Cohort study) fo und that for every one unit 

increase in birthweight Z score the odds of being overweight 

(classified as >90 th  percentile IOTF cut off [footnote 1] ) at age three 

years increased by 1.36 (95%  CI 1.30 -1.43).  Prevalence rates of 

macrosomia were not reported.  The study found some differences 

by socioeco nomic status in adjusted analyse s, but after adjusting 

for individ ual, family, community and area - level factors only lone 

parenthood was significant in the final model (OR 1.32 , 95 %  CI 

1.15 -1.51) [ 24 ] .   

                                                           
1 International Obesity Taskforce (IOTF 1999) extrapolates BMI centiles for children with adult 

overweight and obesity classification cut offs.  Child cut off overweight 90-97
th
 percentile.  Child cut off 

obesity > 97
th

 percentile. 
Centre for Disease Control (CDC 2000) USA.  Child cut off overweight > 85

th
 percentile.  Child cut off 

obesity > 95
th

 percentile. 
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A further study that presented continuous exposures of birth 

weight utilised an observational prospective cohort design.  

Conducted in Mexico the study found that for every 1 unit increase 

in birth BMI Z score adjusted for gestational age, child sex, 

maternal factors (BMI, height and age) , and family socioeconomic 

status that the odds of being overweight (classified as Ó95th  

percentile CDC cut off ) between 4 and 6 years of age were 7.62 

(95 %  CI 2.73 ï 21.3).  Macrosomia prevalence rates were not 

reported [ 25 ] . 

Several studies have presented their results in terms of birthweight 

categories.  Data from the Quebec Longitudinal Study of Child 

Development report an overall cohort prevalence of macrosomic 

infants was reported as 1 0.7% [ 26 ] .  Low socioeconomic status 

classified by household incom e was an independent risk factor for 

overweight age 4.5year s; OR=2.0 (95% CI 1.1 -3.6 ), adjusting for 

gestational age and birthweight the risk increas es to 2.5 (95% CI 

1.3 -4.8 ) [ 26 ] . 

Data collected for the German Kiel Obesity Prevention S tudy 

(KOPS) report an overall cohort prevalence obesity rate of 4% 

classified as a BMI Ó95th  percentile aged 4.5 years [ 27 ] .  From the 

sample, 15.7% of participants had a bir thweight gr eater than  4kg.  

Obesity at age 5 -7 years stratified by socioeconomic status (SES) 

category identified that 45.2% of children lived in a low SES 
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household.  Multivariate logistic regression analysis identifies for 

boys a low SES is an independent risk fact or for obesity aged 5 -7 

year s (OR=9.3, 95% CI 1.6 -51.9 ) but not high birthweight.  For 

girls ,  high birthweight is an independent risk factor for obesi ty 

(OR=3.2 95% CI 1.3 -7.3 ) and low SES a risk factor for overwei ght 

(OR=2.1 95% 1.1 -4.2 ).  The level of significance was set at less 

than 0.05.  The study data were a cross -sectional sub sample 

(53%) from the main KOPS study and as such this design could 

limit the generalisability of the results.  

A cross -sectional study conducted in Germany reported an obesity 

prevalence rate of 4.3% aged 5 -7 years classified as a BMI >97 th  

percentile [ 28 ] .  For the cohort , the prevalence of birthweights 

greater than 4000g was 9.47%.  Compared with the low weight 

category (<2500g) birthweights greater than 4000g are reported 

to b e an independent risk factor for obesity at age 5 -7 years; (OR=  

2.93, 95% CI 2.43 -3.47 ).  High SES classified by parental 

education level reduced the risk of obesity at 5 -7 years by 40% 

(OR=0.63 95%CI 0.57 -0.69 ), compared to low SES.  Although 

ethnicity wa s not assessed in the study, nationality was included as 

a dichotomous variable, classified as German national or Non -

German national.  The risk of obesity for a Non -German national 

child is reported as OR =1.68 (95% CI 1.52 -1.84 ), suggesting 

different heal th behaviours between the two classifications of 

citizen status.  
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A Swedish population -based, cross -sectional study reports an 

obesity rate of 3% for children aged 4 years classified by iso -BMI 

cut offs; 19.29 (boys) and 19.15 (girls) [ 29 ] .  Prevalence rates for 

macrosomia were not reported.  The risk of obesity for children 

with birthweights over 40 00g was reported to be OR=1.91 ( 95%CI 

1.43 -2.55) adjusted for gender  and age.  The level of significance 

was not reported.  The prevalence of child obesity at age four was 

found to be greater in children with either a mother or a father with 

low educational attainment.  For mothers , 19.9% of children were 

obese compared wi th 13.2% in the normal weight cohort.  For 

fathers , 22.1% of children were obese compared to 14.3% of the 

normal weight children.  Both results were statistically significant  

following adjustment for age and gender.  

From the reviewed literature the range of macrosomia prevalence 

was 9.5 to 15.7%.  In England and Wales, there were 697,852 live 

births recorded in 2015 (ONS Births in England and Wales 2015  

[ 23 ] ), of these I estimate that 66,295 to 110,000 infants could be 

macrosomic with an increased risk of obesity by statutory school 

age.  

The triggers for increased foetal growth are both genetic and 

environmental.  Genetic factors include foetal gender and ethnicity 

[ 21 ] .  Foetal genotype has been estimated to account for 20% of 

human birth weight variations with the male genotype associated 
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with an increased birthweight with males averaging 150 -200g more 

than females at term [ 30 ] .  Male gender has been associated with 

an O R=1.6 ( 95% CI 1.45 -1.81 ) increased ri sk of macrosomia [ 31 ] .  

There are wide disparities in the prevalence of macros omia by 

ethnicity.  Data from 35 0,311 singleton pregnancies collected 

between 1988 and 1997 in the UK reported a 10.4% (n=36,462) 

prevalence rate of macrosomic births.  White infants had the 

highest rate of macrosomia at 85.1%, Asian infants represented 

4.7% and Black infants 3.9% of the  macrosomic infants. [ 20 ] .  

Macrosomia rates by maternal ethnicity for the UK ñBorn in 

Bradfordò prospective birth cohort study recruited 8,478 mothers 

carrying a singleton pregnancy during the period March 2007 to 

December 2010 [ 32 ] .  The macrosomia rate for the whole cohort 

was reported at 7.7% (n=655) of which 4.1% of Asian infants were 

reported to be mac rosomic compared to 11.9% of White infants.  

However, the umbrella term Asian represents a vast and diverse 

portion of the worldôs population [ 33 ] .  Diversi ty in the Asian 

population is based on ethnic and cultural subgroups, social and 

economic condition, degrees of urbanisation and nutritional 

transitions.  One commonality of the Asian population is that in 

general, the mean or median BMI is lower than that  observed for 

non -Asian populations.  BMI for Asian women (excluding Chinese) 

is lower than that for white women.  Evidence from a World Health 

Organisation (WHO) expert consultation on appropriate BMI for 
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Asian populations, identifies that on combining al l Asian groups for 

females, BMI is 1.3 kg/m 2 (+/ -  0.1) lower [ 33 ] .  However despite 

the lower BMI in Asian populations, WHO recommend continuing 

with the cu rrent WHO cut off points for identifying both under and 

over nutrition [ 33 ] .  No BMI adjustment for Asian ethnicity has 

been included in this thesis.  

Mean birthweights for Black infants are reported to be lower than 

White infants [ 34 ] .  Results from a secondary analysis of NHS data 

for England and Wales (2005 -2006) classified high birthweight as 

Ó4.5kg reported that only 1.3% of Black African and 0.9% Black 

Caribbean infants had a high birth weight compared with 2% for 

White British infants [ 34 ] .  

Environmental risk factors for foetal macrosomia include 

gestation al age and maternal diabetes including both pre -

gestational and gestational  [ 21 ] .  Prolonged pregnancies (>41 

weeks) are also associated with an increased prevalence  of 

macrosomia (2.5 -10% in po st - term versus 0.8 -1.0% at term)  [ 35 ] .   

Maternal diabetes is a major risk factor associated with macrosomic 

infants as the effect of diabetes on the intrauterine envir onment 

directly influences foetal growth.  The placental function is a major 

determinant of foetal growth.  In principle, maternal nutrients and 

other factors including insulin - like growth factors (IGFs) and leptin 

enter the foetal circulation directly wit hout any interference from 
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the placental tissues.  Placental weight tends to be heavier in 

diabetic mothers.  Intrauterine exposure to mild hyperglycaemia is 

associated with macrosomia.  In contrast, foetal exposure to 

severely hyperglycaemic environments is associated with 

microsomia [ 36 ] .  Insulin - like growth factors (IGFs) have been 

implicated as regulators of foetal growth.  In diabetic mothers, 

foetal growth may be promoted by the diabetes -associated 

increase in maternal concentrations of IGFs [ 36 ] .  Maternal and 

foetal hyperleptinemia is associated with maternal diabetes and 

leptin levels correlate with adiposity.  During pregnancy, maternal 

leptin concentration rises by 30% and the placenta is the primary 

foetal leptin source [ 36 ] .  The hormo ne leptin is a mediator of 

long - term regulation of energy and food intake and therefore, high 

leptin levels should be associated with the prevention of obesity 

[ 37 ] .  However, leptin resistance has been suggested as a 

mechanism in obesity.  It is speculated that over -nutrition in 

pregnancy results in a n increase in circulating leptin levels, 

resulting in a damaging effect on the hypothalamus which results 

in a lower sensitivity to circulating leptin levels [ 38 ] .  This leads to 

a sustained increase in leptin levels [ 37 ] .  In humans, leptin 

resistance has been shown to develop because of overeating [ 39 ] .   

The strongest independent risk factor for macrosomia is maternal 

obesity which is likely to have both a genetic and environmental 

component and includes both  pre -existing and excessive 
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gestational weight gain [ 21 , 40 ] .  Approximately 50% of women of 

childbearing  age (16 -44 years) in England are either overweight or 

obese, and the prevalence of obesity in women of this age group is 

rising from 12% in 1993 to over 19% in 2013 [ 41 ] .  Direct 

compariso ns of obese and non -obese mothers and  birth outcomes 

identify a dose -depende nt relationship between maternal  obesity 

and foetal macrosomia [ 42 ] .  Data from two studies published 

seven years apart report increasing prevalence rates of 

macrosomia for both obese women (BMI 30kgm 2) at 13.8% (2007) 

[ 40 ]  and 15.8% (2014) [ 43 ]  and morbidly obese women (<40 

kgm 2) 14.6% (2014) compared with 8.3% (2007) for normal 

weight and 9.3% (2014) for underweight/normal weight mothers.  

The risk of developing gestational diabetes mellitus (GDM) is 

posit ively associated with obesity in pregnancy, with one study 

reporting the risk of developing GDM in obese women (>30 kgm 2) 

as OR=2.6 and OR=4.0 for morbidly obese (>40 kgm 2) [ 44 ] .  The 

contribution of overweight/obesity and diabetes on macrosomia 

has been investigated.  A North American study collected data 

between 1997 -2001 to determine the relative contribution of 

obesi ty and diabetes on the prevalence of macrosomia [ 31 ] .  Infant 

macrosomia was defined as a birthweight greater  than the 90 th  

percentile for gestational age.  The study included complete data 

for 12,950 deliveries of which 23% of women were classified as 

obese with a BMI >30 kgm 2.  For the obese women , pre -
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gestational diabetes rates were reported at 2.4%.  The risk  of 

macrosomia in women classified as obese (BMI >30 kgm 2) was 

reported as OR=1.72 [95% CI 1.57 -1.97] compared to normal 

weight women.  For the study population , the risk of a delivering 

macrosomic infant in pre -pregnancy diabetic women was OR=4.8 

[95% CI 3.29 -6.86] compared to normal weight women.  The 

study population had an overall macrosomia rate of 11.8%.  The 

population -attributable risks of macrosomia caused by obesity, 

overweight, and pre -pregnancy diabetes were reported at 1.3%, 

0.5%, and 0.4%, res pectively .  Whilst the population -attributable 

risks reported are very small the study utilised data collected 

between 1997 -2001.  Since that time maternal obesity rates have 

risen.  The Special Supplemental Nutritional  Program for Women, 

Infants and Chil dren (WIC) a federal assistance programme of 

health  care and nutrition for low income pregnant, breastfeeding 

women and children under the age of five in North America, reports 

that obesity levels in women participating in the WIC programme 

has increased f rom 19.2% in 1994 to almost 36% in 2014 [ 45 ] .  

Given  the trend for maternal obesity is expected to continue to 

rise, it follows that these population attributable risks will also rise.  

Maternal obesity and socioeconomic deprivation are strongly 

linked, with the risk increasing with greater levels of deprivation 

[ 46 -48 ] .  A retrospective study of first - trimester obesity classified 

socioeconomic status by IMD rank (2007). The prevalence of obese 
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women included in the study rose from 7.55% in 1989 to 13.14% 

in 2007, reflecting the increase reported by the Health Survey for 

England (2013) [ 41 ] .  Socioeconomic status was classified by 

quintiles, with the risk of maternal obesity for the most deprived 

quintile (Quintile 1) compar ed to the least de prived quintile 

(Quintile 5)  reported as 0R=2.20 (95% CI 2.13 -2.28) [ 49 ] .  A later 

UK national cohort study of pregnant women with a BMI Ó35kgm2, 

classified deprivation by IMD score, the results from this study 

identifies that the most deprived quintiles were overrepresented by 

the obese cohort compared to all maternities in the general 

population  [ 50 ] . 

In summary , it has been shown that rates of macrosomia are 

rising.  This increase may be directly influenced by the rise of 

maternal obesity rates.  The relationship between maternal obesity 

and deprivation is clear, with the rate of maternal  obesity 

increasing with greater levels of deprivation.  Maternal and 

neonatal obesity might represent a vicious cycle whereby obese 

mothers have obese infants who in turn give birth to obese 

generations to come [ 51 ] .  It is therefore very important to 

investigate early - life determinants of obesity, in particular ,  the 

relationship between macrosomia and social deprivation in order to 

target interventions that would provide an optimum foetal growth 

environment and modulate childhood obesity rates.  
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1.4  Rapid Inf ant Weight Gain  

Rapid infant weight gain (RWG) is a growth pattern of concern that 

could be used to identify children at increased risk for later obesity.  

Although there are variations in the classification of infant RWG, 

the most common and recommended definition of RWG  is an 

increase of >0.67 in gender -specific weight for age z score within a 

specific time period representing significant weight gain coincident 

with crossing one major percentile line on a growth chart [ 52 ] .  

There is compelling evidence that rapid infant weight gain is 

associated with overweight and obesity in childhood [ 53 ] .  

Moreover, rapid infant weight gain has a strong association with 

overweight over an individualôs lifespan [ 54 ] .   

Rapid infant weight gain has been shown to be associated with the 

risk of being overweight/ obese in adolescence.  Results from the 

SWEDES longitudinal study examined the independent association 

between weight gain in infancy and early childhood with metab olic 

syndrome in young adults aged 17.  Although the association 

between RWG and overweight/obesity at age 17 is not reported, 

RWG was shown to predict adiposity measured by waist 

circumference (Ǧ 0.29 [95%CI 0.09,0.49]) [ 55 ] .  

Further evidence on the association between early RWG and ri sk of 

overweight/obesity at adolescence comes from a Greek 

epidemiological study designed to record the prevalence of 
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overweight/obesity in adolescents.  Rapid weight gain was defined 

as +1 SD weight change between birth and six months of age.  

From this s tudy , rapid weight gain infants were significantly more 

likely to be obese adolescents OR= 1.46 (1.10,1.90) [ 56 ] . 

Rapid infant weight gain has been suggested to be a risk factor for 

adult  obesity.  Two studies have found an association between 

RWG in the first six months of life and overweight/obesity in 

adulthood [ 8, 57 ] .  Data on a birth cohort of African American 

children w ere  interrogated to investigate whether RWG between 

birth and four months was associated with obesity in adulthood 

(age 20 years).  The risk of being obese as an adult in the children 

that had undergone RWG was reported as OR= 4.29 (95% CI 1.32 -  

18.3 ).  This study has limitations, the children who participated 

were born between 1959 and 1966 prior to the substantial rise in 

obesity rates, and hence the prevalence of overweight/obese at 

adulthood from this study is 9.3%.  Therefore it is difficult to know 

wheth er the results would be reproducible with children growing up 

today. [ 8] .  

A retrospective study of Japanese female adults aimed to ascertain 

whether RWG was associated with indices of obesity in adulthood 

(age 18 -21 years).  Infant weight gain was assessed by weight 

change Z score between birth and three months.  The results wer e 

presented as correlations between weight change Z score and 
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indices of obesity including BMI and body fat percentage (BFP).  

The participants current BFP was found to be significantly 

correlated with weight change between birth and 3 months of age 

(r=0.2 6, p=0.034).  This study has a number of limitations.  Firstly 

the sampl e size is relatively small n=86  and was recruited from a 

single site, therefore, generalisations to the whole Japanese 

population should be made with caution.  The authors also state 

that they compared statistically many variables so the significance 

may be due to type 1 errors [ 57 ] . 

One birth cohort study has tracked the association between early 

rapid infant weight gain between birth and four months and obesity 

status at three developmental periods: childhood (age 5); 

adolescence (age 9 -14) and adulthood (age 18 -20) [ 58 ] .  Rapid 

weight gain was defined as the upper tertile of monthly weight  gain 

(gain of Ó916g or 2lb per month).  This study reports the relative 

risk for obesity at each developmental period adjusted for maternal 

marital status; health insurance and infant gender.  Childhood 

obesity defined as BMI > 85 th  percentile  was predict ed by rapid 

weight gain (RR =2.2 [95% CI 1.26, 3.73 ]).  At adolescence , the 

risk of obesity was lower at  1.87 (95% CI 1.24, 2.83 ) and 

adulthood  1.71 (95% CI 1.00, 2.92 ).  

Although there is a strong relationship between childhood obesity 

and low socioeconomic status (SES) [ 59 ] , there is limited evidence 
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to establish the relationship between socioeconomic st atus and 

rapid weight gain in infancy.  A United Kingdom study used 

longitudinal weight data from 2402 families enrolled on the 

ñGeminiò twin cohort study, to examine the socioeconomic status 

differences in infant weight gain during the first three months of 

life.  Socioeconomic status was indexed by using the National 

Statistics Socioeconomic Class (NS -SEC) index.  The highest 

household occupation was documented. To confirm the NS -SEC the 

highest maternal educational qualification was recorded [ 60 ] .  

Infant birth weight  and subsequent weight recordings were 

obtained from the childôs personal health record.  Infant weight at 

birth and three months (obtained between 2 -4 months) was 

converted to standard deviation scores.  Rapid weight gain was 

defined as a change in standa rd deviation scores from birth to 

three months of >0.67.  The results of this study identified that 

infants from lower socioeconomic status families had a 36% (95% 

CI 7% -  72%) higher chance of rapid weight gain.  However, there 

were no socioeconomic statu s differences in birth weight.  From the 

potential explanatory variables, the results show that infants of 

overweight or obese mothers had a higher birth weight standard 

deviation score than infants of normal weight mothers.  The 

limitation of this study i s the use of the twin birth cohort as the 

birth weights are lower (mean 2.46kg) than the 1990 singleton 

reference population (mean 3.5kg) [ 61 ] .  It is difficult to ascertain 
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whether the growth patterns observed between birth and age 2 ï 4 

months is due to rapid weight gain or the more favourable outcome 

ï cat ch up growth [ 62 ] .  Irrespective of gestational age rapid 

weight gain has a strong association with later overweight, 

however as the Z-score scale is linear, accurate calculation of 

weight for gestation age Z score is required in order to compare 

rapid weight gain in infan ts.  

Further evidence on the association between SES and increased 

weight gain in infancy was reported by the Amsterdam Born 

Children and their Development st udy team.  Following a study 

that sought to examine the relationship between maternal 

education as an indicator for socioeconomic status and growth 

velocity in the first year of life, linear regression analyses showed 

that children with low educated mothers have increased weight 

gain in the first year of life ( ȁ 0.12; 95% CI 0.08-0.45) compared 

to child ren with high ly  educated mothers [ 63 ] .   

Socioeconomic status  (SES) is a composite measure of an 

individualôs economic and sociological standing [ 64 ] .  Most 

individual - level indicators used in health research measure some 

type of individual resource or asset [ 65 ]  including income, 

education, and occupation.  For women , education is considered 

one of the best socioeconomic status indicators because they are 
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socially disadvan taged for income and occupational prestige 

measures [ 66 ] . 

Dubois et al  (2006) in a Canadian study examined the early 

determinants of overweight at 4.5 years utilising a population -

based longitudinal study.  Monthly weight gain was categorised by 

quintiles, with quintile 5 representing the highest total weight gain 

between bi rth and five months.  In unadjusted analyses mothersô 

educational level did not reach significance, therefore SES was 

categorised according to to tal household income at 4.5 years.  

Adjusting for gestational age, birthweight, maternal smoking, 

number of ove rweight/obese parents at age 18 months and 

household income at 4.5 years, identified that for those children 

who had the highest weight gain the odds of being overweight at 

age 4.5 years was 3.9 (95% CI 1.9 -7.9).  The odds of being  

overweight at age 4.5 in  a low -income household (Ò$20,000) were 

reported as 2.5 (95% CI 1.3 -4.8).  The outcome measure for 

ñoverweightò at age 4.5 years was defined as Ó95th  percentile of 

the CDC growth chart, which is a classification for obese.  

Therefore the odds ratios calculated for this study are based on an 

obese classification at age 4.5 years, which may account for the 

low obesity prevalence rate reported at 8.5% [ 26 ] . 

Whilst the three studies summarised above show a positive 

assoc iation between SES and rapid weight gain, the following 
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studies find little or no effect.  Stettler et al  (2002) through a 

prospective North American cohort study, sought to determine 

whether a rapid rate of weight gain in the first few months of life 

was associated with overweight status at ag e seven.  The 

unadjusted analysis  between rapid rate of weight gain (100g per 

month between birth and four months) and overweight status at 

age 7 was  1.29 (95% CI 1.25,1.33).  Which means for every  100g 

increase in weight between  birth and four months the risk for 

overweight status at age seven was increased by 29% (95% 

CI:23% -33%).  However, adjusting for potential confounding 

variables including maternal education in years completed the odds 

of be ing overweight at age 7 increased to 1.38 (95% CI 

1.32,1.44).  For higher material education the risk of overweight at 

age 7 was reported at 0.93 (95% CI 0.90, 0.97).  Although a major 

strength of this research is that the weight data were collected 

prospe ctively, the sample of children was not fully representative 

of the entire US population [ 67 ] .  

An observational study conducted in Hong Kong examined  growth 

rate (change in the sex -specific weight for age z  score) between 0 -

3 months and 3 -12 months on the risk of elevated BMI at age 

seven.  Accelerated growth was defined as a change greater than 

0.67 in weight z score.  The whole cohort prevalence of overweight 

including obesity at age seven was 15.3%.  For those infants that 

grew rapidly in the first three months of life the prevalence of 



23 
 

overweight/obesity was 18.7% compared with 11.9% for the 

infants w ith the slowest growth .  However, highest parental 

education attainment had no effect on growth rate betwe en birth 

and three months or three to twelve months and may be reflective 

of the rapid economic growth experienced in Hong Kong at that 

time [ 68 ] .  

Project Viva, a prospective cohort study examined the association 

between weight for length at birth and six months with obesity at 

age three categorised as a BMI Ó95th  percentile.  Change in weight 

for length z scor es from birth to six months was  categorised into 

quartiles with quartile 4 representing those infants with the highest 

change.  Multivariate analysis adjusted for birth weight for length z 

scores and confounding variables including; childôs age, gender and 

ethnicity, maternal age, education, income, parity, plus gestational 

weight  gain, maternal smoking and pre -pregnancy BMI and 

paternal BMI.  The study identifi ed that for each increment in 6 -

month weight for length z score was associated with higher BMI z 

scores at aged three years with an increased risk of obesity (OR: 

6.84 [95% CI: 3.84 ï 12.19]).  Although a number of factors were 

included in the analysis, the authors acknowledge that although the 

study participants had diverse ethnic backgrounds, their 

educational and income  levels were relatively high and therefore, 

the results may not be generalizable to more socio -economic 

disadvantaged populations [ 69 ] .  



24 
 

Other socio -demographic factors including gender and gestation 

and have been shown to be associated with RWG .  Boys have been 

recognised to gain weight more rapidly than girls [ 70 ] .  Enrolment 

data fro m the NOURISH randomised controlled trial identified 

gender differences in rapid weight gain defined as an increase in 

weight for age z -score from birth to the assessment point at 4 -7 

months, above 0.67 SD.  Males were shown to be more likely to 

undergo ra pid weight gain relative to females AO R 1.8 (95% CI 

1.10 -2.97 ) [ 54 ] . 

The association between gestation and RWG has been shown to 

differ according to gestational age category in a prospective birt h 

cohort study [ 71 ] .  The infants were classified as early preterm 

<34 weeks; late preterm 34 -36 weeks; early term 37 -38 weeks 

and term Ó39 weeks.  Rapid infant weight gain was defined as a 

change in weight gain z -score between 0.67 to 1.28 from birth to 

four months.  For the preterm categories , the percentage of rapid 

weight infants were high reported as 87.8% early preterm and 

67.7% preterm.  For the gestational age categories , those infants 

born pre term (37 -38 we eks) were shown to have a higher 

proportion of RWG in the first four months than those at born at 

full term 39.9% v 23.8% .  Rapid weight gain (weight gain  z-score 

between 0.67 and 1.28)  in the first four months of life increases 

the risk of overweight/obes ity at age 2 -7 years by about 50% 

regardless of gestational category.  
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Low birthweight was defined in 1950 by the World Health 

Organisation (WHO) as a birth weight less than 2,500g, 

irrespective of gestation [ 72 ] .   All low birth weight infants have the 

potential to undergo catch up growth.  Catch up growth may be 

due to less than favourable intra uterine conditions and may 

represent a major adaptive mechanism with associated increased 

risk for independent risk fact ors including metabolic and 

cardiovascular disease in adulthood [ 73 -75 ] .  The causal 

relationship between intrauterine growth retardation and the 

origins of disease in adulthood is often referred to as the ñBarker 

hypothesisò which states that adverse influences early in 

development , particularly during intrauterine life , can result in 

permanent changes in physiological and metabolism which result in 

an increased disease risk in adulthood [ 76 ] .   

The Dutch famine studies have clearly illustrated the relationship 

between foetal growth restriction and the risk of obesity later in life 

[ 77 ] .  Comparing two periods of severe famine during the Second 

World War exposes differences in obesity and cardiovascular 

disease in adulthood.  The Dutch Hunger Winter occurred for a 

relatively short period of time (Winter and Spring 1944) following 

which normal diet resume d.  In contrast , the siege of Leningrad 

lasted for 2.5 years.  In both cases , pregnant women were exposed 

to severe famine.  The Dutch Hunger Winter infants exposed to 

famine during early gestation experienced elevated rates of 
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obesity, altered lipid profi les, and cardiovascular disease .  In 

contrast, for the Leningrad mothers and infants, food shortage 

continued and those infants exposed to famine in utero and early 

infancy did not exhibit higher rates of obesity and cardiovascular 

disease in adulthood [ 78 ] .  It is hypothesized that foetal adaptions 

to undernourishment may become maladaptive resulting in catch 

up growth only when the affected individuals are later exposed to 

an obesogenic environment [ 78 , 79 ] .  However, catch up growth 

may also simply reflect a sta tistical regression towards the mean 

[ 80 ] . 

Early life feeding is likely to have consequences for rapid infant 

weight gain.  Infants who are breastfed undergo faster growth in 

the first month of life, followed by slower growth ov er the following 

eighteen months [ 81 ] .  It is suggested that breastfeeding may 

protect against rapid infant weight gain due to better appetite 

control and lower protein intake compared to infants who are 

artificially fed [ 82 ] .  The effect on appetite control has mainly been 

attributed to the composition of breastmilk, particularly the 

presence of the appetite control hormone leptin [ 83 ] .  Leptin is 

considered to be central to appetite regulation and ene rgy balance 

in infants [ 84 ] .  Direct comparisons of early infant growth in breast 

and formula fed infants were examined in an Italian study [ 85 ] .  

Infants born at term (37 -42 weeks) with a birthweight greater than 

2.5kg  were recruited to the study (n=138).  Breastfed infants were 
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predominately breastfed for at least four months.  The results 

identify differences in the  mean change in weight for age z -scores 

from birth to twelve months for infants breastfed for 12 months -

0.82 (Standard error of mean SEM 0.31); breastfed for 4 mont hs -

0.19 (SEM 0.15) and formula - fed 0.37 (SEM 0.13).  

The method of feeding may also be a risk factor for rapid weight 

gain.  A study of bottle - feeding and the risk for rapid weight gain in 

the fi rst year of life, identified that bottle feeding of either artificial 

milk or expressed breastmilk was found to increase monthly weight 

gain by 71g (artificial milk p<0.001) or 89g (expressed breast 

milk) per month compared with exclusively breastfed infan ts [ 86 ] .  

Bovine milk is the basis for most infant formula.  However, bovine 

milk  contains higher levels of fat, minerals , and protein compared 

to human breast milk [ 87 ] .  A high protein intake is a risk factor for 

later obesity [ 88 ] .  In a randomised double -blind study either a 

lower protein or control formula was introduce d to infants of 

women whose pre -pregnancy weight was categorised as 

overweight (BMI > 25kgm 2) on cessation of breastfeeding.  T he 

primary study period was between three and six months.  The 

results showed that infants fed the lower protein formula gained 

less weight  ( -1.77 g/day p=0.024) than the control f ormula.  For 

infants in the sub -group whose mothersô pre-pregnant weight was  

categorised as obese (>30kgm 2) the weight gain difference 
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between the study and control formulas was - 4.21 g/day 

(p=0.017) [ 89 ] . 

In addition to the composition of infant milk feeds, parental feeding 

practices have also been shown to be associated with RWG.  

Feeding styles that encourage rapid sucking and larger frequent 

feeds have been associated with a higher caloric intake and gre ater 

adiposity at age three years [ 90 ] .  The i nterim analysis from an 

ongoing longitudinal study of factor s contributing to growth in 

healthy, term African American infants identified a weak positive 

linear relationship between infant feeding style at one month and 

weight gain at four months [ 91 ] .  From the cohort (n=53), infa nt 

feeding intensity was measured by the number of sucks in two 

minutes (NOS) and maximal sucking pressure (MSP).  Infants with 

a higher NOS at one month, had a higher weight at four months 

(r=0.36; p=0.022; n=41).  Additionally, a higher MSP at one 

month was positively associated with greater weight gain at four 

months (r=0.33; p=0.036; n=41).  A study on parental control in 

infant feeding has reported that parental concern that their child 

was underweight resulted in a ñpressuredò feeding style that 

encou raged frequent, larger bottle or breastfeeds (OR= 1.88 

95%CI 1.29 -2.75) [ 92 ] .  Infant feeding behaviours, in particular , 

infant self - regulation of satiety , may be an important predictor of 

subsequent weight gain.  Infants who are artificially fed have an 

increased risk for overweig ht/obesity [ 93 , 94 ] .  Evidence from a 
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North American study examining the independent impact of infant 

initiated bottle emptying on th e infantsô risk for excess weight gain 

in late infancy identified that infants who often emptied their 

bottles were 69% more likely to gain excess weight by late infancy 

(OR=1.6; 95% CI 1.09 -2.63).  It has been suggested that 

artificially fed infants have an altered satiety response influenced in 

part by the differences in the protein composition in artificial milk 

compared with breast milk and a controlling parental feeding style 

[ 95 ] .  In infants, a birth cohort study identified that accelerated 

infant and childhood weight gain is associated with increased 

energy intake and diminished satiety response at age 5.  The 

increase in energy intake at age 5 was shown to be 3 times in 

those c hildren who had accelerated weight gain in infancy [ 96 ] . In 

studies of older children , those classified as obese have been found 

to show less responsiveness to internal satiety signals [ 97 , 98 ] . 

The evidence that early weaning i.e. between thre e and six months 

of age in high - income countries appears to have an effect on infant 

growth is mixed.  The Millennium Cohort  study found that infants 

introduced to solids before four months of age were 1.2 times 

(95% CI 1.02 -1.23) more likely to be overweight (classified as 

>90 th  percentile IOTF cut off) compared to infants introduced to 

solids after four months [ 24 ] .  Results from Project Viva a 

prospective pre -birth cohort study found that formula - fed infants 

given solids before four months were 6.3 times (95% CI 2.3 -16.9) 
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more likely to be overweight (c lassified as BMI Ó95th  percentile) at 

three years of age compared to infants introduced to solids 

between four and five months of age.  However, this relationship 

was not significant in breastfed infants [ 99 ] .  A systematic review 

of  the age of weaning and infant growth found that in high - income 

countries, weaning between 3 and 6 months appears to have a 

neutral effect on infant growth  [ 100 ] .  However, age at weaning 

was inversely assoc iated with BMI at birth (p=0.02) and at three 

months (p=0.01).  To formally test the possibility of reverse 

causality, rapid weight gain between birth and three months was 

categorised into < 0.67 SD or Ó 0.67 SD.  Infants exhibiting faster 

weight gain were  weaned earlier than those with slower or average 

weight gain (P trend = 0.01 adjusted f or age, sex birthweight, 

materna l age, parity and deprivation score).  This suggests that 

parents are using infant size as an indicator to commence weaning  

In summary rap id infant weight gain increases the risk of childhood 

obesity and beyond.  UK studies have identified that childhood 

obesity is disproportionately represented by disadvantaged children 

[ 101 ] .  Therefore, the explor ation of rapid infant weight gain as a 

proxy for obesity and the association with low socioeconomic status 

is essential in order to effectively target innovative obesity 

prevention strategies.  
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1.5  High Birthweight and Rapid Infant Weight Gain  

Both macrosomia and rapid infant weight gain are positively 

associated with an increased risk of obesity in childhood [ 102 ] .  

Therefore the continued exposure to an obesogenic environment 

that predisposes macrosomia may also have an effect on early 

infant growth patterns.  Two larg e studies that investigated early 

risk factors for childhood obesity expected that the effect of weight 

gain and the risk of obesity in childhood may differ by birthweight 

[ 67 , 103 ] .  In a North American prospective cohort study following 

stratified analysis for quintiles of birthweight in term infants (37 -42 

weeks) with quintiles of weight gain during the first four months of  

life on obesity at age seven no interaction was detected; test for 

heterogeneity p=0.5 [ 67 ] .  A further retrospective analy sis of early 

life data from Seychelles a country undergoing rapid economic and 

epidemiological transition, again found no interaction between 

stratified analysis for the quartiles of birthweight in term infants 

(37 -42 weeks) with quartiles of weight gain in the first year of life 

on overweight/obesity in schoolchildren; test for homogeneity 

p>0.1 [ 103 ] .  Each of these studies has limitations.  For the US 

study , the data were collected between 1959 and 1965, a decade 

before the major rise in childhood obesity.  The Seychelles study 

was conducted on a population experiencing new economic 

prosperity and as such had no areas of deprivation.  
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The combined effects of birth weight and rapid weight gain have 

however been associated with a higher BMI at age 7 [ 104 ] .  The 

large prospective Hong Kong 1997 birth cohort study investigated 

the association between birth weight, infant growth rate , and 

childhood adiposity.  T he main outcome measure was BMI Z score 

at about age 7 with overweight and obesity cut offs in accordance 

to the IOTF reference chart.  This study identifies that high birth 

weights in combination with rapid growth in the first three months 

of life are posi tively associated with a higher BMI at age 7 with an 

OR for boys 4.97 [95% CI 3.16 -7.83] and for girls 3.32 [95% CI 

1.85 -5.95] adjusted for gestational age [ 104 ] .  Socioeconomic 

status was categorised by years of completed parental education.  

Following preliminary analysis pa rental education was not included 

because it did not change the estimates for the effect of growth (at 

age 0 -3 months or 3 -12 months), birthweight, or sex on childhood 

BMI by more than 5.0%.  The study confirms that infant variables 

rapid weight gain and h igh birthweight are important markers of 

child obesity risk, regardless  of socioeconomic status .  However, 

the mean birthweight for the heavy at birth group was 3.6kg and 

only 15% of the sample overall were overweight.  The findings may 

be different for UK  samples which have higher birth weights and 

rates of obesity.  One barrier to research in young infants is the 

lack of a widely accepted criterion for classifying overweight in 

infants younger than two years.  In view of this lack of consensus , 
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the follow ing section will consider the most appropriate 

measurement and classification of early childhood overweight and 

obesity.  

1.6  Measurement and classification of early childhood 

overweight and obesity  

1.6.1  Body Mass Index (BMI).  

The index weight/height 2 was first described by Adolphe Quetelet 

in the 19th century as an index of weight adjusted for height.  In 

the 1950s, Ancel Keys revisited Queteletôs index and the body 

mass index emerged [ 105 ] .  T he original adult BMI overweight and 

obesity classification cu toffs were  arbitrary and not based on any 

outcome measures such as mortality [ 106 ] .  The common 

interpretation of BMI is that it represents an index of an individualôs 

fatness.  It also is widely used as a risk factor for the development 

of or the prevalence of several health issues  [ 107 ] .  However, data 

from a systematic review and meta -analysis of all -cause mortality 

for overweight and obesity using standard BMI categories identified 

that relative to normal weight, tha t  obesity (all grades) were 

associated with significantly higher all -cause mortality.  Overweight 

was associated with significantly lower all -cause mortality [ 106 ] .  

Despite the limitations, BMI retains important practical advantages 

for obesity research, as height and weight are routinely collected in 

many areas of medical research.  The adoption of this simple 

numerical index has allowed researchers to directly compa re the 
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results of different research [ 108 ] , therefore BMI remai ns a widely 

accepted indicator of adult adiposity.  However, the establishment 

of specific obesity and overweight cut off points for young children 

has proven to be difficult.  Constant changes in  body composition 

during growth mean that the relationship between weight for 

height and ad iposity during childhood is age -dependent and this 

relationship is further confounded by ethnicity and gender.  

There is currently no universally accepted system for the 

classification of obesity and overweight in young children.  

Although there is a quantity of BMI classification systems in 

operation worldwide, these give rise to a number of definitions 

arising from the diversity in sample size, the nationality of the  

reference population and the use of differing obesity and 

overweight cut off points.  

Currently , there are 3 main classifications in the literature each 

based on a specific reference study population: United States of 

America Centre for Disease Control (CD C 2000), International 

Obesity Taskforce (IOTF 1999) and Unit ed Kingdom (UK 1990) 

[ Figure  1].  
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Figure 1  -  Comparison of cut off classifications of childhood 

overweight/obese  

 
 

Examining each of the study reference populations and the 

contrasting World Health Organisation (2006) growth standards 

further highlights the lack of consensus in defining overweight and 

obesity in preschool children.  

1.6.2  CDC (2000)  

This is based on the United States of America (US) data collected 

from 5 national surveys conducted during the period 1963 -1994.  

The exclusion criterion for the age cohort under 24 months was a 

low birth weight (<1.5kg).  The sample size and number of 

observations for the population comprising of the under 2ôs are 

equal at 4,6 97  [ 109 ] .  Although the growth charts span from birth 

to 19 years, no weight data were recorded in the surveys for 

infants under 6 months in the period 1976 -1980 ( National Healt h 

and Nutrition Examination Survey -  NHANES II) or for infants under 

2 months during the subsequent period 1988 -1994 (NHANES III).  

Similarly , no length was collected in infants under 3 months during 

the period 1988 -1994 (NHANES III)  [ 110 ] .  In order to compensate 

for the missing data, birth weights were extracted from birth  

certificates during the period 1968 -1980 and 1985 -1994 and birth 

lengths extracted from birth certificates during the pe riod 1985 -
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1994.  However, only  two  USA states routinely recorded birth 

lengths [ 110 ] .  Using a distribution based approach, overweight 

and obesity w as defined as exceeding the 85 th  and 95 th  centile for 

population monitoring and the 85 th  and 97 th  centile for clinical 

measurement [ 111 ] . 

The prevalence of breastfeeding in this study population (n= 4697 

<24 months) is estimated to be 50% at birth falling to 33% 

breastfeeding at 3 months [ 109 ] .  As there were no exclusion 

criteria for infants with high birth weights or accelerated growth, 

the CDC growth reference charts reflect the heavier sample 

pop ulation [ 109 , 110 ] . 

The resulting BMI for age centile charts are not designed to fit with 

adult BMI cut off points.  

1.6.3  IOTF (1999)  

It is recognised that child growth changes substantially with not 

only age but also  with gender and ethnicity .  In recognition of child 

growth disparity, the objective in the development of the IOTF 

reference population was to link the adult BMI cut off points with 

BMI centiles for children in order to provide child cut off points to 

classify overweight and obesity [ 112 ] .  The reference data were 

taken from BMI for children from six  nationally representative 

cro ss-sectional surveys on growth from Brazil, Great Britain, Hong 
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Kong, the Netherlands, Singapore , and the United States, during 

the period 1963 to 1993 [ 113 ] . 

There is a discrepancy in the reported age range of the reference 

population with the text stating an age range of 6 -18 years, wh ilst 

the tabled data state an age range  of 0 -25 years.  Age and gender -

specific cut off points were extrapolated from the adult BMI cut off 

points of 25kg/m 2 and 30kg/m 2 for overweight and obesity 

respectively [ 113 ]  to provide a comparable cut off points for 

children.  The IOTF (1999) is used to provide international 

comparisons of the prevalence of overweight and obesity.  

1.6.4  UK -  1990  

The body mass index curves for the UK were derived from 

combining data from 11 distinct surveys und ertaken in England, 

Scotland and Wales during the period 1978 ï1990 [ 61 ] .  The age 

range of the W hite reference population was between 0 -23 years.  

The distribution -based approach defines overweight and obesity for 

population monitoring as exceeding the 85 th  and 95 th  centiles 

respectively and the 91 st  and 98 th  centiles for clinical measurement.  

The data for the UK 1990 BMI classification system is not reported 

to be nationally representative and includes pre - term infants [ 61 ] .   
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1.6.5  WHO Growth Standards (2006)  

Conceptually different to the growth reference charts based on a 

reference study population, the WHO grow th reference standard 

charts are representative of how a child would grow under optimal 

environmental and health conditions, as opposed to the growth 

reference charts that describe how certain children grew at a 

specific place and time [ 109 ] .  The data for the growth standards 

are based on the WHO Multicentre Growth Reference Study (MGRS) 

conducted during 1997 -2003 in six sites: Brazil, Ghana, India, 

Norway, Oman , and California.   The exclusion criteria for the under 

2 cohort are extens ive and include (abridged): pre/ post term 

infants, multiple births, maternal smoking during pregnancy, 

exclusive breastfeeding for more than 12 months, early/late 

weaning and weight for length +/ -  3 standard deviati ons for sex 

from study median.  

The primary study hypothesis of the MGRS is that all young 

children have the potential to grow in the same way, regardless of 

their ethnic group or place of birth.  This hypothesis was confirmed 

with the children under the age of 2 having virtually identic al mean 

lengths in the 6 study sites [ 109 ] . 

The WHO growth curves for children less than 24 months were 

based on a longitudinal component of the study.  The cohorts of 

infants ( n=882) were measured at set points between birth and 23 
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months amounting to 18,973 distinct observations of weight and 

length.  The resulting distribution growth standard curves reflect 

the optimal growth of infants and children [ 109 ] .  The method of 

infant feeding is revealed to be paramount in the use of either the 

growth reference or growth standard charts, as breastfeeding 

infants tend to gain weight more rapi dly in the first  three months, 

whereas, after 3 months, formula - fed infants have a tendency to 

grow  more rapidly than their breast fed peers [ 109 ] . 

For children under five years of age , the clas sification for 

overweight is a weight for height greater than 2 standard 

deviations and for obesity weight for height greater than 3 

standard deviations above the WHO child growth standards 

median.  However WHO recommends a cut -off value of +2 SD 

weight fo r length and se x z -score which corresponds to the 97.7 th  

percentile to define abnormal growth.  

The World Health Organisation recommends adult BMI cut off 

points 25kg/m 2 and 30kg/m 2 for overweight and obesity commence 

at the age of 19.  

Contrasting the growth reference charts with the growth standards 

identifies that the growth reference charts are descriptive and 

pertain to how the children in the reference population did grow.  

Whereas, the growth standards describe how children should grow 

[ 114 ] . 
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The lack of consensus in both the reference populations and BMI 

cut off points makes comparisons of BMI in children difficult.  

In adults, BMI as weight in kilogram s divided by height in meters 

squared (kg/m 2) is the description of the relationship between 

weight to height; in effect adjusting the weight for height.  

However, as a childôs growth pattern changes constantly the 

adjustment of weight for height becomes pr oblematic requiring 

data manipulation to produce smooth percentiles.  The effect is 

that the smoothing process generates a BMI z -score.  A BMI z -

score is representative of a measure of weight adjusted not only 

for height but also for gender and age.  

Also , the cut off points that define overweight and obesity remain 

static with age and gender.  Therefore, utilising the UK1990 cut off 

point for obesity as Ó95th  centile implies that only 5% of all 1, 2, 3 

etc. year olds are obese.  Research studies using the UK 1990 

definition of obesity have found the prevalence of obesity to be in 

the range 6.0% (age 24 months) and 5.4% -9.2% (age 3 -4 years) 

[ 115 , 116 ] . 

Whilst BMI is extensively used , the wide variety of reference 

populations and cut off points lead to a tool based on statistical 

models rather than reflecting the health risk of obesity or the 

degree of body fatness [ 114 ] . 
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1.6.6  Weight  

In the first  year of life , the Child Growth Foundation (2009) 

recommends that an infant be weighed naked and the resulting 

weight be plotted on UK weight charts [ 117 ] .  The UK weight 

charts were produced to mo dify the British 1990 weight reference 

chart s to reflect the growth of long - term breast fed infants [ 118 ] .  

It is well known that infant weight gain differ s between breastfed 

and formula - fed infants.  On average  in the first 3 -4 months , a 

breastfed infant gains weight relatively quickly  but following this 

period the growth rate decreases until at around 12 months they 

can be a centile lighter than their infant formula fed peers [ 118 ] . 

Weight is a direct and simple index of body size, easy to measure, 

cheap and reproducible [ 119 ] .  In the United Kingdom , paediatric 

management of obesity considers that weight alone is important 

until a baby reaches 1 to 2 years to determine the degree of 

obesity [ 120 ] . 

In a large retrospective Southern German cohort study, whose 

objective was to assess the best anthropometric predictor from 

birth to 2 years for lat er overweight, growth data were collected on 

2,435 children.  The recordings on height and weight at birth, 6 

months, 12 months and 24 months were  obtained from the childôs 

hand held record.  The sensitivity and specificity of weight, length 

and BMI gain we re determined against the distribution of the 
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respective growth gains for the observational periods: 0 -6 months, 

6-12 months, 12 -24 months, 0 -12 months and 1 -24 months.  The 

study concludes that within this population weight gain from birth 

to 24 months wa s the best overall anthropometric predictor of 

being overweight at statutory school entry age [ 121 ] . 

The accuracy of height and w eight data from childrenôs handheld 

records (Pe rsonal Child Health Record ï PCHR) was investigated as 

part of the wider Avon Longitudinal Study of Parent s and Children 

(ALSPAC).  A sub sample of the prospective cohort study was 

selected for an in -depth follow up clinic referred to as Children in 

Focus ( CiF) clinics.  The study compared the heights/lengths and 

weights measured in the CiF clinics and those recorded by health 

professionals in the PCHR.  The CiF clinic measurements were used 

as the gold standard and the CiF -PCHR measurements were 

compared to  assess the accuracy of the PCHR measurements.  The 

results of the study demonstrated a good accuracy of routine 

weight and height measurements, particularly from 8 months 

onwards [ 122 ] . 

1.6.7  Weight for length (height)  

Weight for length (height) measurements have become a common 

method for assessing populations of children especially under the 

age of five and are used to define both under -  and over -nutrition 

[ 123 ] .  One of the simplest definitio ns of weight for height is 
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relative weight.  This requires a chart of expected weight for the 

childôs height and sex and the childôs weight is expressed as a 

percentage of expected weight [ 124 ] .  This method has the 

advantage that it is cheap, easy to measure and reproducible.  

However, irrespective of how weight for height is defined it does 

not measure body fatness [ 125 ] .  A further criticism of weight for 

he ight measurements is the use of reference charts using data for 

the infancy period originating from a single ethnically 

homogeneous community where the majority of infants were bottle 

fed with formula milk [ 126 ] .  The World Health Organisation 

introduced in 2006 new child growth standards which are the result 

of a multinational study investigating the growth patterns of 

breastfed infants in 7 countries [ 126 ] .  It is therefore important to 

note the reference charts used in scientific studies to express the 

childôs relative weight. 

1.6.8  Body Circumference  

Body circum ference including waist and mid -upper arm have both 

been used to assess body fatness in children [ 123 ] . 

However, the National Institute for Health and  Care Excellence 

(NICE) does not recommend the use of waist circumference 

measurements in children due to problems with measurement 

validity and reliability [ 4] .  
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An evaluation of mid -upper arm circumference as a scree ning tool 

for identifying obesity in preschool children, identified that whilst 

the sensitivity of this measurement was high the specificity was 

poor.  The number of false positives (23.5%) was observed against 

the obesity definition of weight to height z score of greater than 2 

[ 127 ] . 

1.6.9  Skin fold thickness  

Skinfold thickness measurements in infants are reported to be 

measured in order to provide an indication of subcutaneous fat 

[ 128 ] .  As a procedure it is relatively non - invasive, requires simple 

technology, but is subject to measurement and reproducibility error 

[ 124 , 128 ] .  This is supported by evidence from a much earlier 

study in which the prediction of total body fat in infants from 

skinfold measureme nts was to be validated.  The authors discussed 

the reliability of the measurement of skinfold thickness and 

concluded that in infants aged between 1 -6 months the babyôs 

body movements made accurate measurements difficult to perform 

[ 129 ] . 

In a prospective case -matched study in which data relating to body 

composition were recorded from matched cohorts of infants who 

were either exclusively breastfed (n=46) or artificially fed (n=41) 

up to 12 months of age [ 130 ] , the results pertaining to skinfold 

thickness showed that the measurements of the triceps, flank and 
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quadri ceps declined more rapidly in the breastfed cohort.  The 

report discusses that the study has found significant differences in 

fatness between the two cohorts with the greatest difference being 

evident between 9 and 15 months (example:12 months sum of all 

skinfold thicknesses breastfed cohort 46mm, artificial ly  fed cohort 

51mm).  As a consequence of the differences in body fat identified 

in this study, the authors suggest that the future development of 

infant skinfold thickness reference values incorporate t he different 

methods of feeding [ 130 ] . 

Although the WHO does potentially provide a mechanism for 

assessing extreme high weight in infants (ie weight for height and 

sex score over 98 th  centile) it is not typically used by health 

professionals to judge babies as being obese.  There are a  number 

of reasons for this including sensitivities around labelling infants, 

the risk of alienating parents and the abiding perception that big 

babies are healthy babies.  A focus on two or more neutral infant 

markers (high birthweight and rapid weight ga in) rather than 

seeking a specific cut -off for concern about weight may be a more 

acceptable child prevention strategy.  Parental feeding practices 

have been implicated in increasing obesity risk by influencing the 

early entrainment of appetite control whi ch has been associated 

with rapid infant weight gain [ 131 ] .  Consequently, infants with 

established obesity risk factors such as macrosomia and rapid 

weight gain may be particularly vulnerable to the obesogenic 
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environment and therefore may be more responsive to early 

prevention interventions targeting the identifi cation of satiety cues 

and food responsiveness [ 132 ] .  If data could highlight beli efs of 

parents in caring for at - risk infants the results could be used to 

inform the development of a targeted behaviour change 

intervention.  
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2  CHAPTER TWO  

Study One ï Quantitative -  A two - year, prospective birth -

cohort study to explore the relationship between 

macrosomia and social deprivation as measured by index 

of multiple deprivation (IMD).  

2.1  Introduction  

Macroso mia refers to a condition where by infants ha ve an 

abnormally high birthweight.  Definitions of what constitutes a high 

birth weight vary but birthweights of 4000g and over are generally 

considered macrosomic [ 133 ] .  Infant birthweight is a predictor for 

future body composition [ 134 ]  and high birthweight is an 

established independent risk factor for childhood obesity (3 to 6 

years) [ 12 ] .  As discussed in Chapter One , there are a number of 

factors which could predispose macrosomic infants to future 

obesity.  It is more common in obese mothers and may indicate 

foetal hyperglycaemia, due to maternal over -nutrition.  This can 

lead to hyperplasia and hypertrophy of the adipose cells resulting 

in excess fat deposition during the third trimester [ 135 ] .  In 

addition, foetal overfeeding, and the a ssociated hormonal 

disturbances  can cause mal -programming of the foetusôs body 

weight regulatory systems which leads to ñhungrierò babies with a 

subsequent increased risk of obesity [ 136 ] .  Estimates of the 

prevalence of macrosomia vary between 5 and 20% and rates 

seem to be rising in many parts of the world [ 137 ] .  A review of 
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the prevalence of macrosomia in developing countries found rates 

ranged between 0.5% in India and 14.9% in Algeria [ 138 ] .  The 

latest statistics for England and Wales (2015) found that 11.1% of 

infants weighed 4000g or more at birth [ 23 ] . 

Although genetic factors play a part, the rise in the rates of 

macrosomia suggest s that environmental factors are important.  

Established risk factors include higher maternal weight, higher 

gestational weight gain, older maternal age , altered glucose 

metabolism and higher gestational age of the infant [ 139 ] .  

Interventions that impact on the intrauterine environment such as 

the treatment and prevention of maternal diabetes and 

modifications to mate rnal diet have been shown to reduce the odds 

of delivering a macrosomic infant [ 139 ] .  An exercise intervention 

aimed at reducing pregnancy hypertension significantly reduced 

the rates of macrosomia by 2.5 time s [ 140 ] . 

In order to reduce the risk of child obesity in macrosomic infants , it 

is important to understand the social context in which it occurs.  

Rapid weight gain in the first year of life is an independent risk 

factor for child obesity but it may be that macrosomic infants are 

also at an increased risk of rapid weight gain beca use the same 

obesogenic  environment which predisposes macrosomia also 

increases the risk of rapid weight gain.  Rates of maternal obesity 

are rising, the Health Survey for England data reports a rise from 
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12% in 1993 to over 19% in 2016 [ 13 ].   In the UK , maternal 

obesity, a  strong predictor of macrosomia  is substantially more 

common in disadvantaged social groups with the most deprived 

quintile having twi ce the risk of maternal obesity compared to 

women in the least deprived quintile (OR=2.20) [ 49 ] .  Rates of 

maternal obesity are rising, the Health Survey for England data 

reports a rise from 12% in 1993 to over 19% in 2016 [ 141 ] .  

However, it is unclear whether macrosomia is more common in 

more disadvantaged populations and whether there is any effect of 

deprivation on the relationship between macrosomia and rapid 

weight gain.  

The Index of Multi ple Deprivation captures social and economic 

disadvantage from postcode geolocation.  There is a strong linear 

relationship between the index of multiple deprivation (IMD) and 

obesity prevalence in children, with children in the most deprived 

areas having twice the risk as those in the least deprived areas 

[ 142 ] .  Ethnicity is also linked to an increased risk of obesity due to 

socioeconomic position [ 143 , 144 ] .  Although it is reported that 

Asian infants are lighter at birth when compared with White infants 

[ 145 , 146 ], births within the ñIndianò ethnic group tend to be of a 

higher socioeconomic position relative to other Asian groups 

(Bangladeshi and Pakistani).  Therefore it is important to recognise 

that des pite pooling ethnic groups individual ethnic classifications 

https://outlook.live.com/owa/?path=/mail/search#x__ENREF_13
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may confound the results due to differences in socioeconomic 

status.  

At a population level in England , there are specific timeframes for 

developmental surveillance of pre -school children, these i nclude 

the neonatal examination, by the time a child is one and between 

two and two and half years old.  At these time points , all children 

should have weight and length/height measured and recorded as 

part of the physical examination [ 147 ] .  The data from these 

consultations should be recorded on the NHS SystmOne® Child 

Health patient record system which is a central NHS database that 

holds the electronic patient records from child health departments 

and Health Visiting teams by healthcare  professionals.  As such 

these health data provide a resource to track the growth of a 

cohort of infants from birth to 2 -2.5 years.   

The present study aims to use data from a complete and 

representative sample of births in Nottinghamshire to explore the 

prevalence of infant risk factors for child obesity (high birthweight 

and rapid weight gain in the first year of life) , and the relationship 

between child risk factors and social risk factors (IMD).  A 

particular question is whether macrosomic children in more 

deprived areas are more likely to have rapid weight gain than 

children in less deprived areas.  
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2.2  Research Aims  

1.  To determine the prevalence of macrosomia in a representative 

sample of infants in Nottinghamshire.  

2.  To explore the relationship between social disadvantage and 

macrosomia.  

3.  To determine the prevalence of rapid weight gain in the first 

year of life.  

4.  To explore the relationship between social disadvantage and 

rapid weight gain in the first year of life  

5.  To explore the interaction between macrosomia and rapid 

weight gain in socially deprived areas.  

6.  To investigate whether infants who undergo rapid weight gain 

in the  first year of life in deprived areas remain heavy at year 

two.  

7.  To explore the relationship between social disadvantage and 

rapid weight gain in the first year of life in low birth weight 

infants.  

2.3  Methodology  

2.3.1  Study design  

A two -year, prospective birth -coh ort study  

2.3.2  Ethical approval and NHS permissions  

Ethical approval for this study was granted by Nottinghamshir e 

Research Ethics Committee 2 (R ef No 11/H0408/7) and NHS 
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Permissions were received from NHS Nottingham City and NHS 

Nottinghamshire County PCTs bef ore obtaining the datasets 

(Appendix 1 + 2).  

2.3.3  Participants and Population  

The cases in this birth -cohort study are all infants born in 2008 to a 

mother residing in Nottinghamshire with a NG postcode.  

Nottinghamshire is situated in the heart of England and covers an 

area of 2,085 sq km.  The two Primary Care Trusts responsible for 

the commissioning of care for the majority of Nottinghamshire 

residents were NHS Nottinghamshire County and NHS Nottingham 

City which when combined have a population of 1,091,483.  Males 

represent 49.5%: females 50.5%.  The largest concentration of 

people is found in the greater Nottingham conurbation.  As a 

county , Nottinghamshireôs ethnic diversity reflects total population 

figures with 86.5% classifying themselves as white (UK 20 11 

census ï white classification category 85.5%) [ 148 ] .   

2.3.4  Classifications of birthweight and weight gain  

Birthweight can be classified directly from the measurement of 

weight with:  

Low birthweight ï less than 2.5kg irrespective  of the period of 

gestation.  

Normal birthweight ï between 2.5 and 3.99kg irrespective of the 

period of gestation.  
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High birthweight (Macrosomia) ï greater than 4kg irrespective of 

the period of gestation.  

Weight perce ntiles (discussed in detail in Chapter O ne) are used 

to classify weight in accordance with  gestational age with:  

Small for gestational age (SGA) is classified as a newborn with a 

weight less than the 10 th  or more than 2SD below the WHO mean 

for gestational age.  

Large for gestational age (LGA) is classified as a newborn with a 

weight greater than the 97 th  percentile or more than 2SD above 

the WHO mean for gestational age [ 149 ] . 

Rapid weight gain (RWG) is defined as a +0.67 change in weight 

SD score. This 0.67 SD represents the d ifference between the 

displayed centile lines on standard infant growth charts (e.g. 2nd, 

10th, 25th, 50th, 75th, 90th and 98th centile lines), a gain of 

Ó0.67 SD may be clinically interpreted as upward centile crossing 

through at least one of these centil e bands [ 52 ] .  ( Centile Charts 

Appendix 3 ) . 
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2.3.5  Measure of Relative Deprivation  

The English Indices of Multiple Deprivation (IMD) 2010 is a 

measure based on seven distinct domains of information.  Released 

in March 2011, the IMD 2010 are based on data from 2007 -2008 

[ 150 ] .  The domains used in IMD 2010 are inco me, employment, 

education, health, crime, access to services and living 

environment.  These domains can be combined, using appropriate 

weighting  to calculate the Index of Multiple Deprivation 2010.  This 

is an overall measure of deprivation and is calculat ed for every 

Lower layer Super Output Area (LSOA) used in the census, with 

each area having a population of approximately 1500.  The IMD 

2010 can , therefore , be used to rank the 32,482 LSOAs in England.  

Rank 1 represents the most deprived area and rank 32 ,482 the 

least deprived.  IMD 2010 is a continuous measure of relative 

deprivation.  There is no definitive point at which an area is 

considered to be deprived.  However, it is usual to define deprived 

areas as those LSOAs that fall in the lowest 10% of ra nks in 

England ( i.e.  the bottom centile).  

Nottinghamshire (excluding Nottingham City) is comprised of seven 

local authority districts of which there were 31/493 LSOAs in the 

10% most deprived LSOAs in England concentrated in 4 district 

areas: Mansfield (12  LSOAs); Ashfield (10 LSOAs); Bassetlaw (6 

LSOAs) and Newark and Sherwood (3 LSOAs).  Nottingham City 

ranks 17 th  in deprivation out the 326 districts in England using the 
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average Rank score.  For the City , the units for analysis are Super 

Output Areas (SOA).  There are 176 SOAs in the City with the 

majority having a population in the range of 1,300 -1,700.  A 

quarter (n=45) of the Cityôs SOAs are amongst the 10% most 

deprived in England [ 151 ] . 

2.3.6  Use of IMD in contemporary childhood obesity research  

In 2012, the National Obesity Observatory (NO O) reported that 

child obesity prevalence in the 10% most deprived areas was 

almost double that in the 10% least deprived (NOO 2012).  Three 

contemporary research studies have been identified that use IMD 

2010 to investigate the associations between depriv ation and rates 

of childhood overweight and obesity from the National Child 

Measurement Programme (NCMP) data [ 152 -154 ] .  However, IMD 

2010 has been reported to have limitations.  Firstly it is not a direct 

measure of deprivation and therefore a finer assessment of 

exposure to deprivation such as household or parental 

socioeconomic disad vantage may derive larger differences in 

childhood overweight and obesity prevalence.  Another reported 

limitation is that IMD is biased against rural areas where 

deprivation is more diversified [ 152 , 155 ] .  As IMD provides an 

aggregate measure for the whole LSOA population, in rural areas 

were small pockets of deprivation may be present in large 

geographical areas deprivation is underest imated [ 156 ] .  Despite 

the limitations of IMD 2010 it has been argued that it provides the 
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best available method of comparing area deprivation in England 

[ 152 ] . 

2.3.7  Data collection  

The data were extracted by NHS Data Analysts from the  NHS 

SystmOne® Child Health electronic patient records.  Initial data 

entry to SystmOne is by community health professionals from birth 

notifications and following development surveillance.  

The extracted database contains the anonymised data of all 

childre n born to a mother registered to a General Practitioner (GP) 

in NHS Nottinghamshire County and NHS Nottingham City PCTs.  

The study database comprises: Date of birth; sex; ethnicity code 

(2001 census code); truncated postcode (4 digits); birthweight 

(kg), date of or age at weight measurement 1; weight 

measurement 1 (kg); date of or age at weight measurement 2 and 

weight measurement 2 (kg).  

For NHS Nottingham City PCT the extraction criteria for age one 

and age two data were entry closest to 365 days or 912 days 

representing one and two and a half years respectively.  For NHS 

Nottinghamshire County PCT data were extracted between 180 -365 

days and over 730 days to minimise missing data.  The upper time 

limit for age two data was set at 1100 days representing t hree 

years.  These timeframes reflected the then current child health 

surveillance practice in the respective Primary Care Trust.  In 
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children with more than one data entry in the time frame , the most 

recent entry was extracted.  

No maternal data was extrac ted as in order to link the mother and 

child records, identifiable maternal information would be required 

and this was not available.  

2.3.8  Eligibility criteria  

2.3.9  Inclusion criteria  

1.  Resident in Nottinghamshire and have a recorded NG postcode.  

2. Have a recorded birth weight . 

3.  Full - term infant (Gestation Ó 37 weeks.  

2.3.10  Database Construction  

The combined data extracted identified 11,071 births; 7515 NHS 

Nottinghamshire County PCT and 3556 NHS Nottingham City PCT.  

Those infants who did not meet the eligibility criteria were 

excluded.  Infants with a non -NG postcode were excluded and 

represented 676 for NHS Nottinghamshire County PCT and 695 for 

NHS Nottingham City PCT.  Birthweight outliers were identified 

from the raw data.  The minimum birthweight on the 0.4 th  centile 

for g irls born at 37 weeks is 1.7kg on the UK WHO growth chart 0 -

4 years  [ 157 ] .  The Nottinghamshire County PCT cohort contained 

four outliers at 0.299; 0.315; 0.363 and 1.05kg.  As these cases 

are considerably lighter and possibly as a  result of original data 

entry error, these cases were excluded from the dataset.  Despite 



58 
 

requesting the same data variables from the PCTô-s the resulting 

raw datasets varied in format, requiring conversion to present 

uniform variable values.  Census ethn icity codes were converted to 

the appropriate census ethnic group category creating initially 19 

ethnicity categories.  As some of the categories had small numbers 

and in order to facilitate univariate and bivariate analysis, these 19 

categories were poole d to create 5 ethnicity codes: 1 -White; 2 -

Black; 3 -Asian; 4 -Mixed and 5 -Not known.  Infant age at weight 

measurement 1 and 2 was standardised and reported in days.  

Ethical approval was granted for the use of 4 digit truncated 

postcodes.  These 4 digits re present the postcode sector and 

consist of the postcode district, the single space and the first 

character of the inward code ( i.e.  NG21 9).  Each postcode sector 

was allocated to the corresponding Lower layer Super Output Areas 

(LSOA) average Index of Mul tiple Deprivation (IMD) score and 

average IMD rank by a Senior Public Health Information Specialist, 

East Midlands Public Health  Observatory.  From IMD rank (wh ere 1 

is the most deprived) IMD quintiles were calculated to form a 

separate categorical variabl e ï IMD quintile.   From the recorded 

data,  weight for age and gender -specific Z scores were calculated 

using World Health Organisations Standards which define Z scores 

as a measure of standard deviations from the median value, 

adjusted for gender and age [ 158 ] . 
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As discussed in Chapter One , the growth trajectories for pre term 

infants follow a statistically significant different pattern than term 

infants [ 159 ] .  Therefore in order to determine the prevalence of 

infant rapid weight gain and the relationship with social 

disadvantage all infants with a gestational age of less than 37 

weeks were excluded.  Finally, the effect of missing data was 

exp lored as 3792 year one and 5190 year 2 weight measurements 

were missing from the County and City cohorts.  Therefore, in 

order to establish whether the missing cases varied significantly 

from t he main research cohort two sub set groups (Lost to follow up 

year one and two) were separated out in order to explore the effect 

of potential bias on the main research cohort.  
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Table 1 -  Consort diagrams enrolment for NHS Nottingham County 

and Nottingham City PCTs  

 

2.3.11  Data Analysis  

Data were cleaned, variable labels and categorical codes assigned 

in Microsoft Excel 2010.  The a nalysis was undertaken using IBM 

SPSS Statistics 23®.  Proportions or medians were used to 

describe the characteristics of the cohorts and study samples.  

Measures of association between the categorical variables were 

assessed with Ȑ2 statistic.  An independent t - test was used to 

assess whether means of birthweight, gestation and z score weight 
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change differed between cohorts.  Logistic regression models were 

fitted to explore the relationships outlined in the research aims.  

Aim 2 -  To explore the relationship between social disadvantage 

and macrosomia (Model 1).  The dependent variable used was 

macrosomia (no macrosomia <4000g =0; macrosomia Ó4000g 

=1).  The explanatory variable was IMD Quintile.  Covariates 

included the categorical variables gender and ethnicity with 

gestation as a continuous variable.  Aim 4 -  To explore the 

relationship between social disadvantage and rapid weight gain in 

the first year of life (Model 2).  The dependent variable used was 

rapid weight gain (no rapid weight gain <0.67 =0; rapid weight 

gain Ó0.67 =1).  The explanatory variable was IMD Quintile.  

Covariates included the categorical variables gender and ethnicity 

with birth weigh t as a continuous variable.   For Ȑ2 all expected cell 

frequencies were greater than 5.  Statistical significance was set at 

pÒ0.05.  

2.4  RESULTS  

2.4.1  Comparison between County and City cohorts  

Following construction of the databases, 8904 infants were 

included in t he County and City cohorts.  Although the two cohorts 

are representative of Nottinghamshire they differ in respect of 

ethnic diversity and social deprivation.  Therefore, in order to 

identify the differences in the two cohorts, direct comparisons of 

the va riables were undertaken as outlined in the data analysis 
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section.  Comparisons of the characteristics of the two cohorts are 

shown in Table 2.  

There were no differences between the cohorts in the proportion of 

males and females.  Although the me dian and ra nge for gestation 

were  equal for both cohorts the differences in the distribution of 

the frequencies for the variable were sufficient to be statistically 

significant.  An independent samples t - test was conducted to 

compare gestation (weeks) for NHS Notting ham City PCT and NHS 

Nottingham County PCT infants.  There was a significant difference 

in NHS Nottingham City PCT (M=39.61, SD=1.177) and NHS 

Nottingham County PCT (M=39.69, SD=1.165), t (8896) -2.873, 

p=0.004.  However, the difference of half a day is no t clinically 

significant.  Birthweight was significantly higher in County infants 

(M=3.43kg, SD=0.49) than the City (M=3.34kg, SD=0.59), t 

(8902) -7.771, p<0.0001, but again the effect size is small (0.15).  

When birthweight was reported as three categorie s representing  

low <2.5kg; appropriate for age 2.5 -3.99kg and high Ó4.0kg, the 

distribution of the birthweight categories was significant with the 

County having a greater proportion of high birthweight infants than 

the City (Ȑ2 31.384 (df)=2).  The distrib ution of ethnic groups 

according to pooled ethnic codes was also significantly higher with 

the City cohort having a greater proportion of Black and Asian 

infants (Ȑ2 1265.156 (df=4) .  There was no difference in the mean 

weight change Z score.  The distribution of IMD quintiles was also 
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significantly different with the City having a greater proportion of 

infants residing in quintile one (the most deprived) than the County 

(Ȑ2 3142.679  df=4) . 

For all further analysis , the County and City cohorts were combined 

to obtain a larger (n=8904) and representative sample to address 

the research aims.  The combined research dataset characteristics 

are summarised in table 2 . 
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Table 2 -  NHS Nottinghamshire County; NHS Nottingham City and Combined Research Cohort.  

  NHS Nottinghamshire 
County PCT  

NHS Nottingham City 
PCT  

P value  Combined Cohort Total  

Number of cases   N=6,320 (%)  N=2,584 (%)   N=8,904 (%)  

Gender  Male  
Female  

3165 (50.1%)  
3155 (49.9%)  

1271 (49.2%)  
1313 (50.8%)  

0.445  4436 (49.8%)  
4468 (50.2%)  

Gestation  Median  

Range  
Mean  
SD 

40 weeks  

37ï43 weeks  
39.69 weeks  
(1.164)  

40 weeks  

37 -43 weeks  
39.61 weeks  
(1.176)  

<0.0001  40 weeks  

37 -40 weeks  
39.67 weeks  
(1.171)  

Birthweight  Median  
Range  
Mean  

SD 

3.43kg  
1.54 -5.46kg  
3.44  

(0.49)  

3.34kg  
1.89 -5.74kg  
3.34  

(0.59)  

<0.0001  3.4kg  
1.54 -5.74 kg  
3.414kg  

(0.49)  

< 2.5kg  
2.5 ï 3.99  

Ó4.0kg 

Low  
Normal  
High  

148 (2.34%)  
5335 (84.4%)  
837 (13.2%)  

92 (3.6%)  
2244 (86.8%)  
248 (9.6%)  

<0.0001  240 (2.7%)  
7579 (85.1%)  
1085 (12.2%)  

Weight change  

Z scores  

Mean  
(SD)  

1.41  
(0.806)  

1.46  
(0.765)  

0.256  1.43  
(0.785)  

Ethnicity  White  5465 (86.5%)  1545 (59.8%)   7010(78.7%)  

 Black  116 (1.8%)  364 (14.1%)   480 (5.4%)  

 Pakistani  47 (0.7%)  272 (10.5%)   319 (3.6%)  

 Indian  59 (0.9%)  59 (2.3%)   121 (1.3%)  

 Asian  28 (0.4%)  47 (1.8%)   75 (0.8%)  

 Bangladeshi  19 (0.3%)  9 (0.3%)   28 (0.3%)  

 Chinese  20 (0.3%)  16 (0.6%)   36 (0.4%)  

 Mixed  147 (2.3%)  175 (6.8%)   322 (3.6%)  

 Not recorded  416 (6.6%)  97 (3.8%)   513 (5.8%)  

Pooled Ethnic 

Code  

White  5465 (86.5%)  1545 (59.8%)  <0.0001  7010 (78.7%)  
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 Black  116 (1.8%)  364 (14.1%)   480 (5.4%)  

 Asian  176 (2.8%)  403 (15.6%)   579 (6.5%)  

 Mixed  147 (2.3%)  175 (6.8%)   322 (3.6%)  

 Not Recorded  416 (6.6%)  97 (3.8%)   513 (5.8%)  

IMD by Quintile  1( most deprived )  270 (4.3%)  1285 (49.7%)  <0.0001  1555 (17.5%)  

 2 2086 (33%)  888 (34.4%)   2974 (33.1%  

 3 1984 (31.4%)  225 (8.7%)   2209 (24.8%)  

 4 1083 (17.1%)  161 (6.2%)   1244 (14.0%)  

 5 897 (14.2%)  25 (0.9%)   922 (10.3%)  

No weight recorded  Year one  3782 (59.8%)  10 (0.4%)  <0.0001  3792 (42.6%)  
No weight recorded  Year two  4071(64.4%)  1119 (43.3%)  <0.0001  5190 (58.3%)  
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2.4.2  Comparisons between lost to follow up and weight 

present ï YEAR ONE  

At year one, there were infants 3792 (42.6%) who had no weight 

one data recorded on SystmOne.  As the research cohort was 

extracted from the central NHS database it is difficult to ascertain 

whether the weight measurement at year one was not undertaken 

or simply not recorded on SystmOne.  There was also no indication 

in the data to identify infants who had moved out of the area.  The 

majority of one year lost to follow up infants reside in NHS 

Nottinghamshire County (n=3782), only 10 NHS Nottingham City 

inf ants had no year 1 weight one data.  In order to assess the 

effect of any potential bias, those infants in NHS Nottinghamshire 

County (n=3782) with missing data at weight point 1 formed a 

Year 1 lost to follow up group (LtF1 group) and compared with 

those infants in NHS Nottinghamshire PCT with year one weight 

data.  With only ten lost to follow up in the City at year one weight 

point, no comparison was made for this group.  The cohort 

characteristics are summarised in table 3.   

There were no differences in sex distribution, gestation or ethnicity 

between the Year 1 lost to follow up group and the group with 

recorded weight.  Birthweight was significantly higher in the Year 1 

recorded weight group (M=3.47kg, SD=0.32) than the LtFU 1 

(M=3.42kg, SD=0.49), t (6318) 2.72, p=0.006, however, the 

difference of 50 grams is clinically insignificant.  However, in the  
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birthweight categories, there was no difference in the distribution.  

The distribution of the IMD quintiles was also significan tly different 

with the LtFU1 group having a greater proportion of infants 

residing in quintiles one and two (most deprived) compared to the 

infants with a weight recording at year 1 (Ȑ2 1134.997 df=4) . 

2.4.3  Comparisons between lost to follow up and weight 

prese nt ï YEAR TWO  

At year 2 follow up there were 5190 (58.3%) children who had no 

weight data recorded on SystmOne.  Of these, 1286 (14.4%) 

children have missing data at both time points.  Childre n with a 

weight recorded at two -year follow -up were compared wit h those 

with no recorded weight at two years (LtFU2).  The characteristics 

are summarised in table 3 . 

There were no differences between the groups in the proportion of 

males and females.  An independent t - test was conducted to compare 

gestation in weeks for children with no weight recorded at year 2 with 

children with a weight recorded at year 2.  There was a significant 

difference in children with no weight recorded (M=39.69, SD= 1.149) 

and weight recorded (M=39.63, SD= 1.191), t (9600 ) 2.5, p=0.01.  

However, the difference of less than half a day is clinically 

insignificant.  For birthweight there was no difference between 

children with no weight recorded at year 2 (M=3.46, SD=0.44) and 

children with a weight recorded at year 2 (M=3.45 , SD= 0.36) t 

(9600) 1.2 p=0.2.  By birthweight category , the difference in 
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distribution was significant with the LtFU2 group having a greater 

proportion of high birthweight infants than the weight recorded group 

(Ȑ2 6.245 (df=2) p=0.044).  The distributio n of ethnicity according to 

pooled ethnic codes was significantly different with the LtFU2 group 

having a greater proportion of Black, Asian and Mixed ethnic children 

(Ȑ2 188.005 df=4 ).  The distribution of IMD quintiles was also 

significantly different wi th infants in the weight recorded group 

having a greater proportion of infants residing in quintile one (most 

deprived) than the LtFU2 (Ȑ2 607.174 df=4) .
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Table 3 -  Comparisons between weight present and weight absent cohorts -  Year 1 and Year 2  

  No weight 
recorded at 1 
year follow up  

Weight 
recorded at 1 
year follow up  

P value  No weight 
recorded at 2 
year follow up 
County 
n=4071  
City n=1119  

Weight 
recorded at 2 
year follow up  
County n=2310  
City n=2102  

P value  

Number of cases   3782  2538   5190  4412   

Gender  Male  
Female  

1916 (50.7%)  
1866 (49.3%)  

1249 (49.2%)  
1289 (50.8%)  

0.135  2623 (50.5%)  
2567 (49.5%)  

2153 (48.8%)  
2259 (51.2%)  

0.089  

Gestation  Median  

Range  
Mean  
(SD)  

40 weeks  

37 -43 weeks  
39.70  
(1.164)  

40 weeks  

37ï43 weeks  
39.64  
(1.171)  

0.1  40 weeks  

37 -43 weeks  
39.69  
(1.149)  

40 weeks  

37 -43 weeks  
39.63  
(1.191)  

0.0122  

Birthweight  Mean  
(SD)  

3.44kg  
(0.49)  

3.47kg  
(0.32)  

0.006  3.46kg  
0.44  

3.45kg  
0.36  

0.2  

< 2.5kg  

2.5 ï 3.99  
Ó4.0kg 

Low  

Normal  
High  

99 (2.6%)  

3193 (84.2%)  
500 (13.2%)  

49 (1.9%)  

2152 (84.8%)  
337 (13.3%)  

0.220  135 (2.6%)  

4399 (84.7%)  
656 (12.6%)  

131 (3.0%)  

3791 (85.9%)  
490 (11.1%)  

0.044  

Ethnicity  White  3307 (87.4%)  2159 (85%)   4245 (81.8%)  3226 (73.1%)   

 Black  65 (1.7%)  51 (2%)   231 (4.5%)  345 (7.8%)   

 Pakistani  22 (0.6%)  25 (0.9%)   105(2.0%)  239 (5.4%)   

 Indian  30 (0.8%)  29 (1.1%)   54 (1.0%)  78 (1.8%)   

 Asian  16 (0.4%)  15 (0.6%)   29 (0.6%)  55 (1.2%)   

 Bangladeshi  14 (0.4%)  5 (0.2%)   21 (0.4%)  9 (0.2%)   

 Chinese  6 (0.15%)  14 (0.5%)   21 (0.4%)  22 (0.5%)   

 Mixed  81 (2.1%)  65 (2.6%)   153 (2.9%)  227 (5.1%)   

 Not recorded  241 (6.4%)  175 (6.9%)   331 (6.4%)  211 (4.8%)   

Pooled Ethnic 

Code  

White  3307 (87.4%)  2159 (85%)  0.052   

4245 (81.8%)  

 

3226 (73.1%)  

 

<0.0001  

 Black  65 (1.7%)  51 (2%)   231 (4.5%)  345 (7.8%)   

 Asian  88 (2.3%)  88 (3.5%)   230 (4.4%)  403 (9.1%)   

 Mixed  81 (2.1%)  65 (2.6%)   153 (2.9%)  227 (5.1%)   

 Not Recorded  241 (6.4%)  175 (6.9%)   331 (6.4%)  211 (4.8%)   
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  No weight 
recorded at 1 
year follow up  

Weight 
recorded at 1 
year follow up  

P value  No weight 
recorded at 2 
year follow up 
County 
n=4071  
City n=1119  

Weight 
recorded at 2 
year follow up  
County n=2310  
City n=2102  

P value  

IMD by Quintile  
(most deprived)  

  
1  

 
244 (6.5%)  

 
26 (1.0%)  

 
<0.0001  

 
769 (14.8%)  

 
1090(24.7%)  

 
<0.0001  

 2 1700 (45%)  386 (15.2%)   2031 (39.1%)  1183 (26.8%)   

 3 1187 (31.3%)  797 (31.4%)   1497 (28.8%)  798 (18.1%)   

 4 402 (10.6%)  681 (26.8%)   624 (12.0%)  669 (15.2%)   

(least deprived)  5 249 (6.6%)  648 (25.5%)   269 (5.2%)  672 (15.2%)   
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2.4.4  Macrosomia  

The prevalence of macrosomia in the total population of infants 

born Ó37 weeks was 12.2%.  The characteristics of macrosomic 

infants are shown in table 4 . 

Table 4 -  Characteristics of macrosomic infants in combined NHS 
Nottingham Ci ty PCT and NHS Nottinghamshire PCT cohort  

 No 

Macrosomia  
N=7819  

%  Macrosomia  

N=1085  

%  P value  

Males  3751  84.6  685  15.4  <0.0001  

Females  4068  91  400  9.0   

      

Gestation  

37 weeks  

 

466  

 

98.3  

 

8 

 

1.7  

 

<0.0001  

38  1013  96.7  35  3.3   

39  1579  92.7  125  7.3   

40  3232  86.7  496  13.3   

41  1278  79.2  335  20.8   

42  244  74.8  82  25.2   

43  2 40.0  3 60.0   

Not known  5  1   

      
Pooled 

Ethnicity  

1 White  

 

 
6104  

 

 
87.1  

 

 
906  

 

 
12.9  

 

 
<0.0001  

2 Black  431  89.8  49  10.2   

3 Asian  548  94.6  31  5.4   

4 Mixed  287  89.1  35  10.9   

5 Not known  449  87.5  64  12.5   

      

IMD 

Quintile 
1 (most deprived)  

1414  90.9  141  9.1  <0.0001  

2 2603  87.5  371  12.5   

3 1919  86.9  290  13.1   

4 1060  85.2  184  14.8   

5 (affluent)  823  89.3  99  10.7   
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Comparisons by bivariate analysis revealed that the proportion of  

males with macrosomia was significantly higher than females (Ȑ2 

87.600 (df=2) .   

As expected the proportion of macrosomic infants increased with 

gestational age.  A Chi squared for trend test found a strong linear 

association between macrosom ia and gestational age (LLA=322.381 

(df=1) p<0.0001).  Transforming  the gestational age into two 

categories term (37 -40 weeks) and post term (41 -43 weeks) a 

significantly higher proportion of macrosomic infants had been born 

post term [Ȑ2 206.425 (df=1)  as shown in table 5 ].  

Table 5 -  Cross tabulation Macrosomia and gestation  

 

 Birthweight Code n (%)  

 No Macrosomia  Macrosomia  

Term infants  
(37 -40 weeks)  

6290 (90.5)  664 (9.5)  

   

Post term infants  
(41 -43 weeks)  

1524 (78.4)  420 (21.6)  

ό˔
2 
206.425 (df=1) p<0.0001) 

 

By pooled ethnic category, a higher proportion of macrosomic infants 

were White compared to non -macrosomic infants.  Comparing White, 

Black and Asian pooled ethnic categories indicates that a significantly 

higher proportion of macrosomic infants were White [Ȑ2 30.50 (df =2) 

as shown in Table 6 ].  
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Table 6 -  Cross tabulation Macrosomia and ethnicity  

 No Macrosomia 
n (%)  

Macrosomia  
n (%)  

White  6104 (87.1)  906 (12.9)  

Black  431 (89.8)  49 (10.2)  

Asian  548 (94.6)  31 (5.4)  
(Ȑ2 30.50 (df=2) p<0.0001)  

A further chi square test for association was performed between 

macrosomia and deprivation.  A significantly higher proportion of 

macrosomic infants reside in quintile 2 [Ȑ2 26.864 (df=4)  as sho wn 

in Table 7 ].  

Table 7 -  Cross tabulation Macrosomia and deprivation  

IMD Quintile  No Macrosomia n (%)  Macrosomia n (%)  

1 (Most deprived)  1414 (90.9)  141 (9.1)  

2 2603 (87.5)  371 (12.5)  

3 1919 (86.9)  290 (13.1)  

4 1060 (85.2)  184 (14.8)  

5 823 (89.3)  99 (10.7)  
(Ȑ2 25.89 (df=4) p<0.0001)  

 

A binomial logistic regression was performed to ascertain the 

effects of gender (female=0; male =1), gestation in weeks, pooled 

ethnic categories (White=1 [reference], Black=2 and Asian=3) and 

relative deprivation (Q1=1, Q2=2, [medium deprivation Q3=0 

reference], Q4=4 and Q5=5) on the likelihood that infants are born 

macrosomic.  R esults are displayed in Table 8 .  

When analysed together, only four were statistically significant: 

gender, gestatio n, Asian ethnicity, and level of deprivation.  Males 

had 1.9 times increased odds of being macrosomic than females 

(95%CI 1.64 -2.17).  Every additional week of gestational age at 
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birth was associated with a 1.8 increased odds of macrosomia 

(95% CI 1.66 -1.9 1).  Asian infants were 54% less likel y to be 

macrosomic compared to W hite infants (OR = 0.466 95%CI 0.320 -

0.679).   Infants in the most deprived quintile were 29% less likely 

to be macrosomic compared to infants in quintile 3 (OR = 0.701 

95%CI 1.665 -1.910 ).  

Table 8 -  Results of binomial regression of risk factors for macrosomia  

 B SE Wald  Sig  Odds 

Ratio  

95% CI for 

Odds ratio  

Lower     

Upper  

Gender Code  0.636  0.072  78.387  <0.0001  1.889  1.641  2.175  

Gestation  0.578  0.035  272.121  < 0.0001  1.783  1.665  1.910  

White (reference)  
  16.170  <0.0001     

Black  -0.131  0.161  0.669  0.414  0.877  0.640  1.201  

Asian  -0.763  0.192  15.832  <0.0001  0.466  0.320  0.679  

Deprived Q1  -0.355  0.119  8.867  0.003  0.701  0.555  0.886  

Q2 -0.073  0.091  0.637  0.425  0.930  0.777  1.112  

Q3 (reference)    17.39  0.002     

Q4 0.152  0.110  1.915  0.166  1.164  0.939  1.443  

Affluent Q5  -0.181  0.132  1.878  0.171  0.835  0.644  1.081  

Gender (Female 0/Male 1) Gestation (weeks) Pooled Ethnicity [Categorical White=1 (reference) 
Black=2 Asian=3] IMD[Categorical Q1=1; Q2=2; Q3=0 (reference) Q4=4; Q5=5] Significance p=0.05  
 

In summary , the risk of macrosomia is increased for males and 

post - term infants , and decreased if Asian  and residing in a 

deprived area at birth.  
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2.4.5  Rapid weight gain  

The prevalence of rapid weight gain defined as an increase in 

weight - for -age Z score  of  Ó0.67 SD [ 7]  between birth and one 

year in the total population of infants born Ó37 weeks was 29.7%.  

The characteristics of rapid weig ht infants are shown in Table 9 . 

Table 9 -  Characteristics of rapid weight gain infants in the combined 
resea rch cohort  

 No RWG  

N=3595  

%  RWG  

N=1517  

%  P value  

Males  1747  69.5  768  30.5  0.185  

Females  1848  71.0  749  29.0   

      

Gestation  
37 weeks  

102  37.0  174  63.0  <0.0001  

38 366  57.3  272  42.7   

39  638  66.5  322  33.5   

40  1661  75.2  549  24.8   

41  55  25.7  159  74.3   

42  164  80.4  40  19.6   

43  4 100     

Not known  5 83.3  1 16.7   

      

Pooled Ethnicity   
1 White  

 
2642  

 
71.4  

 
1057  

 
28.6  

 
0.009  

2 Black  264  64.0  149  36.0   

3 Asian  330  67.5  159  32.5   

4 Mixed  162  67.8  32.2  5.1   

5 Not known  197  72.4  27.6  4.9   

      

IMD Quintile     

1  
(most deprived)  

 

891  

 

68.2  

 

415  

 

31.8  

 

0.055  

2 873  68.8  396  31.2   

3 733  71.7  289  28.3   

4 618  73.4  224  26.6   

5     
(affluent ) 

480  71.3  193  28.7   
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Comparisons by bivariate analysis, Ȑ2 of rapid weight gain and the 

variables in the combined research cohort identify no significant 

difference in the proportion of gender or IMD quintile.  Decreasing 

gestation was associated with rapid weight gain.  A Chi squared for 

trend test found a stron g linear association between rapid weight gain 

and gestational age (LLA 250.765 (df=1) p<0.0001).  By ethnicity  

the highest proportion of rapid weight gain infants are in the Black, 

Asian and Mixed ethnic categories.  Comparing White, Black and 

Asian poole d ethnic categories indicates that a significantly higher 

proportion of rapid weight gain infants were Black [Ȑ2 12.148 (d f=2)  

as shown in Table 10 ].   

Table 10  -  Cross tabulation Macrosomia and ethnicity  

 No RWG n (%)  RWG n (%)  

White  2642 (71.4)  1097 (28.6)  

Black  264 (63.9)  149 (36.1)  

Asian  330 (67.5)  159 (32.5)  
(Ȑ2 12.148 (df=2) p=0.002)  

As over 50% of the rapid weight gain infants reside in the most 

deprived quintiles (1+2), the IMD quintiles were transformed into 

two categories most deprived and least dep rived (quintiles 

3+4+5)(Table 11 ).  
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Table 11  -  Cross tabulation rapid weight gain and deprivation  

 No RWG n (%)  RWG n (%)  

Most deprived  1831 (49.1)  811 (53.5)  

   

Least deprived  1764 (50.9)  706 (46.5)  
(OR=1.2; 95%CI = 1.06 -1.34; p=0.004)  

Infants in the two most deprived quintiles had 1.2 increased risk of 

rapid weight gain compared to infants in the three least deprived 

quintiles (OR =1.2; 95%CI = 1.06 -1.34 ).  

A binomial logistic regression was performed to ascertain the 

effects of gender, gestation in weeks, birthweight (Kg), pooled 

ethnic categories (White=1 [reference], Black=2 and Asian=3) and 

relative deprivation (Q1=1, Q2=2, [medium deprivation Q3=0 

reference], Q4=4 and Q5=5) as the ind ependent variables and 

rapid weight gain (change in weight z -score as the dependent 

variable.  R esults are displayed in Table 12 . 

When analysed together gender, gestation , birthweight, and pooled 

ethnicity were statistically significant.  After controlling  for the 

other predictors IMD quintile does not contribute to the model.  

Male infants had 1.4 increased odds of rapid weight gain than 

female infants.  Every decreasing week of gestation at birth 

increases the odds of rapid weight gain by 10% (95% CI 0.84 3-

0.958).  Each decreasing kilogram of birthweight increases the 

odds of rapid weight gain by 88% (95% CI 0.100 -0.146).  Asian 

infants were 30% (OR = 0.698, 95% CI 0.556 -0.876) less likely to 

have rapid weight gain compared with White infants.  
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Table 12  Results of binomial regression of risk factors for rapid weight 

gain (combined research cohort)  

 B SE Wald  Sig  Odds 
Ratio  

95% CI Odds 
Ratio  

Lower   Upper  

Gender  0.309  0.072  18.339  <0.0001  1.362  1.182  1.568  

Gestation  -0.107  0.033  10.781  0.001  0.899  0.843  0.958  

Birthweight  -2.113  0.097  471.526  <0.0001  0.121  0.100  0.146  

White 

(reference)  

  13.139  0.001     

Black  0.171  0.123  1.924  0.165  1.187  0.932  1.512  

Asian  -0.360  0.116  9.615  0.002  0.698  0.556  0.876  

Deprived Q1  0.117  0.108  1.161  0.281  1.124  0.909  1.390  

Q2 0.055  00.109  0.256  0.613  1.057  0.853  1.308  

Q3 (reference)    1.504  0.826     

Q4 0.052  0.120  0.185  0.667  1.053  0.832  1.333  

Affluent Q5  0.117  0.1  0.856  0.355  1.124  0.877  1.442  

Gender Female=0; male=1 Gestation (weeks) Birthweight (Kg) Pooled Ethnicity [Categorical White=1 
(reference) Black=2 Asian=3] IMD[Categorical Q1=1; Q2=2; Q3=0 (reference) Q4=4; Q5=5] 
Significance p=0.05  
 

In summary , the risk of rapid weight gain is increased for males, 

decreasing gestation , and lower birthweight , and decreased if 

Asian.  
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2.4.6  Interactio n between Macrosomia and Rapid Weight G ain  

Bivariate analysis was performed to examine the relationship 

between macrosomia and rapid weight gain in the combined 

research cohort.  A significantly higher proportion of age -

appropriate birthweight infants had undergone rapid weight gain 

(Ȑ2 15 9.639 (df =1)  [Table 13 ].   

Table 13  -  Cross tabulation macrosomia and rapid weight gain in the 
combined research cohort  

 No Macrosomia n (%)  Macrosomic n (%)  

No RWG  3018 (68.8)  549 (93.8)  

   

RWG 1368 (31.2)  36 (6.2)  

 (Ȑ2 159.639 (df=1) p <0.0001)  

Of those with 1 year follow -up data, 36 infants (6.2%) had rapid 

weight  gain and macrosomia.  (Table 14 ).  

Table 14  -  Macrosomia with and without rapid weight gain by IMD 

Quintile  

Deprivation  Macrosomia & RWG  
n (%)  

Macrosomia & NO RWG  
n (%)  

1 + 2 (most deprived)  22 (61.1)  241 (43.9)  

   

3+4+5 (least deprived  14 (38.9)  308 (56.1)  
(OR=2.11; 95%CI = 1.05 -4.22; p=0.034)  

 

Infants in the two most deprived quintiles had twice the risk of 

having macrosomia and rapid weight gain compared to infants in 

the three least deprived quintiles (OR=2 .11; 95%CI = 1.05 -4.22 . 
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2.4.7  Do infants who undergo rapid weight gain in the first 

year of life in deprived areas remain heavy at weight 

point two?  

At weight point 2, 2242 (25.2%) children had a weight recorded 

between 700 ï 1100 days on SystmOne.  Of these, 519 (23%) 

children were classified as being ñheavyò at weight point two 

defined as being on or above the 91 st  centile for gender -specific 

weight for age.  A comparison of childr en who were heavy and not 

heavy at weigh t point two is shown in Table 15 .  Median 

birthweight was significantly higher in heavy at weight point two 

children (3.63kg) than the not heavy (3.38kg p<0.0001)).  

Table 15  -  Comparisons of Children with a birthweight Ó2.5kg at 2 
year follow up  

 Heavy at weight 

point 2  
N=519 (23)  

Not heavy at 

weight point 2  
N=1723 (77)  

P value  

Gender     

Male  
Female  

271 (52.2)  
248 (47.8)  

845 (49)  
878 (51)  

0.169  

Birthweight     

Median  
Range  

3.63kg  
2.51 -5.08kg  

3.38kg  
2.5 -5.33kg  

<0.0001  

Pooled 
Ethnicity  

   

White  461 (88.8)  1496 (86.8)  0.133  

Black  8 (1.5)  16 (0.9)   

Asian  16 (3.1)  52 (3)   

Mixed  12 (2.3)  70 (4)   

Not known  22 (4.2)  89 (5.2)   

IMD     

1 (most deprived)  6 (1.15)  24 (1.4)  0.601  

2 118 (22.7)  336 (19.5)   

3 129 (24.8)  451 (26.2)   

4 118 (22.7)  411 (24)   

5 144 (27.7)  483 (28)   

Not known  4 (0.77)  18 (1)   
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To assess the effect of birthweight on weight at weight point two a 

chi -square test for association was conducted between birthweight 

category and heavy at weight point two.  Of the 293 macrosomic 

infants 128 (43.75%) were above the 91 st  centile weight for age 

and sex compared to only 391 (20%) of infants in the normal 

birthweight range [Ȑ2 79.907 (df=1)  as shown in Table 16 ].  

Table 16  -  Cross tabulation Macrosomia and Heavy at weight point 
two  

 Not heavy at weight point 2  Heavy at weight point 2  

No Macrosomia  

(2.5 -3.99kg)  

 

1558 (90.4)  

 

391 (75.3)  

   

Macrosomic (Ó4kg) 165 (9.6)  128 (24.7)  
Ȑ2 79.907 (df=1) p<0.0001 

 

 

A binomial logistic regression was performed to ascertain the 

effects of gender, birthweight (Kg), rapid weight gain ( 0=No; 1 -  

Yes), pooled ethnic categories (White=1 [reference], Black=2 and 

Asian=3) and relative deprivation (Q1=1, Q2=2, [medium 

deprivation Q3=0 reference], Q4=4 and Q5=5) on the likelihood 

that infants were heavy at weight point two.  R esults are displayed 

in Table 17 .  When analysed together birthweight, rapid weight 

gain and Black ethnicity were statistically significant.  Increasing 

birthweight had 3.9 times higher odds of being heavy at weight 

point two (95% CI 2.893 -5.345).  Infants that had under gone rapid 

weight gain in their first year had 2.35 times higher odds of being 
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above 91 st  centile f or weight at weight point two (95% CI 1.471 -

2.497).  Black infants were 3.7 times more likely to be heavy at 

year two compa red to White infants (OR = 3.690, (95% CI 1.292 -

10.542).  After controlling for the other predictors IMD quintile 

does not contribute  to the model.  

 

Table 17  -  Results of binomial regression of risk factors for heavy at 

weight point two (weight point two cohort)  

 B SE Wald  Sig  Odds 
Ratio  

95% CI for 
Odds ratio  

Lower   Upper  

Gender  -0.134  0.139  0.926  0.336  0.875  0.666  1.149  

Birthweight  1.369  0.157  76.501  <0.0001  3.933  2.893  5.345  

RWG 0.855  0.140  37.068  <0.0001  2.351  1.471  2.497  

White  

(reference)  
  5.966  0.051     

Black  1.306  0.536  5.942  0.015  3.690  1.292  10.542  

Asian  0.095  0.421  0.051  0.831  1.100  0.482  2.509  

Deprived Q1  -0.252  0.947  0.071  0.790  0.777  0.121  4.972  

Q2 0.031  0.251  0.015  0.903  1.031  0.631  1.685  

Q3 (reference)    1.247  0.870     

Q4 -0.173  0.184  0.889  0.346  0.841  0.587  1.205  

Affluent Q5  
-0.107  0.176  0.372  0.542  0.898  0.636  1.269  

Gender Female=0; male=1 Birthweight (Kg) RWG No=0;Yes=1, Pooled Ethnicity [Categorical White=1 
(reference) Black=2 Asian=3], IMD [Categorical Q1=1; Q2=2; Q3=0 (reference) Q4=4; Q5=5] 
Significance p=0.05  
 

In summary , the risk of being heavy at year two is increased for 

higher birthweight, rapid weight gain , and pooled Black ethnicity .  
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2.4.8  To explore the relationship between social disadvantage 

and rapid weight gain in the first year of life in low birth 

weight infants (<2 .5kg)  

By gender, 63.7% of the low birth weight cohort was female. Almost 

three quarters of the infants were White.  Half of the infants reside in 

relatively deprived households (quintiles 1 +2).  For those low birth 

weight infants with a weight recorded at  weight point one, 80.1% 

under went rapid weight gain (Table 18 ).  

Table 18  -  Characteristics of low birth weight Infants  

  Total n=240  

  n (%)  

Gender  Male  
Female  

87 (36.3)  
153 (63.7)  

Gestation  Median  
Range  

38 weeks  
37 -42 weeks  

Birthweight  Median  
Range  

2.36kg  
1.54 ï 2.48kg  

   

Ethnicity  White  172 (71.1)  

 Black  15 (6.3)  

 Pakistani  13 (5.4)  

 Indian  11 (4.6)  

 Asian  5 (2.1)  

 Bangladeshi  2 (0.8)  

 Mixed  12 (5)  

 Not 

Recorded  

10 (4.2)  

   

Pooled Ethnic Code  White  172 (71.1)  

 Black  15 (6.3)  

 Asian  31 (13)  

 Mixed  12 (5)  

 Not Known  10 (4.2)  

   

IMD by Quintile  1 (most deprived)  52 (22)  

 2 86 (36)  

 3 57 (24)  

 4 23 (9.6)  

 5 22 (9.2)  

   

Rapid weight gain  YES 113 (80.1)  
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 NO 28 (19.9)  

 Not known  99  

Loss to follow up  Year  1 99 (41.3)  

 

For the category pooled ethnic code, the cell counts for no rapid 

weight gain for Black and Asian infants were small, less than 5, so no 

further analysis was conducted.  Due to the small cell counts for the 

no rapid weight gain infants in th e individual IMD quintiles, the IMD 

quintiles were converted to two categories; deprived (quintiles 1+2) 

and not deprived (quintiles 3+4+5) and, a chi -square test for 

association was performed.  No significant result was obtained (Ȑ2 

1.888 (df=1)  (Table 19 ).  

Table 19  -  Cross tabulation of RWG and relative deprivation in low 

birthweight infants  

 No RWG n (%)  RWG n (%)  

Most deprived  7 (13.7)  44 (86.3)  

    

Least deprived  21 (23.3)  69 (76.7)  
(Ȑ2 1.888 (df=1) p=0.169)  

 

In the low birth weight cohort, there are 41.3% missing year one 

data.  By IMD quintile almost half of the missing data is from the 

deprived quintiles 1 and 2 (n=48 48%).  Therefore the missing data 

may have a significant effect on the results.  
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2.5  Discussion  

The overall aim of the current study was to investigate the effect of 

social deprivation as measured by the indices of multiple deprivation 

(IMD) on two major risk factors for child obesity; macrosomia and 

rapid weight gain.  By establishing prevalence rat es in a complete 

and representative sample of births the magnitude of these risk 

factors could be examined and their effect on future weig ht status 

examined over the two -year data collection period.  The overall 

prevalence of macrosomia from this present s tudy was 12.2%, higher 

than the national rate  for England and Wales (2008) at  11% [ 160 ] .  

Comparing the prevalence rate with comparable studies identified in 

section 1.3 that examined the relationship between macrosomia and 

risk of childhood overweight/obesity indicates that the prevalence 

rate of the current study is higher than rates previous ly reported;  

Canadian 10.7% [ 26 ] , German 9.47% [ 28 ] .  It has  been reported 

that the in creasing prevalence of macrosomic births in developing 

countries is parallel with the rise in diabetes and obesity in women of 

reproductive age [ 161 ] .  Maternal obesity rates are rising.  A 

nationally representative study, conducted by Heslehurst et al  (2010) 

of maternal obesity in England reports that first trimester maternal 

obesity rates have significantly increased over time, doubling from 

7.6% in 1989 to 15.6% in 2007 [ 49 ] .  Although BMI has not been 

historically recorded in Nottingham City or Nottinghamshire County, 

local authority public health estimates of ma ternal obesity modelled 
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on Heslehurst et al  (2010) data suggests that 17.7% of Nottingham 

City and 16% Nottinghamshire County mothers are obese [ 162 ] .  

Gestational weight gain across all BMI ranges is also associated with 

macrosomia.  Evidence f rom a systematic review and meta -analysis 

of more than one million pregnant women that evaluated the 

association between gestational weight gain and infant outcomes 

reports that 47% of women gained more than the recommended 

weight during pregnancy than adv ocated by the Institute of Medicine 

(IOM) 2009 guidelines [ 163 ] .  For these women the odds of 

delivering a macrosomic infant increased by 1.60 (95% CI 1.46 -1.75) 

compared to those women with the recommended weight gain.  A 

precise estimate of the contribution of maternal obesity to 

macrosomia has been reported by Gaud et et al  (2014) [ 43 ] .  

Following  a systematic review and meta -analysis , the results provide 

convincing evidence of the positive relationship between maternal 

obesity and foetal overgrowth, with a 117% increased odds for 

delivering a macrosomic infant for obese mothers (BMI Ó30kgm2).  In 

mothers with excess gestational  weight gain with a pre -pregnant BMI 

classified as overweight the odds are also increased (OR 2.0, 95% CI 

1.72, 2.32) and for gestational diabetes (OR 1.6 95% CI 1.26, 2.06) 

[ 43 ] . 

There was a 30% increased risk of macrosomia for infants born in the 

moderately deprived quintiles compared with the most deprived.  
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Griffiths et al  (2013) in a cross -sectional UK study of the association 

between area - level deprivation an d adiposity in sec ondary school -

aged children found a similar non - linear association reporting mean 

BMI to peak in the mid - level deprivation areas [ 164 ] .  The non - linear 

relationship between macrosomia and deprivation now drives the 

focus for an explanation for the 30% higher risk of macrosomia in the 

middle quintiles.  

Whilst maternal obesity may be associated with lower socioeconomic 

status, the distribution of macrosomia prevalence may also be a 

reflection of other predisposing risk factors for macrosomia.  Maternal 

age has been associated with a higher risk of macrosomia as the 

metabolic changes that occur with increased maternal age, 

specifically hormonal and endocrine factors might stimulate higher 

foetal growth [ 20 ] .  A Chinese cohort study identified that increasing 

ma ternal age (years) was an independent risk factor for macrosomia 

(OR= 1.09 95%CI 1.03, 1.15) [ 165 ] . Whilst a maternal age of 30 

years or greater was associated with a 50% increased risk of 

macrosomia in a Turkish database study [ 166 ] .  In most developed 

countries women are delaying childbirth to later in life.  Nationally the 

mean age at first birth has risen from 25.2 years in 1986 to 27.4 

years in 2006 [ 167 ] .  Explanations for the postponement include 

delayed marriage and partnership formation, participation in higher 

education and the increasing female contribution to the workforce 

[ 168 ] .  Data from the ONS parental characteristics (2014) identifies 
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that households employed in intermediate  and routine occupations 

had a mean age at first birth of less than 30 years, whilst higher 

managerial, administrative and professional occupations had a mean 

age over 30 years [ 169 ] .  Parity, defin ed as the number of times a 

woma n has given birth to an infant over 24 weeks gestation, and the 

association with macrosomia has been establish ed for many years.  

In a study reported by Sack (1969) , it was identified that the 

fre quency of multiparity was higher in mothers with macrosomic 

infants [ 170 ] .  An Iranian cohort study identified that approximately 

81% of macrosomic infants were born to multiparity mothers [ 171 ] .  

Usta et al  (2017), reported from their cohort study that excluded 

pregnant women with gestational diabetes, that multiparous women 

(>1 child) had a 76% increased risk of delivering a macrosomic infant 

than tho se mothers delivering their first infant [ 166 ] .  Data from the 

Office f or National Statistics indicate  that the average family size in 

England and Wales remains consistent at two, and there is no impact 

of socioeconomic status on family size  [ 172 ] .  Therefore, the 

possibility of increasing maternal age at first birth in the moderately 

deprived area s may have affected the prevalence rate of macrosomia 

by IMD.  

The distribution of macrosomia prevalence may also be due to the 

use of the Indices of Multiple Deprivation (IMD) 2010, as the measure 

of deprivation.  There are limitations to using IMD.  First ly, it is not a 

direct measure of deprivation; it is used to compare areas.  Secondly, 
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as it is an area based measure, which essentially measures 

concentration, it is as such biased against rural areas where 

deprivation is more scattered [ 173 ] .  Rural poverty is an issue in 

Nottinghamshire with 25% of income deprived households living in 

rural areas [ 174 ] .  Alternatives to area deprivation indices are 

individual assigned markers of socioeconomic position, such as social 

class.  Traditionally, social class has been assigned to the individual 

who carries the economic responsibility for the household.  However, 

social class classification by either the Registrar Gene ral or post 1990 

Social class based on occupation exclude s ñunwagedò persons which 

could be women raising children.   

Spencer et al  (1999) compared the use of social class and an area 

based index on the relationship to birthweight in a retrospective 

cohort  study [ 175 ] .  As only 10% of social class data was available 

for married and jointly registered births, the results were based on 

the area based index derived from the total birth population 

compared with the results from the 10% sample of the selected 

group f rom within the same population.  By social class the 

population was divided into the seven groups assigned by the 

Registrar general whilst the area deprivation index was divided into 

deciles.  The results showed that the area deprivation index 

demonstrated  a stronger association with birth weight than social 

class.  Whilst both individual social class and area deprivation can be 

seen as ñblunt instrumentsò for measuring the aspects of 
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socioeconomic status that impact on health [ 176 ] , IMD as a measure 

of deprivation compares not only areas but also the broade r 

characteristics of where the disadvantaged live rather than simply on 

the people who live in those areas themselves [ 177 ] .  Therefore, IMD 

is a key reporting factor of the National Child Measurement 

Programme (NCMP) which monitor s overweight and obesity 

prevalence and trends of child weight status at national and local 

levels.  As discussed in section 2.1, there is a strong association 

between child obesity and deprivation as measured by IMD.  

The results from the logistic regressi on suggest that mothers in 

moderate deprivation have a 30% increased risk of delivering a 

macrosomic infant compared to infants in high deprivation areas 

(Table 12).  Studies of individual countries suggest that 

socioeconomic status (SES) and obesity a re p ositively associated in 

low - income countries, but negatively associated with high - income 

countries [ 178 ] .  Explanations of this reversal in the relationship of 

SES and obesity may also explain the increased risk of macrosomia in 

the mid quintiles presented in the current study.  Broadly, in poor 

countries low SES can be categorised by physical demanding 

employment and a financial insecurity precluding excess food 

consumption.  Conversely , high SES can be categorised by a decrease 

in physical activity and access to excess food [ 178 ] .  In high - income 

countries rising obesity rates in low SES groups can be attributed to 

the decreased cost and increased availability of calorie dense foods, 
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the obesogenic environment [ 178 ] .  For high SES groups in high 

income nations it is suggested that the availability of excess food is 

countered with health behaviours to prevent excessive weight gain 

[ 179 ] .  Therefore, the middle quintiles may fall between these two 

economic groups,  having the economic capacity to consume more 

calorie dense foods, yet having a sedentary occupation and less 

income or motivation to participate in health behaviours to combat 

excess weight gain.  The 30% increased risk of delivering a 

macrosomic infant i n the mid quintiles may , therefore , be as a 

consequence of the distribution of births by IMD quintile.  The more 

deprived quintile may include a higher proportion of younger 

mothers, mothers with low birthweight infants and mothers wh o have 

health behaviou rs which a ffect foetal growth such as smoking.  

Alternatively, the distribution may be an artefact representing the 

population of Nottinghamshire.  

Further results for the risk factors for macrosomia included male 

gender, gestation and Asian ethnicity.  Re sults from the logi stical 

regression (section 2.4.4 ) show that males were found to be 1.9 

times at greater risk than female infants.  This result is equivalent to 

the study carried out by Ehrenburg et al  in 2004 [ 31 ] , who reported a 

1.9 times increased risk of macrosomia for male infants.  Increasing 

gestation was associated with a 1.4 greater risk of macrosomia as 

discussed in section 1.3.  A further result indicates that Asian 

ethnicity may be a protective factor against macrosomia with the risk 
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reduced by 50%.  Infants of UK born South Asian origin are known to 

have lower birthweights than their White British p eers and on 

average are 200 -300g lighter at birth [ 180 ] .  One possible fa ctor for 

the protective effect of Asian ethnicity on macrosomia may be that 

large for gestational age (macrosomia) infants are misclassified in 

minority ethnic groups.  The current UK1990 birthweight charts are 

based on data from White British infants [ 61 ] .  A UK study that 

developed specific birthweight charts for the South Asian population 

in a single NHS trust, also estimated the misclassification of South 

Asian infants using the current UK1990 birthweight chart [ 180 ] .  The 

study reported that using ethnic -specific birthweight charts identified 

that 6.9% (n=379) of large for gestational age South Asian infants 

would not have been identified by the UK1990 charts.  To assess the 

impact on South Asian m acrosomia classification, a sub -analysis of 

150 diabetic mothers was performed.  For those infants , the ethnic -

specific birthweig ht charts identified 27 large for gestational infants 

compared to the 18 identified by the UK1990 chart.  Although there is 

clear evidence that UK -born South Asian infants are lighter at birth by 

across all gestational ages compared with White British infa nts, it is 

currently unclear whether ethnic -specific weight centile charts would 

be transferable to all populations of South Asians living in the UK.  

Therefore, no reclassification of macrosomia for the Asian infants 

included in the present study was unde rtaken, which may have 

underestimated the prevalence of macrosomia in Asian infants.  
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Comparisons of macrosomia prevalence for NHS Nottingham City and 

NHS Nottinghamshire County emphasises the differences in the two 

geographical areas.  Nottingham City has a much lower macrosomia 

prevalence rate of 9.6% compared to NHS Nottinghamshire at 

13.2%.  Ethnic diversity may account for the reduced prevalence rate 

in Nottingham City, as unlike Nottinghamshire County which has a 

86% White population comparable to the total population, 

Nottingham City is more ethnically diverse.  From the study data 60% 

are recorded as White and 15.6% Asian, consequently the protective 

effect of Asian ethnicity may have reduced the macrosomia 

prevale nce rate in Nottingham City and /or we  may have 

underestimated the prevalence of macrosomia in Asian infants.  

The evidence that early rapid weight gain is a major factor in child 

obesity is robust [ 7, 181 ] .  In the present study , the overall 

prevalence of rapid weight gain (an increase of >0.67 in weight - for -

age z score) from birth to weight point one is 29.7%.  Infants in 

Nottingham City were more likely to undergo rapid weight gain 

compared to those in Nottinghamshire County (31.7% compared with 

27.6%).  Comparable prevalence rates are elusive.  One North 

Americ an study reported prevalence rates of rapid weight gain 

bet ween birth and 12 months as 16.7 % assessed against the WHO 

growth standards [ 182 ] .  However, the apparent high rates of rapid 

weight gain in the first year are matched with the overweight and 

obese prevalence rates record ed by the National Child Measurement 
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Programme (2012/2013), when the children included in the research 

cohort would have attended Reception class.  For Nottingham City , 

23% of children aged 4 -5 years were overweight or obese compared 

to 21.3% in Nottingham shire County [ 183 ] . 

Socioeconomic status has been strongly associated with overweight 

and obesity in children [ 10 ] .  The univariate a nalysis from this study 

identifies  that 53.5% of rapid growth in fants reside in quintile 1 and 

2, the most deprived areas.  However, these infants represent only 

16.2% of the children with year one data, as quintile 1 an d 2 

constitute 51.5% of the loss  to follow up year one cohort, which may 

have underestimated the eff ect of socioeconomic inequality on rapid 

infant weight gain.  

Demographic risk factors for rapid weight gain were identified as 

lower birthweight, lower  gestational age and pooled Asian ethnicities.  

Following adjustment for low birthweight, lower birthweig ht appears 

to be associated with an 88% increased risk of rapid weight gain.  

The results from the univariate analysis identified that the proportion 

of infants born at ñtermò (37-40 weeks) that underwent rapid weight 

gain was statistically significantly h igher than those bor n post - term 

(41 -43 weeks).   Decreasing gestation also appears to slightly 

increase the risk of rapid weight gain by 10%.  As both decreasing 

birthweight and gestation increase the risk of rapid infant weight 

gain, one explanation may be that these infants are using a survival 
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mechan ism to ñcatch upò on growth with an abnormally high velocity 

until the original or normal growth trajectory is reached [ 53 , 184 ] .  

However, Ong et al  (2000) identifi ed that children who showed catch 

up growth between birth and two years were heavier, taller and had a 

greater body fat distribution at five years than other children [ 74 ] .  

This suggests that in affluent societies the biological predisposition to 

catch up on growth following uterine restraint may result in an 

acceleration of growth greater than the genetic trajectory.  Infants 

with a birthweight less th an 2500 grams birthweight were excluded 

from the main research cohort but incorporated into a separate low 

birthweight cohort.  Of the 141 infants with data at weight point one 

81% had undergone rapid weight gain classified as a change in 

weight for age z score >0.67.  

Rapid weight gain may be associated with feeding style.  There is 

compelling evidence that suggests that parental feeding styles which 

encourage overfeeding by either pressurising food intake or using 

food to regulate emotions raise the risk o f excess weight gain by 

undermining the childôs ability to self-regulate food intake [ 92 , 185 , 

186 ] .  Pressurised feeding st yles as discussed in section 1.4  have 

been associated with excessive we ight gain in infancy [ 91 , 92 ] .  

Using food to regulate a childôs emotions particularly in infancy when 

the child is dependent on others to soothe distress can also be 

characterised as ñfeeding to sootheò [ 187 ] .  Evidence from a North 

American longitudinal study on parental use of feeding to soothe 
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(FTS) including the relationship bet ween FTS and weight change 

between six and eighteen months identified a positive association 

[ 187 ] .  The infants of mothers w ho were observed to use FTS were 

initially lighter but gained weight more rapidly by eighteen months 

than those infants whose mothers were not observed to use FTS.  

The mothers who self - reported to use FTS were found to be 

breastfeeding longer than mothers  who reported little or no use of 

FTS.  There is evidence to suggest that mothers of infants are less 

experienced at reading infant cues of hunger than mothers of older 

children and report that infant crying or fussing signals hunger, 

especially if breastf eeding [ 188 , 189 ] .  The consequences of the use 

of food to soothe infant distress may lead to a pattern of fee ding 

behaviour in which the child associates food with other states other 

than hunger.  This association may compromise the childôs ability to 

interpret hunger and satiety cues thereby increasing energy intake.  

Alternatively, an emotional eating style may  develop which has been 

identified as an obesogenic feeding trait (i.e. food to soothe), a poor 

diet and weight gain [ 187 , 190 ] . 

Pooled Asian ethnicity appears to be protective against rapid weight 

gain with a 30% reduced risk.  The influence of race, ethnicity , and 

culture on infant feeding and attitude to infant size may also influence 

rapid infant weight gain.  
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For those children with data at weight point one (approximately 12 

months of age), the current study ide ntified that macrosomic infants 

in quintiles 1 and 2 had twice the risk of having rapid weight gain 

compared to the macrosomic infants in the less socially deprived 

areas.  

So although there may not be an increased risk of macrosomia in the 

most deprived ar eas, if infants are macrosomic they are also more 

likely to gain weight rapidly.  This could be a r eflection of the effect of 

over nutrition in utero which has been recognised to programme 

permanent changes to infant appetite [ 191 ] , and differences in 

parental feeding styles.  Breastfeeding is suggested to  be protective 

against rapid weight gain [ 82 ] , however , the rates of breastfeeding 

vary with socioeconomic status [ 192 ] .  Routinely collected data on UK 

infant feeding at PCT level for 2010 -2011 was analysed by Oakley et 

al  (2013) to identify the sociodemographic factors associated with 

variation in area -based breastfeeding rates in England [ 192 ] .  Whilst 

the prevalence of breastfeeding initiation in non -London PCTs was 

reported as 72% thi s fell to 32% for exclusive breastfeeding at 6 -8 

weeks.  By socioeconomic status (SES) the proportion of mothers 

breastfeeding decreases as deprivation increases with the odds ratio 

for the association between SES and initiation of breastfeeding 

outcome in  the most deprived quintile reported as 0.5 (95%CI 0.41 -

0.61) compared with the least deprived quintile [ 192 ] .  This suggests 

that approximately a third of low SES mothers residing in England 
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initiate breastfeeding.  Parental pressure to eat has been reported to 

negat ively impact on a childôs association with food [ 193 ] .  Negative 

associations with food may influence eating behaviour and impact on 

weight gain [ 194 ] .  Cardel  et al  (2012) reported that parental feeding 

practices differ across socioeconomic status (SES), with controlling 

parental feeding style being more prevalent in lower SES compared to 

higher SES [ 194 ] .  Clarifying the contribution of SES to paren tal 

feeding styles would be important in informing recommendations and 

developing interventions to prevent rapid weight gain.  

At weight point two (approximately 24 months of age), 23% of 

children were classified as being heavy, defined as being on or above  

the 91 st  centile gender -specific weight for age.  For those infants that 

underwent rapid weight gain in the first year of life, 27.2% were 

classified as being heavy at weight point two.  However , data was 

only available for 25% of the research cohort.   

A major challenge in identifying infants with a high risk for future 

obesity is the lack of consensus for the classification of obesity in 

infants under the age of two [ 195 ] .  Currently , weight - for - length 

(WFL) is the anthropometric standard for children under the age of 

two.  Unfortunately for the infants included in the current study 

length measurements are  not recorded centrally.  Growth in the first 

two years of life is characterised by a gradual deceleration of both 

linear growth velocity and rate of weight gain.  During this period, 
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infants exhibit the pattern of growth homogenous to their genetic 

backgr ounds [ 196 ] .  Therefore excessive weight gain, irrespective of 

length, remains a strong risk factor for later obesity.  

For the children with complete data at birth, weight point one and 

two, both increasi ng birthweight (kg) and rapid weight gain increased 

the odds of being heavy at weight point by 3.93 and 2.35 

respectively.  Pooled Black ethnicity appears to increase the risk of 

being heavy at 2 years by 3.69.  However, evidence from the UK 

CHASE study id entified differences in body size and adiposity in the 

Black African -Caribbean population.  The study found that when 

compared with White children, Black African -Caribbeanôs were on 

average markedly taller and heavier.  Mean weight, BMI and weight -

for -heig ht indices also tended to be higher.  Once height was 

controlled for there was little difference between the Black and White 

populations.  Therefore by using  non -specific ethnic weight - for -age 

centiles,  overweight at age 2 may have been overestimated for the 

pooled Black category.  There was no association with relative 

depriv ation.  This suggests that over nutrition of the infant pre and  

postnatally and a continued exposure to an obesogenic environment 

continues to have an effect on weigh t gain irrespective of 

socioeconomic status.  

In summary , the key findings from the current study indicate that the 

combined research cohort had high prevalence rates of both 
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macrosomia and rapid weight gain.  No clear linear relationship was 

identified bet ween macrosomia and deprivation and infants in the 

most deprived quintile have low rates of macrosomia.  However, 

infants  in quintiles one and two have  higher rates of rapid weight gain 

(OR=1.2: 95% CI 1.06 -1.35).  Although infants with macrosomia 

have lower rates of rapid weight gain, the current study identified 

that macrosomic infants in quintiles one and two had twice the risk of 

having rapid weight gain compared to macrosomic infants in the less 

socially deprived areas.  

Rapid infant weight gain was used as a proxy for overweight and 

obesity at weight point one.  Data from the 2012/2013 National Child 

Measurement Programme for Nottinghamshire which te mporally 

represents the age of which the research cohort would be attending 

reception class at age 4 -5 years the prevalence of overweight/obesity 

is reported to be over a fifth.  This indicates that overweight identified 

in infancy is reflected in the earl y childhood overweight/obesity rates.  

Therefore, the area of interest is why infants in the research cohort 

have a high rate of rapid weight gain?   

As infants are wholly dependent on caregivers to meet their 

nutritional needs the behaviours of th e indivi dual caregivers require  

further investigation to explore the beliefs and attitudes of feeding 

infants at risk of early childhood overweight or obesity.  This would 

lead to an understanding of how to introduce healthy behaviours and 
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mitigate unhealthy belie fs.  Capturing data which explores the 

experiences of caregivers with infants at risk of overweight or obesity 

would be able to inform the development of early interventions to 

reduce the risk of overweight and obesity and understand the 

environmental fact ors which may contribute to that risk.  

2.6  Strengths and Limitations of the research  

The strength of this research is that b y establishing prevalence rates 

in a complete and representative sample of births the magnitude of 

these risk factors and their effect on future weight status  could be 

examined over the two -year data collection period.  

The routine data collected presented several limitations.  Firstly 

length was not routinely collected and therefore the calculation of 

rapid weight gain was based on gender -specific weight for age 

measurements rather than BMI for age/gender.  However, we used 

the international standards developed by the WHO to calculate the Z 

scores and to identify rapid weight gain and overweight/obesity at 

weight point two, thereby enablin g more meaningful comparisons 

across the cohort.   The high levels of missing data at weight point  

one and two were reported as per the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) guidelines [ 197 ]  

(Appendix 4 ).   However, as we were unable to predict the growth 

trajectory of the infants with missing data a degree of caution is 

required when interpreting the prevalence estimates.  The lack  of 
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maternal  measurements in particular pre -pregnancy BMI meant that 

we were unable to analyse maternal overweight or obesity as a 

potential risk factor.  
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3  CHAPTER THREE  

Study Two ï Qualitative ï Parentsô beliefs about feeding 

infants and caring for infants with risk factors for child 

obesity.  

3.1  Introduction  

Both macrosomia and rapid infant weight gain are positively 

associated with an increased risk of obesity in childhood [ 102 ] .  

Evidence from study one identified that in an area with a high rate of 

child obesity the re were substantial rates of rapid weight gain and 

macrosomia.  The prevalence of rapid weight gain in this study was 

nearly 30%, whilst macrosomia was found to be  12%.  Overall 38% 

of the sample had rapid weight gain or macrosomia.  Infants with 

macrosomi a in quintiles 1 and 2 were more likely to also have rapid 

weight gain than infants in the less deprived quintiles .   

Parental feeding practices have been implicated in increasing obesity 

risk by influencing the early entrainment of appetite control [ 131 ] .  In 

addition, for macrosomic infantsô over nutrition in utero has been 

recogn ised to programme permanent changes  to appetite/satiety and 

energy  regulation  [ 191 ] .  Rapid growth in the first months of life is 

associated with an increased obesity risk across the whole life course 

[ 198 ] .  Genomewide association studies (GWASs) have discovered 

genetic variants that predispose children to a higher body ma ss index 

[ 132 ] .  The UK Gemini population twin cohort study examined the 
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associations between infant satiety and food responsiveness with 

weight gain in a sample of 288 same -sex non - identical (dizygotic) 

appetite -discordant twin pairs [ 199 ] .  Using the co - twin design 

prohibited confounding by any factors that influenced both appetite 

and weight gain such as the constitution of breast milk, the feeding 

environment and maternal biases in reporting on appetite.  The study 

iden tified that the twin with the greater appetite, lower satiety 

responsiveness (SR) and higher food responsiveness (FR), gained 

weight more rapidly.  From birth the differences emerged quickly and 

at three months, the twin with the higher appetite was alread y 

heavier than their sibling with the lower appetite, (mean = 0.392kg 

[95% CI 0.243 ï 0.541 kg]) for SR and (mean = 0.370kg [95%CI 

0.169 ï 0571kg]) for FR.  Appetite was not related to weight at birth.  

Consequently, infants with established obesity risk f actors such as 

macrosomia and rapid weight gain may be particularly vulnerable to 

the obesogenic environment and therefore may be more responsive 

to early prevention interventions targeting the identification of satiety 

cues and food responsiveness [ 132 ] . 

3.2  Responsiveness to hunger cues  

Interventions designed to help parents understand responsiveness to 

infant cues may be effective in reducing the rate of weight gain in the 

first two years [ 200 ] .  Published in 2008, Kavanagh et al  conducted a 

double blind, randomised educational intervention in order to assess 
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the effect on infant formula intake and weight gain.  Recruiting only 

formula fed infants the intervention consisted of a single 45 -60 

minute class run at a Women, Infant and Children (WIC) clinic in 

California, North America.  The intervention consisted o f three key 

messages 1) awareness and responsiveness to infant satiety cues; 2) 

reduction of feed volumes and 3) via handout and audio visual 

presentation techniques for calming a fussy baby.  The target sample 

size was 125 per group n=250, calculated to a llow detection of a 

difference in formula intake between the two groups of 110 ml, 

allowing for up to 25% attrition.  However, despite 214 caregivers 

meeting eligibility, only 61 were randomised and in the intervention 

group only 18 completed the study.  O nly infants with complete data 

were included in the final analysis.  The results identified that the 

infants in the intervention group had a greater final weight than the 

control group, mean unadjusted weight 7262g (intervention) 

compared to 6715g (control ) despite similar daily formula feed intake 

1119 mls/24 hrs (intervention) compared to 1115 mls/24 hrs 

(control).  The authorsô of this study report that the greater weight 

gain in the infants within the intervention group was contrary to the 

hypothesis an d may reflect a random error.  However, there was a 

large reported increase in formula intake from 800 mls to over 1100 

mls, which is reported to be greater than the daily amount observed 

with breastfeeding infants during the same age interval and suggests  
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that both the intervention and control groups were being overfed by 

the end of the study [ 201 ] .  

The North American SLIMTIME pilot study enrolled only mothers who 

intended to exclusively breastfeed and incorporated two 

interventions: i) reduc ing feeding to soothe practices (ñsoothe to 

sleepò) and ii) education on hunger and satiety cues (ñintroduction of 

solidsò) delivered by nurses at two home visits [ 202 ] .  Recruitment 

included 160 mothers and singleton infants with a minimum gestation 

age of 34 weeks from a single maternity unit.  The primary outcome 

for the study was weight - for - length percentile at one year.  The 

participants were randomised into one of four groups: no 

intervention, ñsoothe to sleepò, ñintroduction of solidsò or both 

interventions.  Randomisation was stratified by maternal pre 

pregnancy BMI of either below 25 kgm 2 or above 25 kgm 2.  Although 

the rationale is not stated in the research article, it is surmised that 

the sample is stratified because the intervention may be m ore 

effective where mothers have a BMI of over 25 kgm 2.  However, no 

sub group results were presented.  The generalised results identified 

that those infants in the ñsoothe to sleepò intervention group gained 

weight more slowly  than the nil intervention gr oup, whilst the results 

for the ñintroduction of solidsò or a combination of both interventions 

were insignificant.  Comparisons of the frequency of feeds, both the 

total  number of daily feeds  and num ber of nocturnal feeds  for those 

infants exclusively breast fed receiving the ñsoothe to sleepò 
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intervention were significantly lower than the infants who were mix or 

formula fed.  Using the data from the 110 infants who completed the 

study, those who had received both interven tions had a lower mean 

weight - for - length (33 rd  percentile) than those receiving either the 

ñsoothe to sleepò (50th  percentile) or ñintroduction to solidsò (56th  

percentile) only.  The control group mean weight - for - length was 

reported at the 50 th  percentile .  However, attrition from this study 

was quite high, with only 69% of the mother - infant dyads completing 

the study.  As a consequence of the attrition, in addition to the 

analysis of the complete data, the weight for length percentile data 

for those attri tion infants who had growth data from the second home 

visit occurring between four and  six months were estimated for 1 

year, resulting in a complete data set.  Those infants with only weight 

data from the first home visit occurring between two and three w eeks 

were not included in this analysis.  A comparison between the 

demographic and anthropometric characteristics of the two groups 

was stated to have been undertaken.  Although the characteristics of 

both groups are not published, the authors report that the mothers of 

the attrition group were significantly younger and less educated at 

baseline.  The mothers were also more likely to be single, non -White 

and in receipt of a means tested health and medical service 

programme (Medicaid) compared to the mothers  who participated 

through to the one -year study visit.  
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An Australian cluster randomised trial assessed the effect of a parent 

focused intervention on infant obesity risk behaviour and BMI [ 203 ] .  

Recruiting first time parents from parent support groups, n=542 

par ents and their infants were randomised to either an intervention 

group of six two -hourly dietitian delivered sessions over 15 months or 

the control group in which parents received six newsletters on non -

obesity themes.  The primary outcome was child diet ( three 24 hour 

recall diaries) which identified a reduction in sweet snack 

consumption in the intervention group .  BMI z scores were recorded 

as secondary outcomes.  The results identified no impact on growth 

at 20 months.  Unlike the SLIMTIME pilot study, the reported lost to 

follow up rates were low with 10% (n=27) in the control group and 

8% (n=21) in the intervention group.  The sample size was calculated 

with an assumption of 80% power and type 1 error of 5% (2 tailed), 

each arm requiring 160 participan ts.  As data were not available to 

inform estimates of cluster or individual attrition, the study 

purposefully over recruited to each arm with 542 children 

randomised.  However, missing data in the form of the diet recall 

diaries (primary outcome measure) were reported as n=50 (10%) 

mid - intervention and n=83 (17%) post - intervention.   

A further Australian randomised controlled trial, the NOURISH study, 

evaluated the outcomes of a universal intervention to promote 

protective feeding practice commencing in in fancy to prevent 

childhood obesity [ 204 ] .  First time m others and their infants 
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allocated to the intervention group attended two modules comprising 

of six interactive group sessions that provided anticipatory guidance 

on early feeding practices.  The control group continued to access 

normal care.  The outcome at two years identified a lower mean 

weight (kg) and BMI z scores for the intervention group, but this 

difference failed to reach significance (p=0.10).  However, non -

responsive feeding practices were found to be reduced in the 

intervention gro up .  The NOURISH study addressed attrition and 

anticipated a 35% attrition rate which was incorporated into the 

sample size calculation.  At follow up, the total final attrition rate was 

22% (n=157).  An intention to treat approach analysis was used as 

far as the m issing data permitted and no imputations were made.  

Withdrawal was reported to be higher among younger and less 

educated mothers (number not stated).  Whilst there was an attempt 

to ascertain the reasons for withdrawal, only 40 (25%) responses 

from mother s are included in the report.  

It would appear that the two trials focusing on infant feeding 

practices including feeding to soothe in infancy, SLIMTIME and 

NOURISH showed promise on parental behaviour and rate of infant 

weight gain.  Both of these trials i ncorporated guidance on responsive 

feeding in the intervention group.  However, for the SLIMTIME trial 

the first intervention visit occurred between 2 and 3 weeks after 

birth, whilst the NOURISH trial commenced between 4 and 7 months.  

Evidence from the Fe eding Infants and Toddlers Study (FITS) 
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emphasises that breastfeeding plays a significant role in the 

development of a childôs response to internal hunger and satiety cues 

and may foster the development of a self - regulatory ability during 

feeding [ 205 ] .  Therefore, the early inte rvention evaluated in the 

SLIMTIME study may have promoted the self - regulatory ability of the 

infants in the ñsoothe to sleepò intervention arm by educating parents 

shortly after birth.  However, both the NOURISH and SLIMTIME 

studies were both universal in terventions offered to all parents 

irrespective of maternal obesity status or child obesity risk.  It may 

be that infants with established obesity risk factors may be 

particularly vulnerable to the obesogenic environment and therefore 

these infants may be more responsive to early prevention 

interventions.  

The ProAsk feasibility study was designed to identify infants at risk of 

overweight and provide the parents of infantsô with the greatest risk 

strategies to prevent overweight [ 206 ] .  The Proactive Assessme nt of 

Obesity Risk during Infancy (ProAsk) is a novel interactive digital 

technology intervention designed to equip Health Visitor s (HVs) with 

an individual infantôs risk of future overweight and to support 

discussions with parents.  This study identified significant problems 

with recruitment and protocol adherence.  The ProAsk study screened 

for eligibility 324 infants of which 66 (20%) parent - infant dyads 

consented to participate [ 206 ] .  These figures are comparable with 

the NOURISH trial in which 3334 eli gible participants met the 
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inclusion criteria, but only 698 (21%) of the parent - infant dyads 

consented to participate [ 204 ] .  In total the ProAsk study retained 

51% (n=34) of the participants for the duration of the study.  As 

identified in all the intervention studies discussed earlier, the ProAsk 

study recruited more than expected numbers of mothers with degree -

level educati on [ 202 -204 , 206 ] .   

The ProAsk study identified a number of barriers to recruitment and 

protocol adherence and these pertained to both individuals and the 

health care professional teams.  At an individual level, 88 participants 

declined to take part in the study; the main rea son cited was a ñlack 

of interestò in the intervention.  Qualitative data analysis of the 

interviews conducted with members of the health care professionals 

identified concerns with assessing and communicating overweight risk 

to parents of infants.   

Succe ssful recruitment and retention are critical for evaluating 

intervention effectiveness in clinical trials that address childhood 

obesity. However, the recruitment and retention of participants is 

challenging in interventional studies [ 207 ]  as demonstrated in the 

reviewed research.  The community based  interventional studies all 

sought to modify parental behaviours on an aspect of infant feeding.  

The behaviours identified were without exception identified as 

po tential modifiable factors in the prevention of early overweight/ 

obesity from previous research studies.  With the exception of Redsell 
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et al  (2017) [ 206 ]  who used behavioural strategies identified in a 

systematic review to develop the therapeutic wheel, no  theoretical 

underpinnings of behaviour change theory were incorporated in the 

remaining research designs  

3.3  Health behaviours  

The study of behaviours that influence health and the factors 

determining which individuals will and will not perform such 

behaviours is a key area of research within health psychology [ 208 ] .  

The justification for the study of health behaviours is based on two 

assumptions:  

1.  In industrial countries the major causes of death are due to a 

parti cular behaviour  

2.  These behavioural patterns are modifiable (Conner and Norman 

2005 [ 208 ] ).  

Whilst health behaviours have been defined as ñany activity 

undertaken by a person believing him/herself to be healthy for the 

purpose of preventing disease or detecting it at an asymptomatic 

stageò [ 209 ] .  Conner and Norman (2005) argue that this definition 

neglects those lay or self -defined health behaviours and excludes 

activities carried out by an individual with a recognised illness t hat 

are directed at self -management [ 208 ] .  As such, Conner and 

Norman (2005 page 2) su ggest that a broad definition of health 

behaviours should include any activity undertaken for the prevention 
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of disease, detecting disease or for improving health and well -being 

[ 208 ] . 

A variety of factors account for the individual differences in the 

propensity to undertake health behaviours and these include:  

1.  Demographic factors  

2.  Social factors  

3.  Emotional factors  

4.  Perceived symptoms  

5.  Access to medical care  

6.  Personality factors  

7.  Cognitive factors [ 210 , 211 ]  

Demographic factors such as age, gender, socioeconomic and ethnic 

status show reliable associations with health behaviours.  Evidence 

from Study One indicates that male infants (63%) of White ethnicity 

(83%) residing in the most deprived quintiles (47 %) had the greatest 

prevalence of macrosomia.  Whilst Asian infants had a 50 % reduced 

risk.  Over half (53%) of the rapid weight gain infants included in 

Study One combined research cohort resided in the most deprived 

quintiles.  Social factors such as par ental influences are important in 

instilling health behaviours in early life [ 208 ] .  Ad ditionally cultural 

factors in particular ethnicity which is used to categorise individuals, 

families and social groups on the basis of shared characteristics such 

as language, ancestry, religious traditions, dietary preferences, and 
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history, also influenc e health behaviours [ 143 ] .  Data from the 

National Child Measurement Programm e, England (2012 -2013) 

identified that compared to White children at reception class age 

(8.6%) a greater prevalence of obesity was found in Mixed (9.7%), 

Asian (10.3%) and Black (15.5%) ethnic groups [ 183 ] .  Perceived 

symptoms will control health behaviours, however, as discussed later 

in this chapter, heavy or ñbonnyò babies are viewed as being normal 

and healthier than leaner infants [ 212 , 213 ] .  Accessibility to health 

services for preschool children in England is addressed as part of the 

Department of Health, Healthy Child Programme, ñPregnancy and the 

first five yearsò Core Universal Programme [ 214 ] , yet both the ProAsk 

(n=3) and NOURISH studies (n=146) had parents who cited lack of 

access to health services as a reason for not enrolling or continuing 

with study participation.  Personality factors have either been 

positively (i.e. optimism) or negati vely associated with health 

behaviours and there is considerable evidence to link personality with 

behaviour [ 215 ] .  Early child personality traits have been identified as 

a possible longitudinal predictors of obesity [ 216 ] .  Anzman and Birch 

(2009) demonstrated that low inhibitory control in a cohort of 197 

Caucasian girls was associated with a higher weight gain and BMI at 

aged seven compared to children with a high inhibitory control [ 217 ] .  

Finally, cognitive factors also determine whether or not an individual 

undertakes health behaviours.  Social cognition factors, incorporating 

beliefs, attitudes and kn owledge are enduring characteristics of the 
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individual which shape behaviour and are acquired through the 

socialisation process [ 208 ] .   

3.4  Social cognition models  

Social cognition models describing key cognition variables and their 

inter - relationships in the adjustment of behaviour have been 

developed and extensively applied to the understanding of health 

behaviours [ 208 ] . 

There are five major social cognition models that show a number of 

simila rities and differences (F igure 2 ).  

Figure 2  -  Social Cognition Models  

 

 

 

 

 

The HBM (Becker 1974), is based on four core constructs (discussed 

in detail later in the chapter), two referring to a particular disease, 

whilst the other two refer to a possible course of action to reduce the 

risk of that disease [ 218 ] .  PMT (Rogers 1983), was developed to 

explain how people respond to a fear -arousing health communication 

and is regarded as an adaption of the HBM.  The protection 

1. The Health Belief Model (HBM)  

2. Protection Motivation Theory (PMT)  

3. Self -efficacy Theory (SET)  

4. The Theory of Reasoned Action (TRA)  

5. The Theory of Planned Behaviour (TPB)  
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motivation refers to the i ndividualôs motivation to protect themselves 

against a health threat (intention to adopt the recommended action).  

There are four main determinants of intention specified by PMT; 

vulnerability and severity, response efficacy and perceived self -

efficacy [ 219 ] .  Self -efficacy theory is a subset of Banduraôs (1986) 

social cognitive theory which incorporates two key determinants of 

behaviour perceived self -efficacy (confidence) and outcome 

expectancies.  Outcome expectations refer to both the perceived 

positive a nd negative consequences of undertaking the behaviour 

[ 220 ] . The TRA assumes that most behaviours of social relevance are 

under volitional control and that an individualôs intention to perform 

the behaviour is both the immediate determinant and the single best 

predictor of that behaviour [ 221 ] .  The intention is held to be a 

function of two basic determinants: the individualôs attitude towards 

the behaviour and the perceived expectations of the individualôs 

significant others should the individual undertake the behaviour.  The 

TPB, is an extension of the TBA to in clude behaviours that are not 

entirely under volitional control and as such the variable ñperceived 

behavioural controlò was added.  This additional variable refers to the 

perceived ease or difficulty of performing the behaviour and is 

assumed to reflect o n past experiences and the individualôs 

perception of anticipated obstacles [ 222 ] .  As infants a re wholly 

dependent on their primary caregivers for all their needs, the social 

cognition model of choice requires the flexibility to incorporate the 
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health behaviours of an individual i.e. a mother and the impact of 

those health behaviours on another indi vidual i.e. an infant.  

The Health Belief Model was originally developed as a systematic 

model to explain and predict preventative health behaviours.  

Originally the focus was on the relationship of health behaviours, 

practices , and utilisation of health se rvices.  The model is influenced 

by the theories of Kurt Lewin who states that it is the world of the 

perceiver that determines what an individual will and will not do 

[ 223 ] .  The original Health Belief Model introduced by Rosenstock 

(1966) was based on four constructs of core beliefs on which 

individuals based their perceptions:  

1.   Perceived susceptibility (an individual's assessment of their risk 

of getting the condition).  

2.  Perceived severity (an individual's assessment of the 

seriousne ss of the condition and its potential consequences).  

3.  Perceived barriers (an individual's assessment of the influences 

that facilitate or discourage adoption of the promoted 

behaviour).  

4.  Perceived benefits (an individual's assessment of the positive 

conseque nces of adopting the behaviour) [ 224 ] . (Adapted from 

Tuzova 2009 page 1).  

 



118 
 

The model attempts to predict the likelihood of an individualôs 

concern to adopt a recommended health action.  The Health Belief 

Model highlights only individual cognitions and not the social content 

of these cognitions [ 224 ].  The Health Belief Modelôs effectiveness in 

predicting and explainin g behaviour has been well documented in one 

critical review and two meta analyses over the last three decades: 

Janz and Becker (1984); Harrison, Mullen and Green (1992) and 

Carpenter (2010) [ 225 -227 ] .  

Published in 198 4, the Janz and Becker review was not a meta -

analysis in the traditional sense because it counted statistically 

significant relationships rather than estimating mean effect sizes, 

therefore the article has been categorised as a critical review  [ 225 ] .  

Janz and Becker present a critical review of twenty nine Health Belief 

Model related investigations published during the period 1974 -1984 

[ 225 ] .  The review criteria included:  

1.  Only Health Belief Model - related investigations published during 

the period 1974 -1984.  

2.  The studies needed to include at least one behavioural outcome 

measure.  

3.  Only findings concerning the relationship of the four 

fundamental  health belief dimensions to behaviours were 

reported.  

4.  Limited to medical conditions only.  
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As the current study aims to identify possible modifiable parental 

health behaviours to reduce the prevalence of early childhood 

obesity, the following discussion of  Janz and Beckerôs (1984) review 

focuses on the preventive health behaviour, particularly risk - factor 

behaviours.  Within the results for the preventive health behaviours, 

the authors report that three of the four constructs of core beliefs 

were consistent ly associated with positive outcomes and include 

ñsusceptibilityò, ñbenefitsò, and ñbarriersò.  However, ñseverityò was 

shown only to be significant in approximately one third of the studies 

reviewed.  It is speculated by the authors that for perceived sev erity 

the study respondents may have difficulties in conceptualising this 

dimension.  The reasons suggested are that the study respondents 

are asymptomatic, view the health condition as long standing and is a 

medical condition for which the respondents hav e no or very little 

personal experience.  

For the current study, as discussed in section 3.4 the results from 

Janz and Becker (1984) identify that in order for a health behavioural 

intervention to be effective, parents of at risk infants will need to 

recogn ise that it has been clearly identified that overweight/obesity in 

infancy tracks into early childhood [ 26 , 68 , 69 ] .  Parental perception 

of the perceived severity of early childhood obesity may be related to 

the difficulties conceptualizing this dimension as discussed by Janz  

and Becker (1984) [ 225 ].  Therefore the ñbonny babyò in infancy is 
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not perceived as a potential health risk by a parent that has the 

potential to track into all life stages.  

Harrison et al  (1992) c onducted a meta -analysis of the relationships 

between the four Health Belief Model dimensions, susceptibility, 

severity, benefits and costs and health behaviours in sixteen studies 

that measured all four of the dimensions [ 226 ] .  Th e inclusion criteria 

also required a measured behavioural depend ent variable, a 

measurement  of reliability and criteria for establishing validity of the 

dimensions.  The Cronbach alpha values are reported as a range for 

the four dimensions and suggest Ŭ=0.47 (poor) to Ŭ=0.91 (excellent) 

measures of reliability for the included studies survey tools.  Using 

effect sizes, the meta -analysis identified significant positive 

relationships between the Health Belief Model dimensions and health 

behaviours.  However, it is reported that although Health Belief Model 

dimensions labels were used in the sixteen incorporated studies, it is 

possible that they measured different constructs.  In this meta -

analysis the dimension ñbarriersò as used in the Janz and Becker 

(1984) article, has been replaced with ñcostò reflecting the revision of 

the Health Belief Model by Becker and Maiman in 1975 [ 228 ] . 

Published in 2010, Carpenterôs article evaluates the accuracy of the 

direct effects of the Health Belief Model, by undertaking a meta -

analysis of longitudinal studies [ 227 ] .  The Health Belief Model 

construct is specified as ñif individuals perceive a negative health 
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outcome to be severe, perceive themselves to be susceptible to it, 

perceive the benefits to behaviours that reduce the likelihood of that 

outc ome to be high and perceive the barriers to adopting those 

behaviours to be low then the behaviour is likely for those individuals 

(Carpenter 2010 pg 661).  Eighteen studies were included to 

determine whether measures of these beliefs could longitudinally 

predict behaviour.  Benefits and barriers emerged as the strongest 

predictors of behaviours.  Severity was a weak predictor and as 

discussed previously with the Janz and Becker (1984) paper may 

reflect difficulties in the study participants conceptualizing  the 

dimension.  Susceptibility was found to be almost always unrelated to 

behaviour and Carpenter (2010) suggests that one possible 

explanation is that study participants who already have a disease do 

not vary their perception of susceptibility.  The comm onality between 

the critical review and the meta -analyses is that the benefits to and 

barriers against adopting a behavioural change are strong predictors.  

The effects of susceptibility and severity may be moderated by each 

other, as an individualôs perceived susceptibility to an illness or 

disease will be less strongly associated with an disease or illness if 

the perceived severity of that disease or illness is assessed as being 

low [ 227 ] .  

In early childhood obesity, the associated possible modifiable risk 

factors relate to parental behaviours.  Therefore the individual focus 

of the Health Belief Model may not be transferable to the wider focus 
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of parenti ng and child health.  As such Roden (2004) 

reconceptualised the Health Belief Model for the use with young 

families [ 229 ] .  The premise was that as the Health Belief Model has 

been successfully implemented with programmes targeting 

individuals, that following modif ication the model could be utilised for 

families  [ 229 ] .  The author suggests that in order to improve family 

decision making and provide clarity to the existing dimensions of the 

Health Belief Model, aspects of Ajzenôs (1985) Theory of Planned 

Behaviour should be incorporated into the Health Belief Model.  

Widely used in health promotion studies including nutrition 

interventions Sweitzer et al  (2011) [preschool children] and 

McConnon et al  (2012) [weight regain] [ 230 , 231 ] , the Theory of 

Planned Behaviour (TPB) predicts deliberate behaviour change and is 

guided by three considerations:  

1.   Behavioural beliefs ï (beliefs about the likely conseq uence of 

the behaviour).  

2.   Normative beliefs ï (beliefs about the normative expectations 

of others).  

3.   Control beliefs ï (beliefs about the presence of factors that 

may facilitate or impede performance of the behaviour) [ 232 ] . 

Roden (2004) argues that in order to develop the Health Belief Model 

for use with young families, the construct of behavioural control is 

considered important for families who are trying to develop healthy 

behavio urs for their young children.  Therefore, the addition of the 
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two TPB constructs ñperceived behavioural controlò and ñbehavioural 

intentionò reflect the three TPB considerations of individual belief and 

attitude to adopting behaviour and the perceived soci al pressures 

that would facilitate or impede the adoption of the behaviour.  It was 

anticipated that the addition of these two constructs would improve 

the decision -making ability of the Health Belief Model when economic 

and environmental barriers prevent the family from undertaking 

health behaviours.  Additionally it was predicted that these additions 

would provide clarity and accuracy of the Health Belief Model to 

improve the prediction of health promoting behaviours.  

Utilising a mixed method approach, 75  mothers were recruited from 

day care and preschools from a suburb in New South Wales Australia, 

to investigate the intention of families to undertake health behaviours 

for their preschool children and to validate the modified Health Belief 

Model (Figure 2 ).  The results identified that socioeconomic 

background was an important determining factor for intentions to 

undertake health promotion activities such as dental and health 

checks, smoking cessation , and reducing sedentary lifestyles   It was 

identified that the higher socioeconomic group parents believed that 

they had more control over child health matters as well as the 

perception that they were more able to initiate child health promoting 

activitie s [ 229 ] .   
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The review of the Health Belief Model has identified that it is 

important that interventions that aim to reduce rapid weight gain in 

infancy by changing maternal health behaviours need to take into 

account maternal beliefs around infant care and feeding.   As infants 

in socially deprived areas are at a higher risk of child obesity, it is 

especially important to understand the beliefs of this group of parents 

in order, but also the influences which drive these beliefs in order to 

inform the development of f uture interventions.  

Figure 3  -  Revised Health Belief Model for young families 
Roden 2004[229]  

 

 

Infant size, in particular bigger, chubbier babie s tend to be viewed as 

ñnormalò, and healthier than leaner infants [ 212 , 213 ] .  Growth is 

viewed as a measure of health with perceived insufficient growth 
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being a source of concern for many mothers [ 233 , 234 ] .  Heinig et al  

(2006), identified that higher infant weight gain is believed to be a 

sign of health and reassurance that infants are well nourished [ 234 ] .  

Baughcum et al  (1998) identified a major theme to be a ñbigger baby 

is a better babyò and that the mothers participating in the focus 

group interviews believed that a heavy infant was a healthy infant 

and was the result of successful feeding and parenting.  No mother 

indicated that an infant could be too hea vy and no mother identified 

any particular age at which an infant or toddler might be considered 

overweight.  Parents participating in this study also believed that the 

faster and bigger their child grew, the better the food intake must be 

and therefore, t he better their health must be.  Whilst it has been 

identified that parents associate food with infant growth, food is also 

used to influence infant behaviour [ 235 ] . 

Redsell et al  (2010) explored the parental beliefs of appropriate infant 

size, growth and feeding behaviour.  The results identified that a 

major parental belief was tha t the main cause of infant distress was 

hunger which drove inappropriate feeding [ 213 ] .  Russell et al  (2016) 

reports that mothers perceived that using milk to settle an infant is 

an ñeffective settling techniqueò, and the mothers who participated in 

the interviews disclosed that they would do ñwhatever worksò to 

settle their infant and this often invo lved offering food [ 236 ] .  

Happiness and contentment have been identified by parents as 

measures of infant health [ 237 , 238 ] .  Using a grounded theory 
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method, Waller et al  (2015) explored maternal perceptions of 

mother - infant communication in a cohort of low income first time 

mothers.  The participating mothers expressed the desire for infant 

happiness and this desire led to the early introduction of solids, 

despite acknowl edged discouragement from health care professionals.  

Infant behavioural cues such as taking an interest in food and 

posturing towards food were also reported by mothers to signal 

readiness for the introduction of food.  The perceived infant desire 

reinfor ced early weaning practice irrespective of the childôs age, 

developmental readiness or contradictory recommendations from 

health care professionals [ 238 ] .  

Harrison et al  (2015) conducted a qualitative systematic review of 

maternal infant feeding practices in transitioning from milk feeds to 

family foods.  Incorporating a search strategy from four major journal 

citation databases, the timeframe 2000  to 2014 was purposively 

selected in order to capture the current social context around infant 

feeding.  In total, twenty three papers met the inclusion criteria and 

were included in the review [ 226 ] .  Three major themes were 

identi fied:  

1. Infant driven transitional feeding practices,  

2. Mother driven transitional feeding practices,  

3. Community driven transitional feeding practices.  
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As discussed earlier in this chapter, Harrison et al  (2015) reiterates 

that many mothers use food to influence infant growth, contentment 

and sleep and choose ease of feeding over infant feeding 

recommendations.  Both maternal identity and parenting success are 

associated with infant feeding practices and t hat obesity and long 

term health  rarely influences infant feeding decisions.  The authors 

conclude that the rationale for transitional feeding practices are 

underreported in the literature and requires further research to 

identify the best avenues for supporting healthy infant feeding 

pr actice [ 239 ] .  However to date no study has explored parental 

beliefs around caring for infants with known risk factors for child 

obesit y.  As human behaviour plays a central role in the maintenance 

of health and the prevention of disease, collecting data on parental 

behaviours in caring for infants would allow for a crucial insight into 

their beliefs and attitudes.  As previously discusse d interventions that 

have sought to modify parental feeding behaviours have targeted 

those behaviours postulated to be both modifiable and associated 

with early overweight/obesity.  Whilst the results are promising, the 

disengagement reported as a ñlack of interestò may reflect the 

individualôs perceived susceptibility of their infant to later 

overweight/obesity.  If data could highlight beliefs and the drivers of 

those beliefs of parents of at risk infants, specifically targeted 

interventions could be deve loped that recognised the perceived 

barriers and benefits, which may encourage participation and 
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increase the impact of the intervention. As such the remaining 

chapter outlines the design and implementation of a study that 

captured the parental beliefs and  understanding of caring for at risk 

infants.  

3.5  Research aim  

To explore parental beliefs around caring for infants with risk factors 

for child obesity with a view to informing the development of a 

targeted behaviour change intervention .  

3.6  Methodology and meth ods  

3.6.1  Introduction  

In this section the methodology and methods used in this study are 

discussed. This begins in section 3.6.2 with the rationale of choosing 

qualitative methodology instead of quantitative methodology for this 

study.  This is followed by a di scussion on qualitative methodology 

and the use of the qualitative interviews.  This leads to a discussion 

on qualitative data analysis principles, in particular thematic analysis 

as a tool to analyse the qualitative data in this study. This is followed 

by  a discussion on the use of semi -structured interview as the 

qualitative interview research method.  

Section 3.7 focuses on the concerns regarding quality in qualitative 

research including patient and public involvement and a discussion on 

reflexivity.   
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I n section 3.8 the research design of the study are discussed in 

detail.  Starting with the participant recruitment ethical approval, 

screening and consent of the participants are explored.  

3.6.2  Choice of research methodology  

Research into health seeks to improve health, the impact of 

healthcare activity on an individual (health outcomes) and improve 

health services [ 240 ] .  The two major research paradigms are 

quantitative (positivistic) and qualitative (naturalistic) [ 241 ] .  

Quantitative health research often employs experimental designs 

usually to test hypoth eses, such as randomised controlled trials.  

Viewed from a broader perspective quantitative research can be 

defined as a type of empirical research into a social phenomenon or 

human problem, testing a theory consisting of variables which are 

measured with numbers and analysed with statistics in order to 

determine if the theory explains or predicts phenomena of interest 

[ 242 ] .  Qualitative research is an umbrella term covering a range of 

interpretative techniques which seek to describe, decode, translate 

and otherwise come to terms with the meaning, not the frequency of 

naturally occurring phenomena [ 243 ] .  Whilst quantitative research 

methods describe and measure the level of occurrences on the basis 

of numbers and calculations, qualitative research aims to develop 

concepts that can help us understand social phenomena in natural 

settings giving emp hasis to the meanings, experiences and views of 

the participants [ 244 ] .  It could therefore be upheld that the 
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differences in qualitative and quantitative research methods imply 

that qualitative methods are inductive in na ture contrasting with 

quantitative methods which are deductive.  Glaser and Strauss 

(1967) argue that qualitative research can be undertaken in a 

deductive way where prior assumptions are tested on new cases 

[ 245 ] .  However, Miles and Huberman state that no study conforms 

to a standard methodology and that the res earcher shapes the 

methodology to the peculiarities of the study [ 246 ] .   

Qualitative methodology does  not simplify the views of the participant 

in order to measure and count the occurrences of an issue or events; 

however it takes on a more holistic perspective which preserves the 

complexities of human behaviour [ 247 ] .  It emphasises the 

meanings, experiences, an d views of people and it is particularly 

suited to the exploration of parentsô beliefs about feeding and caring 

for infants with risk factors for child obesity [ 244 ] .  It helps us to 

understand the nature, strengths, and i nteractions of variables.  This 

approach is particularly useful in complex situations such as patientsô 

health behaviours or where the relevant variables associated with an 

outcome are not apparent [ 247 ] .  As a result qualitative research is 

notably a useful tool  for policy makers and healthcare professionals 

because it allows a clear understanding of descriptive information and 

the context in which policies are implemented [ 248 ] . 
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3.6.3  Qualitative research limitations  

Qualitative research cannot infer causality.  Sampling methods and 

small sample sizes mean that findings cannot be generalised to other 

populations.  The time investment for participants can be significant 

and it may mean that participants with stronger vi ews are more likely 

to express more extreme views.  Qualitative research can generate 

hypotheses and can illuminate meaning.  However, there is no way of 

verifying participant accounts, for example their accounts of 

information they have been given by heal th professionals [ 249 ] .  

There has been increasing interest in how to enhance rig or of 

qualitative research with the development of a number of quality 

checklists.  One example is the consolidated criteria for reporting 

qualitative checklist (COREQ) [ 250 ] .  The COREQ checklist was 

developed to promote explicit and comprehensive reporting of 

interview and focus groups (qualitat ive studies).  Presented as a 32 -

item checklist COREQ (Appendix 5) incorporates three domains:  

Domain 1 ï Research teams and reflexivity  

Domain 2 ï Study design  

Domain 3 ï Analysis and findings.  

The COREQ checklist was utilised to report on the parentsô beliefs 

about feeding infants and caring for infants with kn own risk factors 

for child obesity ï qualitative study.  
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3.6.4  Qualitative research methods  

As established in section 3.6.2 qualitative research is used to develop 

concepts that help us understand a social  phenomenon in a natural 

setting.  In this study the beliefs of parents feeding and caring for 

infants with risk factors for childhood obesity is an area that has not 

previously been researched.  During the design of this study different 

research strategie s within qualitative methodology were carefully 

considered.  The choice of research strategy is influenced by fact ors 

such as the researcherôs preferred ontological and epistemological 

positioning, their preferred research methods and research strategies 

and also pragmatic factors such as time and funding [ 251 ] .  Ontology 

is the starting point of all research, it is about what we may know, 

and epistemology is one of the core branches of philosophy and is 

about how we come to know what we know [ 252 ] .  Epistemology 

focuses on the knowledge gathering process and is concerned with 

developing new theories and models that improve competing theories 

and models [ 252 ] .  For this study, focusing on the lived experiences 

of parents with infants at risk of early childhood obesity, a focus on 

models of health behaviour was considered the most a ppropriate 

approach.  As discussed further in section 3.4 the Health Belief Model 

is one of the most widely applied theories of health related actions 

[ 253 ].  It postulates that a personôs behaviour in relation to their 

health is related to their perceptions of the severity of illness and 

their susceptibility to it and the benefits and costs incurred in 
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following a particular health promoting action [ 240 ] .  The modified 

model also embraces that socio -demographic, social and 

psychological factors such as perceived behavioural control, are likely 

to modify health beliefs [ 229 ] .  Whilst it has been identified that 

ther e is a strong association between macrosomia and/or rapid 

weight gain and child overweight or obesity, there are also complex 

and confounding risk factors for child obesity.  Therefore, a 

qualitative approach underpinned by the Health Belief Model, was 

cho sen on the basis that it suited an exploration of the views, 

perceptions and experiences of parents rather than taking a 

quantitative approach which would only effectively quantify 

predetermined outcome measures.  

The most ubiquitous aspect of social scienc e research is its reliance 

on talking to people about their experiences, attitudes, opinions, 

complaints, feelings, emotions and beliefs [ 254 ] .  As such, the 

usefulness of interviews in social science research has long been 

recognised, as qualitative researchers tend to provide detailed 

descri ptions of individuals and events in their natural setting [ 255 ] .  

More specifically as interviews are interactive, interviewers can 

pursue clearer answers and probe  into any emerging topics.  

Schostak (2006:54) identifies an interview as an extended 

conversation between partners with the aim of obtaining ñin-depth 

informationò about a certain topic or subject through which a 
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phenomenon can be interpreted in terms of the meanings 

interviewees bring to it [ 256 ] . 

There are three types of one -on-one research interview: structured, 

semi -structured and unstructured.  Structured interviews are in 

essence verbally administered questionnaires.  Alt hough they are 

relatively quick to conduct and can be useful for the clarification of 

certain questions, they only allow for limited responses from the 

participants [ 257 ] .  In contrast, unstructured interviews provide 

participants with considerable control o ver the interview process, but 

often involve lengthy time periods [ 258 ] .  Semi -structured interviews 

consist of several key open -ended quest ions that define the areas to 

be explored, but also allows flexibility for the interviewer or 

interviewee to pursue a response in more detail [ 259 ] .  This type of 

interview is most frequently used in social science [ 257 ]  and was 

utilised for the current study.  

3.6.5  The role of the researcher in qualitative research  

For one -on-one interviews it is essential that the interviewer rapidly 

develops a positive relationship with the interviewee for the duration 

of the in -depth interview [ 260 ] .  The process of establishing rapport 

is described by Douglas (1985) and essentially involves trust and 

respect for the interviewee and the information that they share 

[ 261 ] .  It is also the means by which a safe and comfortable 

environment is established in which the experiences and attitudes of 
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the interviewee can be shared.  Stages of  rapport between the 

interviewer and interviewee have been described by Spradley 

(1979) [ 262 ]  and are summarised in Figure 4.  

Figure 4  - Stages of Rapport  

 

 

 

 

 

 

 

Patton (2002 pg513) states that the ñhuman element in qualitative 

research is both its strength and weaknessò [ 263 ] .  Whilst considered 

a strength because it allows human insight and experience to develop 

new understandings of a phenomenon, the weakness refers to the 

researcher skills [ 264 ] .  A major skill for the qualitative researcher is 

the ability to create an interaction that goes beyond a conversational 

exchange to a point as discussed above where the interviewee feels 

safe enough to talk openly about their experiences.  To an extent, the 

researcher is exercising power to generate an atmosphere conducive 

to a successful interview.  However, the researcher is also aware of 

the ethical issues of emotions and power.  These two sides of 

research interviews have been termed ñconquest or communionò with 

researchers exercising power through the adoption of questioning 

Apprehension phase ς characterised by uncertainty stemming from the strangeness of 
the context in which the interviewee and interviewer are new  
 
Exploration phase ς is characterised when the interviewee becomes engaged in in-
depth descriptions 
 
Co-operative phase ς is characterised by a comfort level in which the participants are 
not afraid of offending each other and both find satisfaction in the interview process. 
 
Participation phase ς may occur at any time during the interview and reflects the 
greatest degree of rapport in which the interviewee guides and teaches the 
interviewer. 
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techniques such as probing in order to generate data from 

interviewees, but also experiencing an emotional interdependency 

with the interviewees [ 265 ] .  From a psychosocial perspective in 

particular power and emotions come together in both conscious and 

unconscious ways in a research interview [ 266 ] . 

In studies were  the interviewer is also a health professional i t could 

be argued that potential power issues between the interviewer and 

interviewee could arise.  It is suggested that there is an inevitable 

power imbalance in the research relationship and that when the 

researcher is also a health professional that the power imbalance is 

exaggerated in two ways [ 267 ] .  Firstly, the participant may feel 

pressurised to participate in research because of a sense of duty and 

secondly there is an assumption that allowing a participant to speak 

in their own words can be therapeutic.  Howe ver, for the present 

study none of the research team  were in clinical practice, therefore 

minimising the ñsense of dutyò for potential participants.  Whilst the 

data collected were pertinent and specific to the participant the 

research protocol, local ethi cal review, participant information and 

consent process aimed to reduce the risk of harm and are discussed 

in more detail in section 3.7.  

3.6.6  Purposive Sampling and Sample Size  

Sampling strategies are determined by the purpose of the research 

study.  In quanti tative research probability sampling is often used to 
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seek statistical representativeness but is not appropriate for 

qualitative research [ 268 , 269 ] .  Quantitative research uses 

probability sampling to choose participants from a population 

randomly to represent in the sample their true proportions.  

Qualitative research on the contrary use s non -probability sampling to 

select participants.  Participants are deliberately selected to reflect 

particular features of the sampled population.  It is not intended to be 

statistically representative and participants are selected in accordance 

with pre -determined criteria for the purpose of the study objectives, 

hence purposive sampling [ 268 ] .  Participants are chosen with two 

ópurposesô in mind: firstly they are likely to generate useful research 

data and secondly to ensure that the sample is credible.   

Sample sizes for qualitative studie s are generally much smaller than 

those used in qualitative studies [ 270 ]  and often reflect the research 

with phenomenology research oft en having as few as six participants 

in contrast to ethnographies or grounded theory studies where 

between 30 -50 interviews/observations are recommended [ 271 ] .  

The concept of saturation, meaning when the acquisition of new data 

does not shed any further light on the topic under investigation is 

often cited in published studies [ 270 ] .  There are various forms of 

saturation with the original being theoretical saturation associated 

with a grounded theory approach [ 272 ] .  Other forms include; data 

saturation, thematic saturation and simply saturation [ 273 ] .  Guest et 

al  (2006) sugg ests that there is a general vagueness surrounding 
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these terms, but OôReilly and Parker (2012) state that they do have 

distinct meanings and are applied to all qualitative methods [ 272 , 

273 ] .  Generally, data and thematic saturation are taken to mean 

that data should be collected until nothing new is generated [ 274 ] .  

Mason (2010) conducted a content analysis of qualitative 

methodological PhD theses via a Universities of Great Britain and 

Ireland index to theses deposited in one calendar month [ 270 ] .  From 

the 2533 theses identified, 560 were included and the sample size 

and methodology extracted.  The overall range for the number of 

participants ranged from 95 to 1, with a median of 28 and a m ean of 

31.  The most common sample sizes were 20 and 30.  From Masonôs 

analysis 80% of the studies investigated adhered to Bertauxôs (1981 

cited by Mason 2010) guideline of 15 being the smallest number of 

participants for a qualitative study.  

Although the guidance on sample size appears to be fluid, purposeful 

sampling of participants that meet the studyôs inclusion criteria 

should produce quality data with maximum variation within the topic 

of interest.  

3.6.7  Interview Topic Guide  

In preparation for the interviews an interview topic guide was 

developed ( Appendix 6 ).   The purpose of the topic guide is to enable 

the researcher to efficiently incorporate all the issues that are 

important to achieving the research objectives.  Polit and  Hungler 
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(1999) suggest that the topic guide should consist of an outline of 

categories that are relevant to the research on which the interview 

questions are ultimately based [ 275 ] .  As previously discussed 

rapport and trust are essential in research interviews and therefore 

the sequencing of interview questions must take account of the 

developing relationship between the interviewer and interviewee.  

Roller (2015) suggests a four stage funnel approach when developing 

an interview topic guide [ 276 ]  (Figure 5).  

Figure 5  -  Roller (2015) Funnel Approach to interview guide 
development  

 

Roller, M.R. Qualitative Research Design www.researchdesignreview.com page 18 

Utilising the Roller (2015) approach an interview topic guide was 

developed as described below:  
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Stage One ï Introduction to the study and verification of consent.  

Stage Two ï General information ï reiteration of the research aims 

and objectives. Collection of demographic data (family structure, 

employment, highest educational level obtained).  

Stage T hree ïAwareness/Attitudes/Behaviours ï pregnancy, related 

pregnancy health beliefs, foetal growth, intended mode of infant 

feeding . 

Stage Four ï Specific Attitudes / Influences  ï early weeks feeding, 

infant temperament, parental influence, external influenc e, infant 

feeding cues, weaning and child growth.  

Turner (2010) suggests that it is important to pilot the interview topic 

guide in order to refine unclear or inappropriate questions [ 277 ] .  For 

the current study the interview topic guide was piloted with the lay 

PPI volunteer, no revision was undertaken.  The pilot interview was 

not included in the final data set.  

3.6.8  Data Analysis  

Miles and Huberman (1994) identify three major activities invol ved in 

qualitative data analysis [ 246 ] :  

¶ Data Reduction  

¶ Data Display  

¶ Verification.  

 

The important first  step in qualitative data analysis is to read the 

data for an overall understanding of the content [ 278 ] .  Once the 



141 
 

data has been reviewed, coding provides a formal system to 

organise the data, uncovering and documenting additional links 

within and between experiences and concepts described in the 

data [ 278 ] .  Thematic coding as a process f or encoding data was 

initially developed by Strauss (1978) and expanded further by 

Boyatzis (1998) who describes thematic coding as a multistep 

procedure that can be performed inductively or deductively [ 279 ] .  

Codes are essentially tags or labels which are assigned to whole 

documents or segments of documents to catalogue key concepts 

while preserving the context in which the concepts occur  [ 246 ] .  

Boyatzis (1998) suggests that a good code should have five  

elements [ 279 ]  (Figure 6).  

Figure 6  -  Boyatzis (1998) Five  elements for a good code  

 

 

 

 

 

 

Thematic analysis is a widely used qualitative analysis process, the 

purpose of which is to identify patterns of meaning across a data set 

that provides an answer to the research question being asked.  The 

patterns are identified through a rigorous process  of data 

familiarisation, data coding and theme development and revision 

1.  A label  

2.  A definition of what the theme concerns  

3.  A description of how to know when the theme occurs  

4.  A description of any qualifications or exclusions to the 

identification of the theme  

5.  Examples of both positive and negative to eliminate 

possible confusion when looking for the theme  

(Boyatzis 1998 ppx -xi)  
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[ 280 ] .  Braun and Clarke (2006) developed a six -phase process of 

thematic analysis [ 280 ] , summarised in Figure 7 . 

Boyatzis (1998) describes thematic analysis as a process used widely 

in qualitative research rather than a separate method such as 

grounded theory or ethnography [ 279 ]   One of the major advantages 

of thematic analysis is that it is theoretically flexible and can be used 

within different research frameworks including inductive, deductive, 

semantic, essentialist, constructionist and latent approaches.  

Additionally, thema tic analysis has been used in qualitative studies 

exploring both parentsô beliefs about appropriate infant size (Redsell 

et al  2010) and parents and grandparents perceptions of pre -

schoolersô body weight (Eli et al  2014) [ 213 , 281 ] .  The widely 

accepted use of thematic analysis within qualitative research and the 

flexible approach to analysis were the two main factors for using this 

data analysis process in the current research study.  
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Figure 7  -  Summary of the six phases of thematic analysis  

 

 

3.7   Quality in Qualitative Research  

3.7.1  Patient and Public Involvement  

Patient and public involvement (PPI) in research is strongly advocated 

to impro ve the way research is prioritis ed, commissioned, 

undertaken, communicated and used [ 282 ] .  A systematic review of 

the impact of PPI involvement in health and social care research 

reported that there is clear evidence that PPI can have a positive 

impact on research by enhancing the q uality of research and ensuring 

its appropriateness and relevance [ 283 ] .  As the current research 

focused on the parentsô perceptions of feeding infants with risk 
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factors for child obesity, the research team needed to ascertain how 

parents would respond to being approached by the researchers and 

whether they would feel judged in terms of their parenting by having 

a ñheavyò infant.  For the purpose of this study a mother of a 

macrosomic infant and a Health Visitor  Team Leader were rec ruited 

as PPI volunteers.  The research topic was well received by them and 

they subsequently contributed to the development of the research 

protocol, interview topic guide, participant information sheet, consent 

forms and promotional materials, providing valuable insights and 

plain English summaries which contributed to high engagement with 

parents approached as potential research recruits.  The mother of the 

macrosomic infant consented to be interviewed to pilot the interview 

topic guide, following the in terview the topic guide was amended, this 

interview was not used in the final analysis.  

3.7.2  The Research Team  

Three researchers conducted the research interviews for the current 

study, the post graduate researcher and two BMedSci students (third 

year medical s tudents).  This gave the post graduate researcher an 

opportunity to supervise the work of undergraduate students.  The 

research gave the undergraduate students valuable experience.  At 

their stage of training they had experience of interviewing patients, 

including history taking and had completed a communication skills 

portfolio incorporating a reflexive piece.  The undergraduate students 

had also attended a qualitative research course with hands -on 
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experience of interviewing and of them atic  qualitative ana lysis.  

Having three researchers conducting the interviews and analysing 

data broadened the perspective of the work and allowed multiple 

viewpoints.  One of the students was from a South Asian background.  

In contrast to the post graduate researcher they w ere both outsiders 

[ 284 ] , in that they were not mothers, but they were female and 

interested in a career in paediatrics.  Having additional researchers 

allowed more flexibility with recruitment.  

As multiple interviewers are common features of multisite qualitative 

studies utilising a developed protocol and standardised interview topic 

guide [ 285 , 286 ] , the two BMedSci students were enlisted over two 

consecutive years to assist with recruitment and data collection.  For 

the current study both students were recruited from the same 

University home base.  The stude nts were encouraged to role play 

interviews with their peers and both students undertook a number of 

pilot interviews with family members who had children of the 

appropriate age.  

At the time the first BMedSci  student was recruited, nine interviews 

had bee n conducted and no revisions made to the topic guide.  For 

both students, a non -substantial amendment was granted from 

University of Nottingham Medical School Ethics Committee ( Appendix 

8).  Both students were introduced and orientated to the Childrens 

Centres by the post graduate researcher for two sessions.  Th e 
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students initially shadowed and then under direct supervision 

promoted the research study and obtained declarations of interest 

from the participants.  The students followed up the potential  recruits 

and arranged the face to face interviews.  All the student interviews 

were conducted either in the Childrens Centre or by telephone.  

Following each first interview a supervision meeting was held to 

discuss the interview, encourage reflection and  explore recruitment 

problems.  Further supervision meetings were held regularly through 

the active data collection period.  Both students transcribed the audio 

recordings and these were all checked for accuracy by the post 

graduate researcher.  An additio nal member of the research team 

reviewed 25 % of the  transcripts and compared them directly to the 

audio recordings.  

Each researcher completed a research diary reflecting on the research 

process and individual interviews.  Regular research meetings were 

hel d to discuss the research experience.  Overarching the entire 

research process were the PhD supervision meetings in which each 

stage of the research process was subject to interrogation and the 

feedback received assisted in the reflection on, and the devel opment 

and refinement of the research.  

3.7.3  Reflexivity  

Reflexivity in simple terms can be described as an awareness of the 

researcherôs role in the practice of research and the way this 
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influences the object of the research enabling the researcher to 

acknowled ge the way in which they affect both the research process 

and outcomes [ 287 ] .  It is often described as a process by which 

research turns back upon and takes account of itself [ 288 , 289 ] .  

Reflexivity is often confused with reflection and as such Finlay (2002) 

suggests that the concepts reflexivity and reflection are best viewed 

as a continuum where both ends are acknowledged to be important 

throughout the research process [ 290 ] .  At one end of the scale, 

reflection can be understood to be distanced; taking place after the 

event.  Whilst at the other end of the scale, reflexivity connects into a 

more immediate, dynamic cont inuing and subjective self -awareness.  

Hertz (1997) elucidates that to be reflexive is ñto have an ongoing 

conversation about the experience whilst simultaneously living in the 

momentò ([ 291 ] page viii).   

It has been argued that reflexivity in its many forms is the defining 

feature of qualitative research [ 292 ] .  As such qualitative researchers 

will be aware of their role in the construction of knowledge.  Cunliffe 

(2003 :pg985) states that researchers ñneed to go further than 

questioning the truth claims of others and to questio n how we as 

researchers also make truth claims and construct meaningsò [ 293 ] .  

Therefore the process of reflexivity throughout the research process 

requires careful consideration.  Haynes (2012) proposes th at 

researchers should be aware of how our ontological, social and 

political positioning affects the choices made on research topics, 
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questions, approaches and analysis [ 294 ] .  Haynes (2010:pg78) 

further suggests that researchers might ask of themselves and their 

research the following questions:  

¶ What is the motivation for undertaking this research?  

¶ What underlying assumptions am I bringing to it?  

¶ How am I connected to the research theoretically, 

experientially, emotionally?  And what effect will this have on 

my approach?  

3.7.4  Reflexive Statement  

The motivation for the current research has its origins in my clinical 

practice.  When I was practising as a Health Visitor in 2003, I began 

to observe infants who were growing fast, often crossing several 

centile lines on their weight for age charts.  At this time the increase 

in childhood obesity was being noticed and recognised a public health 

priority, but only for school aged children.  Yet as a Health Visit or 

monitoring these rapidly growing infants I was concerned about the 

future health of these children and wanted to understand whether 

there was any cause for the weight gain.  Although I left Health 

Visiting in 2008 to resume my research career, the desir e to 

investigate early causes of childhood obesity prevailed.  

The communities in which I practised gave extensive support to 

mothers via the extended family but also via the lifelong friendships 

of the extended family.  Any introduction of a health concern  by a 

Health Visitor needed to be handled sensitively to avoid not only 
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alienating the family but also the community.  I deliberately designed 

a research study that would not label a mother or her infant as ñfatò, 

nor did I want Health Visitors to gate kee p and nominate heavy 

infants on their caseload.  As Childrens Centres provide universal 

services for children under five these were selected as recruitment 

sites.  It was anticipated that parents of heavy infants would be able 

to approach the research team  freely and be able to ñself-nominateò 

themselves as potential recruits based on simple inclusion criteria.  

Although parents did self -nominate and consented to interview, my 

apprehension in referring to a child as being born big or growing fast 

remained.  However any apprehension I might have brought was 

overcome by using the same terms to represent baby being heavy as 

the parent such as ñbig babyò / ñheavy babyò / ñlong babyò 

irrespective of the childôs actual weight.  Parents were genuinely open 

about th eir infant being heavy and spoke with pride about continued 

growth and reaching important milestones such as sleeping through 

the night or showing an interest in food.  

During my clinical time I had observed what I perceived to be 

overfeeding of infants eit her by widening the bottle teat hole to 

encourage bottle emptying or by adding cereal to milk feeds to ñfill 

upò a baby.  I anticipated that I would find evidence of these 

behaviours alongside other bottle feeding behaviours that would 

encourage a full nig ht sleep.   



150 
 

I informed all parents interviewed that I was a registered Health 

Visitor.  From my clinical and personal experience, parentôs 

perceptions of Health Visitors and their role in promoting family 

health seems to be based on their pervious encounte rs or of the 

experiences of those close to them.  Positive experiences tended to 

be associated with a motivational approach to child health and 

parenting.  Whilst prior negative experience of either the parent or a 

close acquaintance tended to be associate d with suspicion, 

indifference and even distain.  Therefore, the interview responses 

were likely to be influenced by the parentôs perceptions of Health 

Visitors.  Parents who had a positive perception of Health Visitors 

may have given their responses freel y.  For those who had a negative 

perception of Health Visitors my concern was that they would either 

withhold information or alter their responses in line with their current 

understanding of feeding guidance.  

From both a professional and parental viewpoint  I believe that infant 

nutrition is the basis for child health and the decision making on 

feeding a child commences antenatally.  However, the infant feeding 

milestones are not fixed and parents feeding decisions are based on a 

multitude influences includi ng their infant, spouse, family, NHS and 

commercial literature, employment and media viewpoints.  As a NHS 

health professional, infant feeding guidelines provided the basis for all 

infant feeding advice, including breast is best and delay weaning until 

six  months.  My child health surveillance training stressed the 
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importance of a child putting on weight, with the focus of intervention 

on infants who were losing weight and the anxiety of ñnon-organic 

failure to thriveò.  There was no training or guidance provided for 

babies who grow rapidly.  

Following the literature review, I did have extensive knowledge of the 

risk factors for early childhood obesity, but the interventions to 

mitigate those risks showed poor results.  I did not believe that 

parents of infan tôs with risk factors for early childhood obesity were 

aware of the risk.  Therefore, the knowledge of infancy risk factors 

were reflected in the research protocol and interview topic guide, with 

the study seeking to identify all beliefs and the drivers of  those 

beliefs in influencing parents care of their infant from conception to 

up to one year.  

I acknowledge that my personal attachment to the research topic and 

the preconceptions that I had, present both as strengths and 

weaknesses for the research under taken.  I recognise this as bias 

that has the potential to limit the effectiveness of my research.  To 

minimise the effects of my beliefs and bias, the data was collected 

and analysed by three researchers, with my PhD supervisors 

providing a further level of quality assessment.  All of my interviews 

were conducted in the participantôs home.  Immediately following 

each interview, I recorded my feelings towards the interview, which 

formed the basis for my reflective diary.  Prior to immersing myself in 
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the da ta for analysis, I listened to the audio recordings reviewing my 

interview technique, mindful of bias or prior assumptionôs made in the 

questions, prompts or clarification points.  

3.7.5  Validity and reliability  

In contrast to quantitative studies where statistical methods are 

deployed to establish validity and reliability of the research findings, 

qualitative research incorporates methodological strategies to ensure 

rigour [ 249 ] .  The debate as to whether the terms validity and 

reliability are appropriate for qualitative research is ongoing [ 295 , 

296 ] .  Sandleowski  (1993) argues that a major threat to qualitative 

research is the notion that validity rests on reliability , insinuating that 

researchers claim that their findings are valid when research 

participants respond consistently over time and with each other 

conc erning an experience or that a panel of experts other than the 

investigator coded information the same way [ 295 ] .  The suggestion 

is that what is embedded in this noti on of validity is that reality is 

multiple and constructed rather that singular and palpable.  The 

narratives of research participants can change over time and for each 

participant their story will differ from another.  Therefore, the idea 

that empirically  validating the information in one participantôs story 

against the information in anotherôs for consistency is seen as alien to 

the concept of narrative truth according to Sandelowski (1993) [ 295 ] .  

Unlike Sandelowski (1993), Long and Johnson (2000) separate the 

terms reliability and validity and cite Hammersleyôs (1992 p 69) 



153 
 

definition of qualitative validity as being ñan account that is valid or 

true if it represents accurately those features of the phenomenon that 

it is intended to describe, explain or theoriseò[ 296 ] .  Long and 

Johnson (2000) suggest that the assessment and assurance of 

validity can be undertaken in qualitative studies by utilising the 

existing terms and concepts and reason that the need is not for novel 

terms or new criteria but for a different mean s of addressing the 

existing criteria [ 296 ] .  Therefore, in the broadest context these 

terms are transferable from quantitative research with validity 

referring to the integrity and application of the methods deployed and 

the precision in which the findings accurately reflect the data, whilst 

relia bility describes the consistency of the employed analytical 

procedures [ 296 ] . 

An assessment of the qu ality of qualitative research should take 

account of theory in the design of the research, analysis and 

interpretation of the data [ 297 ] .  As such there are tools developed 

specifically to assess and appraise qualitative health studies.  For the 

purpose of the current study the Critical Appraisal Skills Programme 

(CASP) qualitative research appraisal tool (1998) was utilised to 

perform quality assessment at all stages of the research process 

(Appendix 9 ).  
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3.8  Study Design  

A qualitative study was conducted using one to one interviews either 

in person or by telephone (n=1).  These were conducted us ing a 

semi -structured interview gui de as discussed in Section 3.6.7 , and 

included in the appendices ( Appendix 6 ).  

3.8.1  Recruitment of participants  

Both purposive and snowball sampling technique s (as discussed in 

section 3.6.6 ) were employed to select parents of  young children at 

risk of overweight/ obesity.  The research received no formal funding, 

so no costs were available for translators therefore all participants 

were required to conduct the interview in English.  The inclusion 

criteria were:  

1.  Primary caregiv ers of an infant aged 12 months or under who 

weighed 8lb 8oz (3.85kg) or above at birth, or had crossed one 

or more weight centile on gender specific weight charts.  

2.  Aged 18 or over.  

3.  They had commenced the weaning process.  

4.  Able to conduct the interview in E nglish.  

 

Surestart Children s Centres were established to provide a wide 

range of universal support services for children and their 

families and were selected as recruitment sites for the current 

study as they provided access to families of young children.   All 

of the Childrens Centres were located in areas of deprivation.  

Via the promotional material parents self - identified either that 
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they had an infant who was big at birth or was growing rapidly.  

Six study sites were selected to increase the maximum 

var iation of the recruited sample.  The t arget sample size for 

the current study was Ó20 participants.  In addition to 

recruitment po sters displayed in the Children s Centres the 

researchers also visite d sessions held at the Children s Centres 

and directly appr oached all the primary caregivers attending 

the sessions, giving them details about the study  (Appendix  10.  

Approaching all  parents attending the Children s Centre 

activities with a child less than one year of age was necessary 

to reduce the potential of parental anxiety or distress by 

targeting only parents who appeared to have ñheavierò infants.  

Participants meeting the inclusion criteria who either gave their 

contact details on a study postcard ( Appendix 11 ) at  the 

Children s Centre or responded to the recruitment posters were 

subsequently emailed the Participant Information Sheet (PIS) 

(Appendix 12 ) and consent form  (Appendix 13 ) , primary  

caregivers who d idnôt meet these criteria were thanked for their 

interest and no further contact made.  To increase variation 

within the sample participants recruite d from the Children s 

Centre were provided with additional interest postcards and 

requested to pass on details of study to any friends who might 

meet the eligibility criteria.  All participants at the end of the 
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interview were offered a £10 gift voucher as an inconvenience 

al lowance.  

3.8.2  Data Collection Methods  

Following informed written consent each parent partook in one to one 

interviews either in person or by telephone (n=1).  Participants were 

offered a choice of venue where the interview could take place either 

the C hildren s Centre or their own home .  As discussed in section 

3.6.5 , a successful qualitative interview requires a comfortable 

environment.  Therefore by allowing the participants the choice of 

interview venue it was anticipated that the participants would feel 

more comfortable and in control of their surroundings reducing the 

invasive nature of the research interview.  The choice of interview 

venues also incorporated the safety and comfort of the researcher.  

The university ñlone workerò policy was implemented and a ñbuddy 

systemò of a nominated colleague to whom the researcher checked in 

and out of each interview and was available for contact during the 

time spent working off site, was in operation for all twenty six 

interviews whether they occurred in the participan tôs home or chosen 

Childrens Centre venue ( Appendix 1 4).  

At the start of each interview, the aim and purpose of the research 

was outlined and with the participantôs written consent the interview 

was audio - recorded using a digital voice recorder.   
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3.8.3  Ethical Approval  

The study was conducted in accordance with the ethical principles 

originating from the Declaration of Helsinki, (World Medical 

Association, 2008); principles of Good Clinical Practice (ICH GCP), 

and the Research Governance Framework for Health and  Social care 

(Department of Health, 2005). This study was subject to review by 

University of Nottingham; Faculty of Medicine, Health Sciences 

Research Ethics Committee (REC) with full approval received (ref: 

E15082013 SoM Psychiat) (Appendix 7) .  Permissio ns to display 

recruitment materials  and attend Sure Start Children s Centres was 

obta ined from the District Children s Centre Co -ordinators.  

3.8.4  Consent  

In line with the Research Governance Framework for Health and 

Social Care (Department of Health, 2005), writ ten informed consent 

was obtained from all study participants.  The researcher explained 

the details of the study and provided a Participant Information Sheet, 

ensuring that the participant had sufficient time to consider 

participating or not.  Informed co nsent was collected from each 

participant before they underwent the interview.  One copy of which 

was kept by the participant and one by the researcher and stored in 

the study site file.  
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3.8.5  Confidentiality  

All audio recordings were transcribed by the researcher verbatim.  All 

identifying remarks were removed and the participant identified only 

by study number.  For reliability of transcription, an additional 

member of the research team reviewed 25 %  of the transcripts  and 

compared them directly to the recordings.  The transcripts were 

assessed as being accurate representations of the audio recordings.  

Following the reliability procedure all digital recordings of the 

interviews were deleted.   (Exampl e of an anonymised interview 

transcript appendix  16 )  

3.8.6  Qualitative Data Analysis  

Transcripts from interviews are the raw data which are descriptive 

record of the research, but they cannot provide explanations without 

analysing the data [ 298 ] .  The researcher has to make sense of the 

data by closely examining and interpreting them.  The process for 

data analysis used a thematic analysis approach, following the steps 

identified in Figure 6.  

The steps involved for data analyses are described in  stages. Step 

one was familiarisation with the data which involved transcription of 

the interviews and immersion in the data.  Step two was generation 

of initial codes  and step three was searching for themes,  which  

involved grouping all codes into potentia l themes.  Step four was 

reviewing themes .  Step five was defining and naming themes  and for 

each theme a clear definition was created.  Finally step six was 
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producing the report , which provided an opportunity for further 

analysis and final review of the t hemes [ 280 ] .  However, in practice 

these steps are not independent processes but cyclic in nature.  It is 

important to execute the principle of constant comparison in this 

study.  Therefore, both data collection and analysis processes were 

cyclic in nature, an iterati ve and not a linear process [ 246 ] . The data 

analysis is however discussed as a linear step for the pur pose of this 

thesis.  

Once identified, the codes were organised into a coding book 

(Appendix 15 ).  The  coding book was structured on Boyatzisô ó5 

elements of a thematic codeô with each theme possessing a 

meaningful label, definition, inclusion criteria, ex clusion criteria and 

examples of positive and negative occurrence [ 279 ] .  The coding 

book was reviewed by a second researcher to establish consistency in 

themes [ 279 ] .  Quotations from each theme were randomly selected 

and given to the second researcher to code according to the coding 

book.  The second researcher was able to correctly match every 

quote to a theme, thus the themes were deemed to be consistent in 

line with recommended standards [ 279 ] .  The coding book was 

reviewed and final themes and sub - themes were agreed upon, after 

which the transcripts were reviewed to ensure they still matched with 

the revised codes.  The coding frame was then analysed further to 

look for links between codes and explanatory themes.  The final 

themes chosen included both deductive  and inductive themes.  
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Deductive codes are based on previous knowledge, and the research 

allows testing of a theory or hypothesis.  Alternatively, inductive 

analysis is used when existing knowledge of the subject is lacking or 

fragmented [ 299 ] .  Deductive an alysis is often described as moving 

from the general to the more specific, whilst inductive analysis can be 

thought of as moving from the specific to the more general [ 299 ] .  

Quotations were used to support the themes; the beliefs and 

experiences of the paren ts, in their own words, provided the themes 

with credibility and face validity and an analysis trial that the data 

interpretation links back to the words of the parents [ 263 ] . 

3.8.7  The Coding Process  

During the data analysis process, the Boyatzis (1998) five elements 

of a good code (Figure 5) were used to produce the code book 

(Appendix 15 ).  The coding process can be done manually which 

involve the use of coloured pens or highlighters, scissors and glue to 

literally cut and paste sections of text onto cards or piece of poster 

that could later be examined together in a bigger pic ture [ 300 ] .  In 

this study, a manual cut and paste technique, as well as a n electronic 

database of codes and data abstracts were compiled using Microsoft 

Word© and these were revised during the iterative process. .  A flow 

diagram of the recruitmen t  process is detailed in Table 20 . 
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Table 20  -  Flow diagram of the recruitment process  
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3.9  RESULTS  

3.9.1  Participant demographics  

Twenty six parents (n=1 father) were recruited to the study.  All 

recruited parents completed the face to face interview.  However, 

data on rapid weight gain and the effect on weight - for -age centile 

crossing for two infants that ha d a ñnormalò birth weight were not 

collected; therefore they were assumed not to have met the inclusion 

criteria and were subsequently excluded.  Fourteen inte rviews took 

place at a Children s Centre, nine interviews took place in the 

participantsô homes and one by telephone.  A wide variation in 

maternal education from High School to a Postgraduate qualification 

was recorded.  Infant milk feeding was recorded as of the time of the 

interview with eighteen mothers exclusively breastfeeding, five mixed 

feeding  (breast milk and formula feeds) and three formula feeding.  

Age at which weaning commenced ranged from 9 weeks to 26 weeks 

(Table  21 ).  
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Table 21  -  Participant demographics  

Participant 

Number  

Birthweight  Birthweight 

centile  

Centile 

Crossing  

Maternal 

education level  

Household  Parity  Feeding 

method  

Age of 

weaning  

01  2.64kg (5lb 

13oz)  

2nd   2nd  to 50 th  College  2 parent  1st  child  Breast  22 weeks  

02  4.08kg (9lb)  50 th   macrosomic 2 Graduate  2 parent  2nd  

child  

Breast  22 weeks  

03  3.94kg (8lb 

11oz)  

91 st   macrosomic  Graduate  2 parent  1st  child  Breast  26 weeks  

04  4.45kg (9lb 

13oz)  

ŷ98 th   macrosomic  Graduate  2 parent  1st  child  Mixed  20 weeks  

05  3.83kg (8lb 

7oz)  

ŷ50 th  75 th  to 95 th  College  2 parent  2nd  

child  

Mixed  9 weeks  

06  3.09kg 

(6lb 13oz)  

ŷ9 th  25 th  to 91 st  College  2 parent  1st  child  Breast  16 weeks  

07  3.99kg (8lbs 

13oz)  

ŷ75 th  macrosomic  Graduate  2 parent  2nd  

child  

Breast  22 weeks  

08  3.32kg (7lb 

5oz)  

ŷ25 th  75 th  to 91 st  Graduate  2 parent  2nd  

child  

Formula  24 weeks  

09  3.77kg (8lb 

5oz)  

ŷ50 th  50 th  to above 

99 th  

Graduate  2 parent  1st  child  Breast  20 weeks  

10  3.99kg (8lb 

13oz)  

91 st   macrosomic  High school  1 parent  1st  child  Breast  16 weeks  

11  2.80kg (6lb 

3oz)  

ŷ9 th  9 th  to 50 th  Post graduate  2 parent  1st  child  Breast  20 weeks  

12  3.57kg (7lb 

14oz)  

ŷ50 th  25 th  to 91 st  Post graduate  2 parent  1st  child  Breast  20 weeks  

13  3.43kg (7lb 

9oz)  

ŷ25 th  9 th  to 91 st  High school  2 parent  2nd  

child  

Breast  23 weeks  

14  4.31kg (9lb 

8oz)  

98 th   macrosomic  High school  2 parent  2nd  

child  

Mixed  22 weeks  

                                                           
2
 Centile crossing not recorded for macrosomic infants 
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15  3.32kg (7lb 

5oz)  

ŷ25 th  25 th  to 99.8 th  College  2 parent  2nd  

child  

Breast  24 weeks  

16  3.51kg (7lb 

12oz)  

50 th   50 th  to 91 st  Graduate  2 parent  2nd  

child  

Formula  24 weeks  

17  3.20kg (7lb 

1oz)  

ŷ25 th  25 th  to 91 st  Graduate  2 parent  2nd  

child  

Mixed  23  weeks  

18  4.17kg (9lb 

3oz)  

ŷ75 th  macrosomic  Graduate  2 parent  2nd  

child  

Mixed  26 weeks  

19  4.40kg (9lb 

11oz)  

ŷ91 th  macrosomic  Graduate  2 parent  1st  child  Formula  24 weeks  

20  3.97kg (8lb 

12oz)  

ŷ75 th  macrosomic  Graduate  2 parent  1st  child  Breast  26 weeks  

21  4.20kg (9lb 

4oz)  

91 st   macrosomic  Post graduate  2 parent  2nd  

child  

Breast  26 weeks  

22  4.14kg (9lb 

2oz)  

91 st   macrosomic  Graduate  2 parent  2nd  

child  

Breast  24 weeks  

23  3.88kg (8lb 

9oz)  

75 th   macrosomic  Graduate  2 parent  1st  child  Breast  24 weeks  

24  3.91kg (8lb 

10oz)  

ŷ75 th  macrosomic  Graduate  2 parent  1st  child  Breast  26 weeks  
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Table 22  -  Themes and sub themes
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Four major themes emerged from the data:  

1. Positive connotation associated with high weight  

2. Weight gain is perceived as positive and an indication of 

successful feeding  

3. Parents understanding of feeding baby  

4. Parents weaning decisions  

3.10  Theme One ïPositive connotation  associated with 

high weight  

Poor recognition of child overweight status has been widely 

reported [ 301 -303 ] .  However, a strong theme emerged from 

the current study that parents with infants at risk for early 

childhood obesity were not concerned about infant size viewing 

weight gain as proof of successful parenting and as previous ly 

reported by Harrison et al  (2017 pg 9) the parents interviewed 

focused on the ñhere and nowò, rather than their childôs long 

term health [ 239 ] . 

3.10.1  Subtheme -  Parents justifying babyôs higher 

birthweight  

At the beginning of the interview, participants were asked about 

their pregnancy experience.  From the discussion with mothers 

it became evident that they associated the size of their 

pregn ancy bump with the anticipated birthweight of their infant, 
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often remarking that because they had a small or ñneatò bumpò 

they expected a small or ñneatò infant. 

P04 (line 83 + 79) -  ñOh no. I did know like 'cause erm  my 

bump was quite neat the whole time, so it literally was mostly 

baby . . . 'Cause sometimes like the bump's big because of the 

fluid, but it was mostly baby, So I was quite surprised at how 

like substantial she was ò(Baby was born 9lb 13). 

One mother whi lst expressing surprise at the birth weight of her 

infant also demonstrated positive feelings about her daughterôs 

high birthweight.  

P10 (line 68) ï ñErm I was impressed when she was in my 

belly I didnôt look so big (laughter) sheôs erm I was very 

impresse d that she was so big ò (Baby was born 8lb 13). 

Whilst pregnancy bump was believed to be an indicator of new -

born birthweight, another reason stated for high birthweight was 

gestational length over the estimated du e date (EDD).  As 

discussed in Chapter Two , increasing gestational age is 

associated with macrosomia, however as demonstrated in the 

following quote the expectation that overdue infants will have a 

higher birthweight appears to be widely believed by pregnant 

mothers.  
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P03 (line 98) ï ñpossibly the f act that she was 9 days over, 

giving her that extra bit of cooking timeò. (Baby was born 8lb 

11 )  

A variety of different explanations were used to justify a higher 

than average birthweight.  A genetic predisposition for higher 

weight was often attributed, w hereby participants declared that 

there are other babies in the family or that certain members of 

the family are taller or larger than average.  

P23 (line 117)  ï ñI donôt know you see what an averageéan 

average size is, I suppose.  So I suppose to me, because I was 

quite big when I was born and my sister was big, he didnôt 

sound that big at 8lbs 9ozs . .  . So I mean I don't know 

whether that that has any relevance but I was 10 lbs 10 when I 

was born.ò 

As well as familial associations parents also discussed other 

reasons for their childôs high birth weight and these included 

increased length.  

P08 (line 206)  -  ñSo in herself, she looked quite petite, but for 

a girl I remember thinking sheôs got really long legs.ò  

Parents reported comparing their infants with other babies born 

at a higher birthweight, which led them to believe that their own 

infantôs birthweight was not high. 
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P22 (line 183)  ï ñI mean they didn't reach the 10 pound mark 

like some do or likeéA friend of mine had a 13 pound babyò. 

3.10.2  Subtheme -  A bigger child is more desirable  

One theme recurrent in the majority of the interviews was the 

perception that a bigger infant was more desirable.  When one 

mother compared a family memberôs child to her son, P07 (line 

184)  ï ñUh no, my sister, uh she had a baby after [him]. About 

a month  [he] is older than her, but she looks like very fat, and 

has got very a, she is very beautiful, I say why is [he] not looks 

like that . . . And I say maybe he is very skinny and the doctor 

they said no he is very good healthò. (Baby was born 8lb 13 ) . 

Exam ination of affectionate nicknames descriptive of size 

showed that parents were not ashamed of their childôs weight, 

and seem pleased that their child was big i.e. P09 (line 149)  ï 

ñchunky monk ò. (Baby was born 8lb 5), P05 (line 30)  ï ñyou're 

a fatty bum, aren't yaò (Baby was born 8lb 7), P22 (line 226)  

ï ñMommaôs little chunkò (Baby was born 9lb 2). 

Used to describe an older person, these terms would be 

considered derogatory, yet in these interviews they were used 

freely, positively an d indicative of pride.  An experiment that 

tested the effect of baby schema (a set of infant physical 

features that includes chubby cheeks, a plump body shape, 

large head, large eyes and small nose and mouth) on the 

caretaking motivation in adults was cond ucted by Glocker et al  
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al (2009) [ 304 ] .  Their results identified that high baby schema 

characteristics represented by original and manipulated images, 

not only evoked a high cuteness rating but also a high 

mot ivation for caretaking  compared to the infant images that 

had been manipulated to pr oduce low baby schema 

characteristics.  These findings indicate that the baby schema 

response is a fundamental function of human social cognition 

that forms the basis of adult - infant caregiving.  

 

Parents were happier and more willing to describe their sons  as 

being bigger than average weight. In male babies, gender was 

often identified as a factor influencing babyôs weight, and in fact 

gender alone was considered sufficient explanation for higher 

than average weight.  P16 (line311)  -  ñThey call him a little 

piggy . . .everybody sort of refers to him as a big boy, a chunky 

boy, a bonny boyò. 

Alternatively, girls were thought of as smaller and more petite.  

Parents were generally more reluctant to admit that their 

daughter weighed more than average.  

P08 (line 535)  -  ñWhen she was on the 75th  I was like óOh god, 

that seems really smallô and they were like óno, no, no, sheôs a, 

sheôs a girlô so you know thatôs what girls do.ò  



171 
 

It has been argued that parents of boys associated lower risk 

with their childôs overweight, [ 305 ]  which may explain why they 

were more willing to comment on their childôs increased weight. 

Parents who recognised their infants as bigger did not show 

awareness or concern about the potential long term impact of 

overweight in infancy on health.  

P14 (line 222)  ï ñI donôt think itôs much wrong with it (baby 

being bigger). You know obviously sheôs bigger than an 

averageéaverage you know baby and stuff, but no it doesnôt 

concern meò. 

Parents struggled to conceptualise their babies as being 

overweight for their age and described their babyôs size as 

matching the size or growth of older babies, sugges ting their 

baby was slightly more ñadvancedò in their size for their age.  

P20 (line 537)  ï ñIôve got some friends that have babies a 

couple of months older than him and heôs the same size. So heôs 

certainly a good size, so Iôd say in terms of how theyôve tracked 

and how theyôve grown, theyôve done exactly the same as himò. 

Despite acknowledgment of their baby being bigger, parents 

mentioned there is natural variation in size.  
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P09 (line 216)  ï ñthe ten/eleven babies that my ten friends 

are all different ev ery single one of them is small big whatever 

you know hes the biggest of cause out of all of them.ò  

Parents recounted other babies in the community that they were 

happy to identify as ñfatò.  

P21 (line 1266)  ï ñI saw a baby today and he had likeéI 

thought my babyôs thighs were quite fat but actually this child 

was unbelievable. And I was like ye, my baby is not actually that 

fat. He's quiteé He is quite... Again he is quite slender like his 

brotherò. 

This stu dy demonstrates the shifted views of parents of 

ñnormalò weight underpins them feeling detached from issues of 

overweight in infancy.  Jones et al  (2011, p5) reported that 

parents define childhood overweight as ñwhen a childôs weight 

exceeded an acceptable  level or clinical parameterò however, 

they showed poor understanding in what an ñacceptable levelò 

was [ 306 ] .  Thus parents used alternative objective measures 

such as visual assessments and comparisons with other 

children; often the child ren used as a reference point were 

extreme and exceptional cases on the overweight side of the 

spectrum [ 306 ] .  One mother interviewed who was referred to 

see the doctor regarding her childôs weight didnôt see anything 

ñwrongò with her son, highlighting that concern had not been 
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previously raised at child health appointments and therefore she 

had no ñmedical definitionò that her sonôs growth was abnormal. 

P09 (line 228)  ï ñIôm not turning up Iôm not coming I donôt 

want to talk to her about h is weight and it got me upset I was 

thinking yeah he is so much bigger than all my other friend kids 

does she think that there is something wrong with him that 

sheôs not told me so he had to go for his injections done his last 

set of injections so I though t hang on a second so I took him to 

the Health Visitor  and she said no there is nothing wrong with 

him he is following his centile he's just a big boy there is no 

worries he ôs healthy he ôs making the milestones so in the same 

sense my friends whoôve got small babies .ò 

Only one of the infants was flagged by a healthcare professional 

for rapid weight gain; the reluctance for healthcare professionals 

to discuss weight may stem from the current lack of a definitive 

classification of overweight/obese in infanc y and weight being a 

sensitive issue.  Health Visitor s are often reluctant to identify 

obesity during infancy and would reportedly delegate crucial 

decisions about infants who rapidly gain we ight to general 

practitioners/ paediatricians [ 307 ] , but as the previous quote 

shows this may send mixed messages to the parent.  Consistent 

with previous qualitative studies, parents did not see weight as 

an issue until there was a detrimental impediment on the childôs 
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physical fitness or mobility [ 235 , 306 ] .  This lack of concern may 

be du e to the long time lag between overweight during infancy 

and the potential negative consequences incurred later in life 

[ 308 ] .  

Furthermore, parents held the belief that excess weight in 

infancy could be lost after the infant becomes more active or 

their growth would eventually slow down without any 

int ervention.   

P03 (line 544)  ï ñBut generally all of my mums' siblings, the 

babies start out very chubby and then as soon as they move, 

they lose itò. 

Mothers felt that babies starting to be more active acted as a 

justification to increase the quantity feed.  

P24 (line 408)  ï ñSo [baby] noté not been chubby at all um I 

think, ye Iôd go for more [food] but itôs kind of heôs a bit of an 

activeé active oneò. 

3.11  Theme Two ï Weight gain is perceived as positive 

and an indication of successful feeding.  

Weight gain  is perceived as encouraging to parents for healthy 

development and growth, with parents holding the belief that 

this idea is positively reinforced by HCPs.  Baughcum et al . 

(1998), reported low - income mothers recounting that faster 
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weight gain was a resul t of successful feeding and parenting and 

was associated with better health [ 235 ] . 

P03 (line 235)  -  ñHer size certainly enabled me to continue 

breast -feeding with confidenceé Gave me a lot of confidence 

that yes, I was producing milk, it was of decent quality to 

nourish her.ò 

Bigger babies are seen as attractive, and less fragile, reassuring 

parents that their feeding routine was sufficient to support 

babyôs development.  Weight gain provided tangible evidence of 

successful feeding and parenting.   Losing weight, in contrast has 

negative connotations; parents with babies who lost wei ght have 

felt the weight loss was a consequence of their shortcomings 

and felt guilty.  

P12 (line 114) ï ñonly me that could have responded it felt 

that it was just me responsible for her putting weight on and she 

wasnôt putting weight on so it just felt really like (mimes 

deflated) what can I do no matter how much I seemed feeding 

her and how much we were trying and she seemed to I 

remember once I though oh you know sheôs had loads this 

weekend weôve really as soon as sheôd cries she was on the 

boob feed he r you know I didnôt wait and think oh it was only 10 

minutes ago she canôt be hungry again we just put her on all the 

time and Monday morning came we weighed her and sheôd still 
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lost weight and I just thought on my god so yeah it was just 

very stressful an d sort of and demoralising in terms of you know 

what it felt like for as err as a Mum looking after herò.   

Importance is placed on infants tracking on their centile by 

parents and that their continued weight gain should be 

maintained.  

P09 (line 209)  ï ñI feel fine because heôs gone up [on chart] 

and heôs stayed thereò. 

Redsell et al . (2010, 2013), found that parents voiced a sense of 

fulfilment when their infants gained large amounts of weight 

according to the centile charts [ 213 , 307 ] . 

One parent was dubious about regular weight checks  to 

maint ain infant weight along the centile line as she was aware 

an infantôs weight often fluctuates.  She commented that 

individuals raise concerns about infant weight if their position on 

the chart drops.  

P02 (line 171)  -  ñI think the weight can vary at this st age so 

much because of illnesses and stuff that if you start weighing 

too much you can end up with a chart that comes up and down 

you get people saying oh theyôve lost a bit of weightò. 

Parents are wary that the charts are used by healthcare 

professionals to monitor infant progress and an infant dropping 
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centiles is interpreted to represent poor parenting.  Jones et al . 

(2011), reported conflicting information given to parents about 

appro priate weight gain in infancy and childhood; during infancy 

weight gain is promoted with emphasis put on following the 

centile line, whereas in childhood being ñbigò was discouraged.  

These mixed messages confuse parents and make them doubt 

the source of i nformation for healthcare professionals [ 306 ] . 

Change in weight during infancy is used as an indicator to 

monitor how well feeding is progressing by parents and 

healthcare professionals .  An increase in the infantôs weight 

motivated parents  that feeding was going successfully and 

encouraged them to continue with their feeding practices.  Some 

parents were reassured by weight gain when they had personal 

doubts that the baby wasnôt feeding enough. 

P21 (line 851)  -  ñHe was tracking on his line like nicely so he 

was eating a good amount.ò  

In situations where babies lost weight parents felt that their 

current feeding method was unsuccessful.  Some parents felt 

the need to increase the quantity and/or frequency of feeding or 

supplement with formul a or solids to encourage weight gain 

when the infantôs change in weight didnôt meet their 

expectations.  The perceived stigma around weight loss partially 

may be influenced by infants losing more than 10% of their 
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initial birth weight being flagged up to healthcare professional s 

for observation.  

P19 (line 93)  -  ñI attempted to breastfeed; he lost quite a bit 

of weight. So he lost 10% after birth, and I think breastfeeding 

probably wasnôt going as well as it should have, because he took 

a while to get back t o his birthweight reallyéI did supplement 

from quite early on because my Health Visitor  really wanted him 

to put on weight. Um, so she said to help you and to help him 

put on weight it would be a good idea to supplement with 

formula.ò(Baby born 9lb 11oz) 

3.12  Theme Three -  Parents understanding of feeding 

baby.  

Within this overarching theme all of the sub -  themes identified 

a propensity for overfeeding with a desire for weight gain as 

opposed to feeding in response to the infantôs hunger and 

satiety cues.  

3.12.1  Subtheme -  The need to feed on demand.  

Unanimous across all eighteen breastfeeding parents was the 

notion that babies were fed on demand.  

P12 (line 118)  -  ñAs soon as sheôd cry she was on the boob 

feed her you know, I didnôt wait and think oh it was only 10 

minutes ago she canôt be hungry again, we just put her on all 

the time.ò 



179 
 

Mothers who formula fed their babies were able to establish a 

regular routine in both the quantity and times at which they fed 

their baby.  This belief was held by parents who were both 

breast feeding and bottle feeding.  

P16 (line 163)  ï ñI got him into quite a good routine um, he 

was feeding roughly every 3 -4 hours, um, yeah I managed to 

get him in a really good routine and yeah thereôs not really 

much, it sort of went smoothly rea lly, there wasnôt any problems 

at allò 

Due to the nature of formula feeding being measured out, 

parents who formula fed tended to adhere to a routine of 

feeding a set volume at a particular interval and were able to 

quantify this amount.  

P18 (line 185)  -  ñYe. Now heôll haveé heôll have seven ounces, 

um, every four hours in the daytimeò.  

Some parents of formula fed babies restricted how much milk 

their infant consumed within the established routine and were 

more wary of how much their baby was drinking.  Red sell et al  

(2010), reported parents of formula fed infants felt satisfied 

about being able to quantify and time feeds, as well as making 

them feel less anxious about unexplained crying [ 213 ] .  Some 

parents of breastfed babies mentioned formula fed babies may 

sleep better through the night.  
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P04 (line 112)  -  ñI kind of wanted to breastfeed her 

exclusivel y, but I was just like...it (formula milk) might help her 

to sleep better.ò 

Encouraging an infant to sleep through the night also identified 

the practice of night feeding, where an infant is woken to feed 

with the expectation that they will sleep for longer as explained 

by this mother:  

P16 (line 187)  ï ñUm at night it was, um, he was exactly the 

same as he is now, he would go to bed at 6 oclock I would feed 

him, then would feed him again around 10 oclock and then he 

would wake up around 3 oclock in the  morning and we would 

feed him, he wouldnôt wake up crying, but we could just hear 

him babbling so we would just feed him and then, or I would 

have an alarm set to get up and feed him and then again at 6 in 

the morning ò. 

3.12.2  Subtheme ï Parents beliefs that you  cannot 

over feed a breastfed baby.  

Mothers who breastfed did not think there would be any 

negative consequences from overfeeding with breast milk.  

Mothers reported breastfeeding ñon tapò, despite self - identifying 

their baby as not hungry and knowingly fe d for other reasons 

such as comfort.  
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P17 (line 103)  ï ñI donôt believe you can over breast feed a 

child anyway erm  itôs something that came up in our breast 

feeding training was you know if babyôs full then theyôll stop 

feeding you canôt overfeed them and similarly I donôt think that 

using a breast to comfort a child is wrong erm daughter was I 

did the same with daugh ter.ò 

Some mothers offered babiesô breast milk at the suggested 

intervals without consideration whether the infant needed 

feeding.  One mother used the recommended intervals to work 

out a minimum number of feeds in the day and after speaking to 

the Health Visitor  regarding concerns about underfeeding solids 

realised she was overfeeding on breastmilk.  

P22 (545)  ï ñWith [baby] on one trip to the Health Visitor , I 

said he doesnôt seem to be eating as much as my friendsô 

children and she said, well how much did  he eat and I explained. 

She was like, ñyou are giving him too much breastmilk. You 

need to cut down on your feeds and then he will take more 

solids.ò 

 

3.12.3  Subtheme ï Feeding to soothe  

Only one parent suggested that she thought her baby would 

only eat to satisfy hunger, commenting, ñI think he wonôt eat if 

heôs not hungry.ò (P02 line 241).  
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The other parents recognised that they used feeding to soothe, 

acknowledging that their babies might be eating when they were 

not hungry.  

P03 (line 285)  -  ñEspecially if breast canôt fix ité If the 

problem isnôt solved by a breast, then Iôm not sure what is. 

Sheôs stopped doing the sort of new-born feeding cues, so itôs 

generally offer breast, just in case she happens to be hungry or 

needing a bit of comfort, as it tends to work ideally for both .ò 

Similarly, parents acknowledge that feeding is also used to help 

infants sleep.  

P01 (line 151)  -  ñI feed him sleep at night and then if we're at 

home he ki nd of needs me to have a nap because he won't take 

a dummy ò  

3.13  Theme Four -  Parents weaning decisions . 

Alongside physical development, bigger infant size was the 

major influence not only to determine when to start weaning but 

also reflected in portion sizes.  

3.13.1  Subtheme ï Parents manipulation of weaning 

guidance  

Although WHO guidelines recommend exclusive breastfeeding 

until 6 months [ 309 ] , 19 of the 24 parents who participated in 

this study chose to wean their infants earlier, from 9 to 24 

weeks.  Previous guidelines advised weaning from 4 months.  
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Awareness of the correct guidelines varied between parents, and 

those who were aware of the guidelines did not necessarily 

follow them.  

This parent is seemingly unaware of the new guidelines.  

P05 (line 366)  -  ñI mean, he's getting on for 4 months now, so 

it's around the time that I can do it anyway.ò 

Conversely, this mother is certainly conscious of the 6 month 

guideline, yet chooses not to follow it.  

P06 (line 327)  -  ñWe go to quite a lot of baby groups and all 

the other mums were waiting 'til 6 months an d at first I didn't 

tell them that we'd started weaning him at 4 months, 'cause I 

just felt a bit awful really.ò 

Finally, this parent purports to follow the guidelines, but is 

actually interpreting them to suit her own agenda.   

P01 (line 158)  -  ñI know that they recommend to wait until 6 

months but it was only a couple of weeks before.ò 

If parents are contravening guidelines, it may be that they donôt 

fully appreciate the importance of doing so.  Additionally, 

labelling inconsistencies in supermarkets may add to parental 

confusion, as suggested by a study which found that parents 

believed that food labelled ófrom 4 monthsô would not legally be 

allowed to be sold if it was harmful to the infant [ 139 ] .   
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3.13.2  Subtheme ïWeaning in response to infant cues  

A small number of parents justified their decision to wean 

prematurely with infant cues taken from sections of the 

recommended guidelines, including demonstration of hand -eye 

coordination and head control.  

P01 (line 155)  -  ñI wai ted for the signs that his head control 

was really good so he wasn't bobbing umm he could sit up... 

well not on his own but if you place him in a certain position he 

doesn't fall... his hand to mouth co -ordination .ò 

However, the majority supported their ea rly weaning decisions 

with infant cues falsely suggesting early readiness.  Babies who 

watched parents eat or expressed an interest in food were 

interpreted to be ready to eat, and this was confirmed when 

babies ate food when it was offered to them ï the a bility to eat 

was understood as verification that they should be eating.  

P16 (line 246)  -  ñI knew that he was getting more interested 

in food, and looking at us while we was eating, he was grabbing 

at things, and putting them in his mouth, so I just thought you 

know, Iôd try him on it.ò 

Contradicting this is the knowledge that stereoscopic vision in 

infants begins to develop between 4 -6 months, characterised by 

development of depth perception and 3 -dimensional vision 
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[ 310 ] .  An i nfant will therefore be following movement of many 

things, not specifically food.  

P02 (line 80)  ï ñHe was interested in what we were doing. We 

got a high -chair, and sat him at the table with us, and at the 

point when he was paying attention and watching us  eat [so] I 

gave him his own spoon, and when he started putting it to his 

mouth I gave him food.ò (Weaning age=22 weeks). 

This accentuates the need to expose false ideas about infant 

cues suggesting an early readiness for weaning.  Reinforcement 

for this t heme comes from Walsh et al . (2015), who found that 

infant cues were the primary motivators driving parental 

decisions to wean [ 139 ] .  Therefore, better education for 

parents as to why their infant is not ready for comp lementary 

food, such as the risks of choking, underdeveloped stomachs 

and the threat of obesity might convince them against weaning 

prematurely.  

Infant size was another factor which influenced the decision to 

commence a few weeks earlier.  One mother intro duced 

complementary foods at 9 weeks because she felt that was 

unable to ñfillò her baby on a milk based diet.  

P05 (line 472)  -  Heôs having baby porridge, 'cause obviously 

he's a big baby and 'cause he was just constantly wanting to 
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feed on to me, and I w as just sat there for 3 hours at night 

feeding him. (Weaning age=9 weeks).  

Mothers who started weaning at or approaching to six months 

commented that their babies enjoyed eating a variety and were 

not ñfussyò.  Parents observed their infantôs response to 

complementary foods after commencing weaning, with two 

mothers reverting bac k to exclusive milk feeds after a poor 

response to early weaning, such as sickness and diarrhoea.  

Whereas Baughcum et al . (1998) described low - income mothers 

as unwilling to return to a previous stage, even if suggested by 

a healthcare professional [ 235 ] .  Mothers are trying to be 

receptive to the infantôs nutritional needs and adapting their 

feeding style to what they deem most appropriate.  

Teething was interpreted by some parents as indicating that the 

baby was ready for weaning.  Furthermore, some parents 

associated teeth with suitability for finger foods.  

P10 (line 108)  ï ñI could see she was teething so I thinking 

that sheôs getting ready to feedò (weaning age=16 weeks). 

Although parents perceive teething as associated with being 

ready for solid foods, most infants are sufficiently skilled at 6 

months to consume finger foods [ 311 ] .  WHO (2012) mentions 

that at 6 months, infants can eat pureed, mashed or semi -solid 

foods, with the food consistency and variety increasing as the 
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infant grows older [ 312 ] .  Baby led weaning encourages carers 

to introduce finger foods first as infants  are not developmentally 

ready to use a spoon themselves at six months [ 311 ] .  With 

spoon - feeding the opportunity for the infant to exercise 

autonomy over the quantity consumed and pace of feeding is 

significantly reduced [ 311 ] .  

3.13.3  Subtheme ï Bigger babies  need modified weaning.  

Parents suggested that their infantôs size altered the weaning 

process.  They expressed the opinion that earlier weaning was 

required because of their infantôs bigger size. 

When asked why the mother had introduced solids earlier tha n 

recommended, this mother stated ñUm I suppose because she 

was a big baby ò P22 (line 462) .  

As well as the view that bigger infants required weaning earlier, 

some parents also felt that their ñbiggerò child needed more 

food once the weaning process was est ablished.  

P20 (line 263)  ï ñI donôt recall ever being told sort ofé even 

sort of suggestions of portions sizes for babies, of any sized 

babies l et al one one who might want a little bit more. I was 

never told because he is a little bit bigger he may want to  feed 

more ò. 

Although weaning had been established this mother continued to 

give large quantities of high calorific milk.  
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P18 (line 143 ) -  ñbut milk is still his main source of food if you 

like. Iôd say he has half a litre of milk throughout the day. So ye, 

a good bottle in the morning, about 8 ounces in the morning and 

then 2 smaller bottles mid -morning and afternoon and then a 

big one in the evening.ò 

3.13.4  Subtheme -  Parents seeking information   

Parents referred to non -official sources of information includin g 

recipe books, web forums, and internet searches or from peers 

to guide their infant feeding decisions.  Commercially pureed 

baby products also particularly appealed to parents.  

P23 (line 146)  ï ñI think thereôs an Ellaôs Kitchen book and 

read through th at advice um and all of those were some of to 

try vegetables first as their first foods and before fruit so they 

don't get too used to sweet things.ò (First child). 

Parents did not refer to using online material published by 

official sources (such as the N HS or DoH).  Sources of written 

information provided reassurance and support to mothers, 

especially first - time mothers, as mothers with other children 

also had previous experience to guide them.  If a problem was 

encountered, parents would resort to these sources of 

information for guidance, with one first - time mother saying this 

resourcefulness hid her lack of confidence in making decisions.  
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Nevertheless, parents were aware that not all websites and 

informational available was reliable.  

P19 (line 164)  ï ñThe internet is obviously has been very 

useful, but I tend to be a bit careful with things like that 

because Iôm not sure if every forum is monitoredò. (First Child). 

Research was often used to justify not following advice from 

other individuals.  Whilst t here was some influence from older 

generations in feeding decisions, parents considered the advice 

they received and compared it against the guidelines and 

information from other resources.  In multiple cases parents felt 

the advice from older generations was out -dated and preferred 

to base their decisions on research.  

P03 (line 247)  -  ñIn terms of weaning it certainly meant even 

from people like my mother - in - law, who are otherwise quite 

supportive, you have to kind of fend of the ' ohh  she's a big girl 

and she's getting hungry, she must be ready for solids!' 

Actually, have you seen the inside of her stomach recently? Can 

you tell me that it's ready? No? Stick with the scientific evidence 

then that says it's probably not!ò (First Child). 

Previous studies have suggested more of an influence of 

grandparents, particularly maternal grandmothers on influencing 

feeding decisions [ 213 , 235 ] .  Amongst the plethora of 

information parents receive from their own research and advice, 
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it is easy for parents to feel overwhelmed when making feeding 

decisions [ 139 ] .   

3.14  Discussion  

The results from the qualitative study have provided a valuable 

insight into the health beliefs and behaviours of parents with 

infants at risk for later obesity.  

The study found that there was a positive connotation with high 

infant weight.  The mothers interviewed talked openly about 

the ir pregnancy and the estimation of infant size from their 

pregnancy bump and referred to eating for two or binging on 

high calorific foods without any expressed concern for weight 

gain either for themselves or their baby.  Evidence from a 

qualitative study  exploring pregnant womenôs weight related 

attitudes and beliefs in the UK, (The Bloom Study) 2015, 

identified that women perceived their bodies as fragmented into 

ñmy pregnancyò (the bump) and ñmeò (rest of my bodyò) [ 313 ] .  

Whilst women enrolled in the Bloom study were unsure of the 

effect of their dietary or activity behaviours on their infant ñmy 

preg nancyò most believed that their behaviours definitely 

affected their own weight gain ñmeò.  Maternal gestational 

weight gain across all BMI ranges is associated with macrosomia 

[ 40 ] .  Macrosomia as a result of over -nutrition in utero has also 

been recognised to programme permanent changes to appetite 
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with a tendency towards hyperphagia (excessive hunger) and 

alter satiety cues [ 191 , 314 ] .  Pregnancy, with multiple 

opportunities for regular contact with healthcare professionals is 

an opportune time to assist women with healthful behaviour 

change as they may be motivated to change for the benefit of 

their offspring [ 315 ] .  However, studies suggest that obstetric 

clinicians do not routinely counsel pregnant women on weight, 

nutrition or physical activity, whilst the majority of women do 

not recall being coun selled about weight during pregnancy [ 313 , 

316 , 317 ] .  Data from the current study contained no evidence 

of antenatal counselling on weight gain in pregnancy.   

Parents also believed that familial or genetic predisposition was 

responsible for their heavy or rapidly growing infants, speaking 

with pride that their infant was continuing a familial trait .  The 

high heritability of body weight is well established, with a 

systematic review reporting heritability estimates from twin 

studies of between 47 to 90% [ 318 , 319 ] .  Llewellyn and Wardle 

(2010) hypothesised that satiety and satiation could also be 

inherited [ 318 ] .  Using data from the Gemini Study, a 

population based sample of twins born in England and Wales 

during 2007, the  research investigated the heritability of four 

appetite traits in infants aged three months.  The results 

identified that whilst heritability was moderate for food 

responsiveness and enjoyment of food, both slowness in eating 
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(84% [95% CI 83%, 86%]) and s atiety responsiveness (72% 

[95% CI 69%, 80%]) had high heritability, suggesting that 

genes are playing an important role in appetite regulation from 

the earliest period of feeding.   Parental expectation that a larger 

infant is inevitable because of family history can be seen as a 

potential barrier to adopting feeding behaviours that would help 

mitigate rapid weight gain, especially for those children whose 

parents are overweight .   

 

There was a strong belief that a bigger child is more desirable, 

less fragi le and healthy.   The findings reinforced the idea of 

parents equating weight gain to health and parental concern 

about possible child underweight, an idea heightened in mothers 

who were overweight [ 320 ] .  Redsell et al . (2010) , observed 

parents being biased towards larger babies o nly amongst 

parents classified as overweight or obese, however this study 

found this belief common across accounts regardless of weight 

classification [ 213 ] .  Fildes et al  (2015) identified that mothers 

who were concerned about infant underweight were more likely 

to adopt pressurised feeding behaviours [ 92 ] .  However the 

current study also identified that healthcare profession als 

encouraged overfeeding in response to anxieties of an infant 

being underweight.  The role of healthcare professionals is 

crucial in raising awareness of the health threats of child 
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overweight especially with infants at an increased risk, as the 

motivat ion to reduce obesity will diminish if parents continue to 

underestimate their infantôs weight.  Jeffery et al  (2005) 

reported that overweight is largely unrecognised with parents 

being poor at identifying overweight in themselves and their 

children and le ss likely to identify overweight in sons [ 321 ] .  

Macrosomia prevalence rates are rising as discussed in 

Section1.3 and Lucas et al  (2007 pg  127) proposes that given 

the value placed by parents on being like everyone else, that if 

ñtrends in infant size continue towards greater fatness, ñbeing 

normalò will include infants who are fatter than those in the past 

[ 322 ] .  This could result in parents overfeeding infan ts to 

promote weight gain until their weight reaches the ónormalô 

range.  If so, this perceived behavioural control may be more 

prevalent in overweight mothers who already demonstrate 

increased concerns of infant underweight [ 320 ] .  For those 

parents whose infant had lost weight there was a profound  

feeling of failure and an urgency to assist their infant to regain 

not only their weight but also their centile line on their weight 

chart.  Weight loss in the first few days of life is a well - known 

clinical entity, the median and 95 th  percentile of acceptable 

weight loss from the baseline (birthweight) has been defined as 

6.6 and 11.8% respectively [ 323 ] .  For macrosomic infants a 

weight loss at the 95 th  centile can be seen as alarming.  
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However, the parental belief and as evidenced in the interview 

data the healthcare professionals belief that infants should 

continue to gain weight and at least remain on their birth weight 

centile predisposes the discontinuation of breastfeeding.  Kools 

et al  (2006) in a prospective cohort study evaluated the material 

motivational determinants to continue breastfeeding until three 

months [ 324 ] .  Of the 220 mothers who initiated breasting 24% 

introduced formula feeding because of ñdoubts about infant 

growthò before three months.  Given that breastfeeding may 

protect against rapid weight ga in due to better appetite control 

and lower protein intake [ 325 ]  the possible risk of weight loss 

may be a perceived barrier to continuing breastfeeding and 

increase overfeeding behaviours to encourage weight gain and 

centile trajectory preservation in breastfed infants.   

The feeding beliefs of the parents interviewed in the current 

study demonstrated a propensity for overfeeding.  A common 

belief is that infants need to be fed on demand and this was 

communicated by all of the  eighteen breastfeeding mothers.  

Parents of formula fed infants were more reliant on times and 

volumes of milk than infant cues for hunger and satiety.  In a 

recent study, Shloim et al  (2017), video recorded mothers either 

breastfeeding or formula feeding  their infants (n=27) and 

feeding cues were identified using a validated list of 

communication cues [ 326 ] .  Breastfed infants exhibited higher 
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levels of both engagement and disengagement cues and at a 

greater frequency than formula fed infants.  Consequently the 

irregular temporal nature of feeding in breastfed babies is due to 

an infant - led feeding approach in which the caregiver has a 

higher aw areness of infant hunger and satiety cues.  However, 

the parents of infants who were formula fed reported that they 

fed set volumes at set times and often fed their baby a volume 

greater than that recommended by the infant formula 

manufacture.  A pressured  feeding style that encourages an 

infant to empty a bottle has been shown to increase the risk of 

excess weight gain by late infancy  [ 92 ] . 

Interwoven with the belief that infants need to be fed on 

demand irrespective of feeding type is the belief that breastfed 

infants cannot be ov erfed.  Mothers are aware that their babies 

are breastfeeding frequently, but are able to reassure 

themselves with the misconception that overfeeding was 

impossible, and believe that their bigger than average infant will 

require more milk.  It is unsurpris ing that mother s believe that 

they cannot overfeed a breastfed infant as this is the mantra 

that Health Visitors and Midwifes have to promote.  The current 

advice on the NHS website states, ñdonôt worry about feeding 

your baby whenever either of you wants.  You can't overfeed a 

breastfed baby, and your baby won't become spoilt or 

demanding if you feed them whenever they're hungry or need 
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comfort.ò [ 327 ] .  However although breasting feeding is a 

protective factor, in countries with high levels of breastfeeding 

(i.e. without the social bias) overweight breastfed infants are as 

likely to become overweight children as ove rweight bottle fed 

infants, (OR= 4.102; 95%CI 2.912,5.778) [ 328 ] .  Rapid weight 

gain is an independent risk factor for childhood overweight [ 12 ] .  

As these ideas were prevalent i n many of the interviews, it is 

clear that there are a number of misconceptions resulting in 

inappropriate feeding behaviours.  In order to effect a social 

change in infant feeding a concerted inclusive message to 

parents via health, community groups and t he media is required 

to assist in combatting childhood obesity.  

Parents acknowledged that they used food in response to infant 

cues other than hunger.  Feeding to soothe was also recognised 

as a feeding behaviour by Redsell et al  (2010) who found that 

parents over -attribute infant distress as hunger.  Although  

breastfed infants are able to self - regulate and provide cues for 

hunger, appetite and satiation, where mothers are not receptive 

of these cues either during a feed or when adding extra feeds, 

unresponsive feeding or feeding to soothe may result in 

overfee ding the infant [ 326 ] .  Shloim et al . (2017) noted lower 

sensitivity to infantôs feeding cues at 6 months was positively 

associated with a higher we ight gain at 12 months and 2 years.  

Missing satiation cues or responding to difficult temperament 
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and/ or feeding to soothe are all potential pathways whereby 

breastfed infants can be potentially overfed [ 187 , 326 ] .  As 

discussed previously, infancy is a vital time for developing the 

capacity to regulate hunger.  Mismatched feeding cues, such as 

feeding when the infant is not hungry, can interfere with this 

and impede proper development of responses to hunger and 

satie ty, which is theorised to be linked to the development of 

obesity [ 131 ] .   

Early weaning was reported as a direct result of an infantôs 

physical development and the reasons stated included posturing 

towards food, head control , and teething and the parentsô 

believe that this advancement in their babyôs development is a 

cue to introdu ce solid foods.  However, early weaning has b een 

linked to rapid weight gain  [ 329 ] , a known risk factor for 

obesity, which amplifies the risk for these bigger babies who are 

already at an increased risk.  Findings from the qualitative study 

by Walsh et al  (2015), found that mothers felt that they were 

depriving their babies by withholdin g food until the 

recommended time of 6 months [ 139 ] , so it is possible that this 

feeling is heightened in mothers of bigger infants who they 

already perceive to be hungrier.  Vail et al  (2015) identified that 

age of wea ning was inversely associated with infant size 

suggesting that parents are using infant size as an indicator to 

commence weaning.  Infant size and the belief that parents 
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were unable to maintain their childôs appetite on milk alone was 

frequently cited by parents as the reason for early weaning in 

the current study further supporting the notion that bigger 

infants require modified weaning . 

All of the participants in the current study reported interactions 

with either Midwives or Health Visitors and reported  that they 

had sought advice and information on caring for their infant.  

From the research sample only one mother had a direct 

communication from a Practice Nurse with regard to her infantôs 

weight status which she dismissed as she believed that the 

pract itioner with the most knowledge on infant growth was her 

Health Visitor  who had expressed no concerns with her childôs 

growth.  None of the parents interviewed identified concerns 

with regard to their infantôs weight.  A systematic review of lay 

beliefs ab out infant size and growth identified that notions of 

healthy size and growth were dominated by the concept of 

normality.  Lay participants created ñnormsò by assessing and 

comparing size and growth against several reference points 

including: medical defin itions, comparisons with other children, 

use of clothing sizes, inherited differences , and quality of care.  

All of which were referred to throughout the interviews.  

However, when size or growth differed from these norms, 

explanations were sought that cou ld account for this difference.  

Only when no plausible explanation could be found did growth or 
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size become a worry for parents [ 322 ] .  Walker et al  (2007) 

found that community staff, including General Practitioners and 

Practice Nurses were reluctant to speak to mothers with regard 

to infant overweight reporting concerns about the sensitive 

nature of the subject and the negative effect that bringing 

attention to a childôs weight might have on their relationship 

with the family unit [ 330 ] .  Redsell et al  (2017; 2011) also  

encountered similar responses from Health Visitor s, General 

Practitioners and Practice Nurses [ 206 , 331 ] .  However, despite 

a greater knowledge of the health risks associated with obesity, 

General Practitioners and Practice Nurses reported a low level of 

concern about infants who may b e at risk of developing 

childhood obesity [ 331 ] .  Whilst community staff  with regular 

contact with infants may be concerned with preserving a 

positive relationship with a family unit the failure to 

acknowledge infants at ris k of early childhood 

overweight/ obesity could be viewed by parents as affirmation of 

successful parenting and a positive indicator of infantôs health.  
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3.15  Conclusion  

The promotion of healthy feeding is recognised as being an 

important obesity prevention strategy.  But parental efforts to 

achieve healthy infant feeding are strongly influenced by 

individual, cultural and societal beliefs [ 205 ] .  This study has 

shown how the parental beliefs of caring for at risk infants might 

influence feeding behaviour.  

The study found that parents are unconcerned about infant size 

and that there is actually an expectation that an infant will be 

big and this expectation starts in pregnancy.  There were no 

anxie ties expressed by any parent in regard to their infantôs size 

and equally there were no concerns on the impact of further 

health.  Weight gain is believed to be healthy and a positive 

indicator of successful feeding.  Mothers although they recognise 

that t hey feed to soothe or to manipulate an infantôs behaviour 

(i.e.  sleep ) , they fail to recognise these behaviours as 

overfeeding.  There was evidence of mismatched feeding cues 

with the belief that breastfed infants cannot be overfed.  Infant 

size was taken as an indicator to commence weaning with 

parents believing that a bigger infant required more food, which 

in infants with a genetic predisposition to obesity can only 

increase  the risk of later overweight/ obesity.  
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All of the parents reported regular contact with healthcare 

professions for growth and development reviews.  Yet only one 

mother received advice on overfeeding.  Whilst parents reported 

that healthcare professionals had concerns with regard to weight 

loss and encouraged feeding practices to compensate for that 

weight loss, the ambiguity surrounding rapid weight gain from 

healthcare professionals was understood by parents to be an 

acknowledgement of healthy infant growth.  Whilst Redsell et al  

(2017) reporte d that Health Visitor s had anxieties about raising 

the topic of weight with parents,  healthcare professionals need 

to recognise the impact of rapid weight gain on future obesity 

risk and that parental feeding beliefs may be modifiable [ 206 ] .  

The parental b eliefs identified are all underpinned by the 

propensity for overfeeding with a desire for weight gain rather 

than feeding in response to their infantôs hunger and satiety 

cues.  The findings from the current study identify two main 

areas for investigation.   Firstly healthcare professions working 

with preschool children are aware that the prevention of child 

overweight should begin early and focus on the parents as the 

primary agents of change.  However, it has been identified that 

healthcare professionals h ave anxieties with regard to labelling a 

child and alien at ing the family unit.  The second is that parents 

appear to be unconcerned about their childôs weight and the 

associated impact on lifelong health.  Therefore, the focus of the 
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thesis now seeks to di scuss the implications of the results and 

the potential impact on clinical practice.  

3.16  Strengths and limitations  

The aim of this study was to explore parental beliefs around 

caring for infants with risk factors for child obesity with a view to 

informing the development of a targeted behaviour change 

intervention.  A key strength of this study is the recruitment of 

parents of an infant with a major risk factor for early childhood 

obesity; either macrosomia and/or rapid weight gain.  Recruiting 

participants via Sure Start Childrens Centres in socially deprived 

areas was also a strength of the study.  However, the 

participants who volunteered were more socially advantaged 

educationally.  Breastfeeding mothers and two -parent families 

wer e also overrepresented.  As we did not record the 

participantôs postcode we were unable to show the proportion of 

socio -economically deprived participants.  It may  have 

strengthened the diversity of the recruits if following NHS ethical 

approval, we had re cruited from NHS clinical lists.  However, as 

Redsell et al  (2017) cautions this could potentially reduce 

parental engagement [ 206 ] . 

One of the researchers, who undertook the field work for the 

study, is a qualified Health Visitor the other two are medical 

students not yet in clinical practice. The óhealth-care 



203 
 

professional -as-researcherô is uniquely placed as they are 

already immersed in the field and have important insights into 

patient issues [ 332 ] .  However, they can add a significant power 

imbalance and raise difficulties for participan ts in how free they 

feel to be open and/or critical [ 333 ] .  At the time of the study 

the researcher was not practising and this information was 

shared with the participants.  This research was u ndertaken in 

areas where the researcher had never practised and, therefore, 

could not have had a professional relationship with the parents.  

 

 

 

 

 

 

 

 

 

 

 



204 
 

4  CHAPTER FOUR  

4.1  Summary of key findings  

In an area with a high rate of child obesity, the overall 

prevalence of macrosomia in the 2008 Nottingham birth 

research cohort was 12.2%, higher than the 2008 national rate 

of England and Wales which has been reported as 11% [ 160 ] .  

Temporal trends of average birth weights are increasing with 

birthwe ight distribution of live single births shifting towards 

heavier births [ 334 ] .  Male i nfant s were found to have a 1.9  

increased risk of macroso mia and a 1.4  increased risk of rapid 

weight gain compared to females.  Asian ethnicity appeared to 

be protective for both macrosomia (54%) and rapid  weight gain 

(30%) compared to W hite infants.  Bla ck ethnicity was 

associated with over a  three - fold increased  risk of being 

overweight at aged two.   

The relationship between the independent risk factors for 

childhood obesity and deprivation was not straightforward .  

Infants in the most deprived area had  a lower rate of 

macrosomia compared to the modera tely deprived area (quintile 

3), w hilst infants in the most deprived areas (quintile 1 and 2) 

had a 1.2 increased risk of rapid weight gain compared to the 

least deprived areas (quintile 3,  4 and 5).  For t hose infants 

born macrosomic in the most deprived areas, the risk of rapid 

weight gain increased more than two - fold compared to infants in 
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the least deprived areas.  Being classified as macrosomic at 

birth increased the infantôs chances of being overweight  at age 

two by 3.9 .  For those i nfants who grew rapidly in their first 

year , they  had an 2.4 increased chance of being ove rweight at 

aged two.  

For infants who were born big and/or grew rapidly , analysis of 

the interview data revealed a number of parental b eliefs that 

were likely to maintain this situation.  Parents were unconcerned 

about their childôs high weight and justified high weight status 

with a variety of explanations including familial traits: ñHeôs 

(father) very tall and fairly broad heôs 6 2 I think and yeah fairly 

sturdily built (laughter) so yeah she was always going to be she 

was never going to be a petite dainty little thing I donôt thinkò.   

Weight gain was believed to be positive and indicative of health 

and parents also held the belief that  maintaining or crossing 

centile lines was a reflection of a successful feeding regime as 

revealed in the following example: ñHe was tracking on his line 

like nicely so he was eating a good amount.ò  The belief that 

weight gain is an indicator of health ca n also be attributed to 

Health Visitors too.  Parents reported being encouraged to add 

top up feeds by Health Visitors to encourage weight gain , and in 

the case of one mother the lack of concern demonstrated by the 

Health Visitor for her rapidly growing ch ild was evidence of 
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approval and as such she refused to see her General Practitioner 

when invited to discuss her sonôs weight. 

Parentsô understanding of feeding baby demonstrated a 

propensity for overfeeding.  Many of the parents held the belief 

that their  infant should be fed on demand, equating a crying 

child with a hungry child as expressed by this mother ñAs soon 

as sheôd cry she was on the boob feed her you know, I didnôt 

wait and think oh it was only 10 minutes ago she canôt be 

hungry again, we just p ut her on all the time.ò  For those 

mothers who breast fed there was a strongly held belief that you 

cannot overfeed a breastfed infant and therefore both hunger 

and satiety cues could be overlooked as succinctly put: ñBoob 

solves everything, nothing else w illò. 

Parentsô weaning decisions were heavily influence by infant size 

with parents believing that bigger infants required earlier 

weaning and more food was related to their size and not their 

age as stated by this mother: ñHeôs having baby porridge, 'cause 

obviously he's a big baby and 'cause he was just constantly 

wanting to feed on to meé Only a little bit, just ócause he 

needed something else. ò  ñHe wouldn't have been able to cope 

until he's 6 months! He'd be wasting away! ò  Parents discussed 

feeling overwhelmed by the plethora of feeding advice available 

in the actual and online communities and this led to overfeeding 
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practices with parents reporting that they were guided by their 

infant with respect to food quantities.  

4.1.1  Li mitations with i nfant weight data . 

As discussed earlier in the thesis a limitation of the quantitative 

research was the large quantity of missing data.  The majority of 

one year lost to follow up infants resided in NHS 

Nottinghamshire County (n=3782).  Dur ing the early stages of 

analysis the data was interrogated to identify whether the 

missing data was unique to one particular Nottinghamshire 

Primary Care Trust ( PCT) , as in 2008 Nottinghamshire was 

comprised of six individual Primary Care Trusts.  There ap peared 

to be a uniform distribution of missing data across those six 

PCTs.  The interrogation then focused on child growth 

surveillance to identify differences in practice between 

Nottinghamshire County PCTs and Nottingham as a single PCT.  

Utilising a cli nical network facilitated by a Health Visitor Team 

Leader recruited as a patient and public involvement (PPI) 

volunteer, we were able to ascertain that there were in fact 

differences in child growth surveillance between Nottingham PCT 

and the Nottinghamshi re County PCTs.  The two main 

differences were the introduction of ñself-weighò clinics, in which  

parents could weigh their infant and self - record  the infant 

weight  in their Personal Child Health Record (PCHR), which 

bypassed uploading to SystmOne.  Genera l Practitioner practices 
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had also adopted growth measuring as part of the child 

vaccination schedule.  Currently , the NHS has no integrated 

personal care record system.  General Practitioners as 

independent practitioners are able to utilise an electronic p atient 

record system that meets their needs, however, not all patient 

record software can  feed into and update the central NHS 

database, SystmOne.   

4.1.2  Association between obesity and deprivation in 

young infants.  

The association between socioeconomic status and risk factors 

for early child overweight has previously produced conflicting 

evidence.  Analysis of the Quebec Longitudinal Study of Child 

Development (QLSCD) data collected from a prospective cohort 

of child ren born in 1998 used two measures of socioeconomic 

status, maternal education and house income at birth [ 26 ] .  In 

this cohort (n=2,103) 10.7% were born macrosomic, however 

there was no statistical association between macrosomia and 

either maternal education or household income at birth.  Rapid 

weight gain was not measur ed in this study.  In adjusted 

analysis, low income at birth (<$20,000) was associated with a 

2.2 increased risk of overweight at age 4.5 years compared with 

high household income at birth (Ó$60,000).  There was no 

association with maternal educational lev el.   
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The results from the UK Millennium Cohort Study, a prospective 

nationally representative study of children born between 2000 

and 2002, utilised three measures of socioeconomic status, 

maternal education, maternal employment and annual 

household incom e [ 24 ] .  Although this study found some 

evidence of a socioeconomic gradient in childhood overweight at 

age 3 (at p=0.1 level) in unadjusted analysis.  Once the model 

was adjusted for individual, family, community and area - level 

factors, only lone parenthood sta tus was significant in the final 

model.  Following a systematic review and meta -analyses of risk 

factors for childhood overweight identifiable in early infancy, no 

association was found between socioeconomic status at birth 

measured by maternal education a nd the risk of overweight in 

childhood [ 13 ] .   

One of the aims of this thesis was to establish an association 

between obesity and socioeconomic deprivation in young 

infants.  However, this relationship was not straightforward.  In 

the deprived area there was a lower rate of macrosomia 

compared with the moderately deprived area. An explanation for 

this non - linear relationship may be that the most deprived 

quintile includes a higher proportion of younger mothers, 

mothers with low birthweight infants , and mothers who have 

lifestyle behaviours which affect foetal growth such as smoking.  

Maternal smoking during pregnancy is associated  with foetal 
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growth retardation, an increased risk of pre - term delivery, and 

low birthweight [ 335 ] .  Adult smoking prevalence is highly 

associated with socioeconomic status.  In 2007, the Health 

Survey for England reported that there was a 2.5 - fold difference 

in female smoking prevalence for those living in the poorest 

households in England compared to those in the most affluent 

(HSE 2007 32% v 13%)  [ 336 ] .  Although maternal smoking in 

pregnancy can result in foetal growth restriction, studies have 

also found that infants exposed to smoking in utero  exhibit rapid 

postnatal weight gain [ 337 , 338 ] .  However, maternal smoking 

in pregnancy may itself be a proxy marker for socioeconomic 

circumstances and might be confounded by other lifestyle 

factors, such as poor diet [ 12 , 339 ] .  The subsequent rapid 

infant weight gain resulting from these maternal lifestyle factors 

is a well -established risk factor for later child overweight.  At 

age 5, there is a strong positive relationship betwe en 

deprivation and obesity prevalence.  The results from the 

National Child Measurement Programme, England (2012 -2013), 

identified that obesity prevalence among Reception children 

attending schools in the least deprived decile was 6.4% 

compared to 12.1% am ong those attending schools in the most 

deprived decile [ 183 ] .   

For the Nottinghamshire 2008 birth cohort, the non - linear 

association between macrosomia and deprivation may have 
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been influenced by maternal lifestyle behaviours.  At birth these 

infants exhibit rapid growth, suggesting that these  infants are 

using a survival mechanism to ñcatch upò on growth with an 

abnormally high velocity until the original or normal growth 

trajec tory is reached [ 53 , 184 ] .  Although there was a 1.2 

increased risk of rapid weight gain for infants born in the most 

deprived areas compared with least deprived, th e large 

proportion of missing data at year one, especially from those 

infants in the more deprived areas is likely to have 

underestimated rapid weight gain rates.  

A systematic review of prospective observational studies, Weng 

et al  (2013) identified strong evidence that high birthweight, 

early rapid weight gain, maternal pre -pregnancy overweight, 

and maternal smoking in pregnancy increased the likelihood of 

childhood overweight [ 13 ] .  From this systematic review, most 

of the identified risk factors are static (non -modifiable) [ 13 ] , 

however, early rapid weight gain may be dynamic (modifiable) if 

healthcare practitioners recognise this infant growth pattern of 

concern.  

4.1.3  Identifying an infantôs weight trajectory 

Studies have repeated ly shown a  robust association between 

rapid infant weight gain and subsequent childhood obesity as an 

outcome measure [ 340 ] .  The World Health Organisation (WHO) 
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advocates the use of the weight for age Z -score classification as 

an outcome measure in children , as it expresses the 

anthropometric value as the number of standard deviations (SD) 

below or above the reference value.   

For population -based use interpreting the results in terms of Z -

scores has several advantages:  

1. Z -scores have the same statistical relation to the 

distribution of the reference (around the mean at all ages) 

which makes results comparable across ages, g roups , and 

indicators.  

2. Z -scores can also be sex independent so permitting the 

evaluation of childrenôs group status by combining age and 

gender groups.  

3. The characteristics of Z -scores allow further calculation 

of summary statistics to classify a popu lationôs growth 

status [ 341 ] . 

However, calcula ting a Z -score requires an accurate 

measurement of both weight and age and clinicians may be 

hesitant to calculate the score, although online Z -score weight 

for age ca lculators are available such as  

http://www.who.int/childgrowth/standards/weight_for_age/en/ . 

http://www.who.int/childgrowth/standards/weight_for_age/en/
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Clinically an increase of 0.67 SD represents an upward crossing 

of one centil e band when plotted on a gender -specific weight -

for -age centile chart, representing rapid weight ga in [ 342 ] .   

Within the NHS Healthy Child programme [ 147 ]  between birth 

and a childôs first birthday there are a minimum of  three  

universal contacts with community health teams, including 

Midwives, Health Visitors , and General Practitioners during which 

an infant weight should be measured and monitored.   

4.1.4  Interpreting growth trajectories in clinical practice  

The weight of an infant plotted over a period of time is expected 

to track fairly close to the weight for age Z -score, represented 

by a centile band on the gender -specific weight for age centile 

chart.  This is clas sified as normal growth (Table 23  CHILD A ).  

As discussed previously ( section 2.3.4 ) with rapid weight g ain, 

weight plotted on a gender -specific weight for age centile chart 

will display a weight gain trajectory that upwardly crosses on e 

or more centile bands (Table 23  CHILD B).  Conversely, an 

infant with a high birth weight or following rapid weight gain 

may experience a period of slow growth which realigns an 

infantôs body weight to their genetically determined trajectory, 

catch down growth (Table 23  CHILD C).  
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Table 23  -  Normal, rapid and catch down growth examples . 

 

It has been suggested that following the escape from the strong 

maternal influence on intrauterine growth, large for gestational 

(LGA) infants return to their genetically -determined growth 

trajectory [ 343 ] .  In 1980, Davies et al  reported a rapid 

downwards shift in length in the first three months of life in LGA 

infants as well as slower than avera ge weight gain in the first six 

months [ 343 ] .  Taal et al  (2013) further confirmed catch down 

growth in LGA infants in both length and weight occ urs in the 

main in the first six months of life [ 344 ] .  In addition, Chiavaroli 

(2015) reported that LGA infants display slower length and 
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weight velocity, so by the age of six months LGA infants are 

anthropometrically similar to infants born appropriate for 

gestational age [ 345 ] .  From Study Two there a re reported 

examples of Health Visitors encouraging overfeeding of 

macrosomic infants in order that they maintain weight gain, 

represented by tracking their centile band.  Yet these infants 

may have been demonstrating catch down growth.  As catch 

down grow th affects both length and weight, the trajectory of 

both weight and length will both appear to level off.   

There is a strong emotive response from mothers whose infants 

appear to be either losing weight or gaining weight slowly which 

are reported in Stud y Two.  Therefore it is imperative to 

clinically recognise and report to parents the signs that an infant 

is feeding well (Figure 8 ).  

Figure 8 -  Clinical Signs that indicate an infant is feeding well  

 

 

 

 

Bennett, R. 2016 Catch down growth 

www.babycareadvice.com/article/detail/Catch -down_growth  [ 346 ]  

 

¶ He/she has a healthy layer o f body fat  

¶ He/she is outgrowing their clothes  

¶ He/she displays hunger  

¶ He/she appears satisfied by the amount that he/she is willing to drink  

¶ He/she is energetic and active  

¶ He/she is genera lly content between feeds (except  when bored or tired)  

¶ He/she sleeps well  

¶ He/she has 5 or more wet nappies in a 24 hour period  

¶ He/she has regular bowel motions.  

http://www.babycareadvice.com/article/detail/Catch-down_growth
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All catch down infants will require careful monitoring until the 

genetically appropriate growth trajectory is achieved.  The 

empirical evidence reviewed in this chapter suggests that this is 

within the first six months of life.  

However, rapid weight remains a strong independent risk factor 

for early childhood obesity.  The results from Study One found 

that rapid weight gain  was associated with a 2.4  increased risk 

of being above the 91 st  centile for weight at age two.  

Additionally , although the sample size was small (n=36) , infants 

in the two most deprived quintiles with macrosomia had twice 

the risk of having rapid weight gain compared to macrosomic 

infants in the three least deprived quintiles.  Therefore for some 

LGA infants , the same obesogenic  environment which 

predisposes macros omia may also increase the risk of rapid 

weight gain.  

4.1.5  Implications for practice  

Health Visitors need to be aware that catch down growth is a 

compensatory growth pattern that realigns the infantôs growth 

pattern to their genetically determined trajectory.  By 

advocating overfeeding in order to achieve concordance with 

weight for age growth reference curves, they are inadvertently 

altering the hunger and satiety cues.  
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Community healthcare providers including Health Visitors, 

General Practitioners , and Practic e Nurses must better 

understand patterns of healthy growth and those of concern and 

communicate these effectively to parents and carers of infants.  

There is strong evidence that early rapid weight gain increases 

the likelihood of childhood obesity [ 12 ] .  Yet in Study One over 

40% of infants had no weight recorded on SystmOne at one 

year.  In order to identify rapid weight gain, the infantôs weight 

needs to be known.  Therefore, the introduction of a Health 

Visitor universal child growth review between t he existing birth 

and one year contacts would provide an opportunity to identify 

and monitor growth patterns of concern.  As discussed in section 

2.5, r apid weight gain has been associated with early life 

feeding .  The data from Study Two identified  that p arentsô 

understanding of feeding , demonstrated a propensity for 

overfeeding, and parentsô weaning decisions were heavily 

influenced by infant  size .  For  infants  weaned early, the higher 

dietary intake at four months has been associated with greater 

gains i n weight between birth and ages 1, 2, and 3 years [ 347 ] .  

Therefore, if a un iversal child growth review was initiated at four 

months and a rapid weight gain indicator introduced on 

SystmOne, nationally , healthcare professionals would be able to 

readily identify infants who may benefit from early intervention 

to reduce the risk of early childhood obesity.  
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4.1.6  Early interventions for preventing childhood 

overweight  

Parental practices for infant feeding may hav e a direct impact on 

the quality and quantity of food intake, rapid infant weight gain 

and the development of obesity in later life [ 348 ] .  Infants self -

regulate their energy intake from birth with feeding initiated in 

response to hunger and concluded in response to satiation 

signals [ 349 ] .  Infants , in particular , are dependent on parents 

and caregivers for f eeding , and ultimately an infantôs ability to 

self - regulate is influenced by parental or caregivers decisions 

about how and when to feed a child [ 349 ] .  The use of food as a 

strategy to soothe infants is also associated with poor sleep 

habits and may also be a contributing factor in weight gain 

[ 350 ] .   

A systematic review of randomised controlled trials of 

interventions that aim to reduce the risk either directly or 

indirectly, of overweight in infancy and early childhood identified 

27 unique trials [ 351 ] .  The inte rventions identified were 

designed to reduce the risk of overweight and obesity from birth 

to seven years of age and included those t hat commenced 

antenatally and/ or during the first two years of life.  The review 

found that interventions that aim to impro ve diet and parental 

responsiveness to infant cues improved feeding practice and had 

some impact on child weight.  A further systematic review that 
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included both complete and incomplete interventions occurring 

in the first 1,000 days (from conception throu gh to 24 months) 

included the prevention of childhood overweight/obesity as an 

outcome between 6 months to 18 years [ 352 ] .  This review 

found only a small number of effective early life interventions for 

childhood obesity with on ly two of the published interventions 

meeting all criteria for high quality study design, the NOURISH 

trial  [ 204 ]  and the German Infant Nutritional Intervention study 

which studied the long - term effect of hydrolyzed protein infant 

formula on growth [ 353 ] . 

It would appear that interventions that target parental feeding 

behaviours that influence hunger and satiety cues and soothe to 

sleep techniques may  contribute in the reduction of rapid infant 

weight gain.  In Chapter Three (section 3.2) the WIC (Kavanagh 

2008); SLIMTIME (Paul 2011) and NOURISH (Daniels 2013) 

randomised controlled trials were reviewed [ 201 , 204 , 354 ] .  

Additionally, published in 2016, the INSIGHT parenting 

intervention had a central hypothesis that responsive feeding 

will promote self - regulation and shared parent -child 

responsibility for feeding reducing the risk of overeating and 

overweight [ 355 ] .  D eveloped from the SLIMTIME pilot [ 354 ] , 

the study design was a two -arm randomised controlled trial 

recruiting all English speaking mothers over the a ge of 20, with 

a singleton full - term infant.  In this study , nurses d elivered 
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interventions in both study arms during four home visits in the 

first year, followed by annual follow up visits at a clinical 

research facility at ages 1, 2 and 3 years.  

The intervention arm comprised of obesity prevention messages 

delivered at e ach home visit that included infant feeding, sleep 

hygiene, active social play, emotion regulation , and growth 

record education.  The control group received developmentally 

appropriate home safety messages.  Although the priori 

outcome measure for the stud y was BMI Z -score at 3 years, in 

the interim published paper the main outcome measures were 

conditional weight gain from birth to 28 weeks and overweight 

status at age 1.  In addition , the randomis ation scheme 

stratified on both birthweight for gestational  age (<50 th  or Ó50th  

percentile) and intended feeding mode (breastfeeding or formula 

feeding).  Conditional weight gain (CWG) was calculated as 

reported by Griffiths et al  (2009) [ 356 ]  as the standardised 

residuals from the linear regression of the 28 -week weight z -

score on birthweight z -score, with age and s ex entered as 

covariates.  The conditional weight gain z -score has a mean of 0 

and a standard deviation of 1 and is normally distributed.  A 

positive value indicates a faster,  and a negative value a slower  

rate of weight gain compared with the population m ean weight 

gain.  
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The study cohort comprised of 279 mother - infant dyads and 

attrition at 28 and 52 weeks was reported at 3.6% and 10% 

res pectively.  All missing data were  imputed.  The results show 

that at 6 months the mean CWG was negative for the 

interven tion arm (mean -0.18; 95% CI -0.36 to 0), whilst the 

CWG for the control arm was positive (mean 0.18; 95% CI 0.02 

to 0.34).  At age 1 there were 5.5% (n=7) infants classified as 

overweight (weight for length Ó 95th  centile) compared to 

12.7% (n=16) in the control group.  The effect of the responsive 

parenting intervention on CWG from birth to 28 weeks did not 

vary by feeding mode and the results for birthweight 

stratification were not reported.  The results for the priori 

outcome measure, BMI z -score at 3 y ears  were published in 

2018 [ 357 ] .  It was reported that the interventional group had a 

lower mean CWG BMI z -score at -0.13 than the control group 

0.15.  The absolute z -score difference  for the two groups was 

less than the pre -specified clinical definition of rapid weight gain 

(0.67  SD), at 0.28  SD.  

The INSIGHT trial did not explicitly focus on nutrition, feeding , 

and obesity in discussion with parents, optin g to use a ñstealthò 

approach  to  preventing childhood obesity [ 355 ] .  Stealth does 

not imply deception or manipulation in this context but the 

process of motivating a behavioural change.  Robinson (2010) 

suggests that behavioural change depends on two types of 
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motivation [ 358 ] .  One is motivation to adopt behaviour  and 

achieve a particular outcome ï outcome motivation.  The other 

is motivation to participate in the intervention itself ï process 

motivation.  Medical and public health interventions tend to 

focus on outcome motivation by focusing on the risks posed by 

obesity and other chronic health states.  As motivating forces 

such as fun, choice, social interaction, sense of accomplishment 

and peer approval/disapproval are the factors that are more 

likely to predict whether an individual will participate in the 

proc ess of behavioural change .  Robinson (2010)  suggests that 

it is the process that is important and therefore, interventions 

can be successful if designed to focus on intrinsically motivating 

characteristics of behavioural change without appearing to be 

dire ctly related to obesity, a ñstealth interventionò.  In the 

INSIGHT trial the mothers were invited to participate in a 

research study the purpose of which was ñto see if nurse visits 

to your home during your babyôs infancy can improve your 

ability to either  respond to your childôs cues related to feeding 

and fussiness or improve your ability to provide a safe 

environment for your child and prevent injuriesò ([ 355 ] page e3).  

The results showed a significant difference in weight gain in the 

first six months bet ween the intervention and  control arms.  

However, by log - transforming highly skewed data to less 

skewed, the analysis has effectively flattened the growth 
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trajectory from birth to six months.  It is difficult to assess the 

differences in weight gain betwee n the two arms or to determine 

whether a specific interventional message, i.e. delay weaning, 

had an effect.  As the study was powered to detect a 0.67 

difference in BMI z score at 3 years, to provide consistency the 

results at six months could have been p resented to detect a 

0.67 difference in weight for age z score at 28  weeks.  At 1 year 

although overweight status is reported as a classification of 

weight for length Ó 95th  centile, for the UK -1990 classification 

this represents obesity.  Gi ven the small number of obese one -

year -olds in the intervention arm, it is difficult to ascertain 

whether these infants remained big or had undergone a period 

of rapid weight gain.  The study reports that the mothers were 

recruited from a single hospital and as a group were  well 

educated, therefore  the results cannot be generalised to other 

populations.  

For the universal early interventions for preventing childhood 

obesity that showed promise on parental behaviour and rate of 

infant weight gain, the inclus ion criteria i ncluded all first - time 

singleton infants born at term.  Although the SLIMTIME pilot 

study stratified randomisation by pre -pregnancy BMI to either 

below 25Kgm 2 or above 25Kgm 2, this stratification was dropped 

in the INSIGHT randomised control trial.  The mo dest results 

reported in these studies may be improved if the interventions 
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were targeted towards infants at greater risk of early childhood 

overweight.  

The results from Study O ne indicated in unadjusted analyses 

that infants born in the more deprived area s (quintiles 1+2) had 

a 1.2 times increased risk of rapid weight gain compared to the 

least deprived areas (quintiles 3, 4 +5),  However, after 

controlling for the other predictors, there was no association 

between IMD quintile and rapid weight gain.  Weng  et al  (2013) 

systematic review and meta -analyses, also found no association 

between socioeconomic status at birth and the risk of 

overweight in childhood [ 13 ] .  Therefore, responsive parenting 

educational interventions for the primary prevention of obesity 

may be more effective if the interventions were targeted 

towards infants with rapid weight gain rather than 

socioeconomic status.   

4.1.7  Targeted early interventions for preventing 

childhood overweight  

Weng et al  (2013) utilised the UK Millennium Cohort Study data 

with the aim of developing and validating a risk score algorithm 

for childhood overweight based on a  prediction model in infancy 

[ 13 ] .  The strongest factors predicting overweight at age three 

were found to be; female gender, rapid weight gain in the first 

year of life, high maternal pre -pregnancy BMI, high paternal BMI 

and never breastfed.  Socioeconomic status did not improve the 
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pred iction.  Following categorisation of the risk factors , an 

integer score was assigned and  the Infant Risk of Overweight 

checklist (IROC) was developed that predicts the risk score of a 

child being o verweight at age three (Figure 9 ).  The IROC 

checklist was validated using the data obtained from the Avon 

Longitudinal Study of Parents and Children (ALSPAC) children -

in - focus prospective birth cohort that followed up children and 

their families until five years of age [ 15 ] .  The resul ts confirmed 

that the IROC algorithm is a valid measure of risk predicting 

overweight in childhood up to the age of five.  

Figure 9 -  Risk Scoring algorithm for overweight risk in children 

derived from Weng et al  (2013) using factors that can be 
identified in the first year of life [12, 13, 15]  
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To assess the feasibility and acceptability of using digital 

technology incorporating the IROC checklist for the proactive 

assessment of obesity during infancy (ProAsk), a multicentre, 

pre -  and post - intervention feasibility study with process 

evaluation was conducted [ 206 ] .  The ProAsk intervention 

comprised of two stages.  Firstly, the IROC assessment of infant 

risk status, resulting in either a (population risk) "your babyôs 

risk of being above a healthy weight is the same as other 

babies" or an (above population risk) "y our babyôs risk of being 

above a healthy weight is more than other babies" outcome 

score.  Following the assessment, Health Visitors offered parents 

who received the above population risk score an opportunity to 

explore the therapeutic wheel [ 206 ] (Figure 10 ).  
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Figure 10  -  Therapeutic wheel showing the options to support a 

healthy weight.  

 

Redsell et al  2017  

The therapeutic wheel is an interactive graphic promoting 

evidence -based  behavioural change strategies i n four domains: 

active play; milk and solid foods; sleep and soothing and infant 

feeding cues.  It was designed to prompt Health Visitors to use a 

motivational interview approach to build parental self -efficiency 

for agreed behavioural goals, which were su pported by leaflets 

left with the parent as a cue to action for behavioural change.  

Motivational interviewing (MI) can be defined as a directive, 

client -centred counselling style for eliciting behaviour change by 

helping clients to explore and resolve unce rtainty [ 359 ] . 
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Compared with nondirective counselling, it is more focused and 

goal -directed  [ 360 ] .  In a critical review , MI has been found to 

be effective in the promotion of change with a wide range of 

health behaviours [ 361 ] .  The principles of MI are succinctly 

illustrated by the ac ronym RULE as shown in Figure 11  [ 359 ] . 

Figure 11  -  Principles of MI illustrated by the acronym RULE   

 

 

 

 

 

In adults a North American study, project CHAT, examined the 

use of motivational interviewing on weight loss at 3 months post 

intervention [ 362 ].  Adult patients with a BMI Ó25 attending for 

primary care non -acute visits were recruited to attend an 

encounter with a physician one week later.  The mean length of 

the MI was reported at 3.3 mi nutes.  Quality of the MI was 

evaluated using three assessment tools.  Firstly, the 

Motivational Interview Treatment Integrity scale (MITI) stated 

as a reliable and valid assessment of motivational interview 

technique.  In addition an assessment of the glo bal rating of 

ñempathyò and motivational interview ñspiritò which included 

R:  Resist the righting reflex.  

U : Understand and explore the patientôs own motivations. 

L : Listen with empathy . 

E: Empower the patient, encourage hope and optimism.  

Rollnick; Miller and Butler 2008 C hapter 1 pg 7  
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three components: evocation (eliciting patients own reason for 

change), collaboration (acting as partners) and autonomy 

(conveying that change only come from patients).  

For patients  whose physician had a high global motivation 

interview ñspiritò score (ie collaborated with the patient) the 

estimated weight loss at three months was  1.6kg (95% CI -2.9, -

0.3 ) compared to those whose physician had a low global 

motivation interview ñspiritò score gaining an estimated 0.2kg 

(95%CI - .02,0.6).  In this study , 426 (92%) of recruit ed 

patients completed the three -month follow -up.  The correla tion 

between baseline and three -month weight was estimated at 

0.98 indicating that for this study r egression to the mean did not 

occur.  This study convincingly supports motivational interviews 

for weight management in adu lts were even a three minute MI -

based intervention can promote weight loss.  As maternal 

obesity is the strongest independent risk fa ctor for macrosomia 

[ 21 , 40 ] , interventions that use motivational interviews to 

prevent excessive gestational weight gain  in overweight/obese 

pregnant women may improve the outcomes for both mother 

and child.  

A Swedish pilot study evaluated the effect of a behavioural 

intervention fo r pregnant women with a BMI Ó30kgm2 on 

gestational weight gain and postpartum weight retention [ 363 ] .  
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The published study reports the results of the first 50 women 

recruited to the intervention and the matched controls.  Both the 

intervention and control group received standard antenatal care 

comprising of approximately 9 midwifery visits throughout the 

pregnancy.  All the Midwives engaged with intervention were 

trained in motivational interviewing.  The intervention group also 

received two extra 30 minute appointments early in pregnancy 

and an additional 5 minutes per routine visit dedicated to 

lifes tyle coaching.  All  the women in the intervention group were 

offered individualised dietary advice, a prescription for physical 

activity, walking equipment, access to food discussion groups 

and information on community health centres.  The highest 

uptake rate for the optional services was for pedometers with 

50% of the intervention group using the device.  Weight was 

recorded at each antenatal visit for both groups.  

The results identified that the mean total weight gain for the 

intervention group was 8.6 kg compared with 12.5kg for the 

control group.  For postpartum weight retention , the 

intervention group had a mean BMI of 33 kgm 2 (enrolment BMI 

mean=33.1 kgm 2) whilst the control group had an increased 

mean postpartum BMI at 33.3 kgm 2 (enrolment BMI mean=32.6 

kgm 2).  Although it is not possible to determine which parts of 

the intervention were the most effe ctive.  The findings suggest 

that for obese pregnant women adh ering to and completing a 
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short - term antenatal healthcare intervention can limit both 

gestational and postpartum weight gain.  

Although stated in the NHS (England) National Health Visiting 

Servic e specification 2014/15 [ 364 ]  that motivational 

interviewing is a remit of the Health Visiting service, most 

Health Visitors in the ProAsk study showed parents all the 

preventative information available on the therapeutic wheel 

rather than guiding them towards their own goals for beha viour 

change, suggesting that that Health Visitors found this approach 

challenging in a subject area that they found uncomfortable 

[ 206 ] . 

Macrosomia and rapid weight gain are well established 

independent risk factors of early childhood obesity [ 102 ]  and 

rapid weight gain is potentially modifiable if identified during 

early life [ 206 ] .  Presently, the Health Visiting teams have t he 

skills to promote evidence -based behaviour change strategies 

through motivational interviews, delivered using the ProAsk 

therapeutic wheel interventions.  Y et despite identifying these 

at - risk infants , there is a gap between identification and the 

delivery of the intervention in clinical practice.  Whilst the IROC 

algorithm can identify infants at risk of early childhood obes ity, 

there appears to be a requirement to also identify parental 
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behaviours that contribute to rapid infant weight gain an 

independent risk factor for early childhood obesity.  

4.2  Future Research Directions  

The results from Study Two identified that parents of  infants at 

risk for early childhood obesity were unconcerned about their 

childôs weight and identified no future health risks.  T he risk 

factors for childhood obesity are well established and the need 

for early interventions to prevent childhood obesity w idely 

published.  However, c ommunicating with families about obesity 

has been recognised to be difficult and stressful.  Redsell et al  

(2013) investigated the beliefs and current practices of UK 

Health Visitors and other nurses within their team in relation to 

identifying and intervening with infants at risk of developing 

obesity [ 307 ] .  Thirty nurse members of Health Visiti ng teams 

were recruited and participated in a semi -structured telephone 

interview.  The results identified that whilst the Health Visitors 

and their associated nursing team had a poor understanding of 

non -modifiable risk factors such as macrosomia and the 

contribution to early childhood obesity, they also believed that 

parental preference for a bigger infant made it difficult for them 

to approach families about inappropriate rapid growth.  The lack 

of knowledge and reluctance to identify young children as b eing 

at risk for early childhood obesity by Health Visitors has been 

reported as a concern.  Data from a qualitat ive study exploring 
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the obesity - related know ledge of UK primary care health care 

professionals and the current practice of General Practitioners  

(GP) and Practice Nurses in identifying infants at risk of 

developing childhood obesity clearly identified that GPs and 

nurses had a low level of concern for infants at risk of 

developing obesity, but also believed that infant feeding advice 

was the Healt h Visitorôs area of expertise [ 331 ] .  As with Health 

Visitors, GPs also reported adopting a cautious approach to the 

subject of child obesity and as such this approach has been 

implicated in constraining their attempts to ide ntify infant 

obesity and/or improve parental feeding practices during routine 

consultations [ 331 ] .  Redsell et al  (2013) conclude that there is 

a need to develop tools and training to help healthcare 

professionals identify in fants at risk of developing obesity and to 

develop strategies to manage that risk without creating a sense 

of blame [ 307 ] .  

It is clear that further research is needed to improve the 

communication of overweight/obesity risk during infancy but 

also to explore strategies to support parents of the infants 

identified as being at risk.  For older children, the Child Feeding 

Question naire (CFQ) was designed to assess universally, 

parentsô perceptions and concerns regarding child obesity and 

child feeding attitudes and practices [ 365 ] .  Primarily the CFQ 

was designed for use in the research setting with parent s of 
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children aged 18 months to 8 years.  However, as rapid weight 

gain the in first year of life is an independent risk factor for 

future early childhood obesity [ 12 , 102 ]  and potentially 

modifiable it is important that overweight/obesity risk is 

communicated prior  to 18 months.   Within Section 4.1.5 , a 

recommendation that all infants are weighed at 4 months has 

been made.  This would allow the Health Visiting te ams the 

opportunity to assess the overweight/obesity risk based on the 

growth trajectory.  Therefore , a tool is required that would 

facilitate the communication of overweight/obesity risk during 

infancy that is acceptable for the Health Visiting teams and 

supports the parents in a manner that is neither judgmental nor 

stigmatising.  

Data from Study Two and the Harrison et al  (2017) qualitative 

systematic review [ 239 ]  have identified a wide variety of salient 

beliefs and practices in feeding infants in the first year of life.  

These findings could be used to develop checklists for healthcare 

professionals to enhance communication about the pr eventi on of 

rapid infant weight gain.  

Whilst these data provide a picture of current parental practices, 

they do not explore the complexity of the psychological, social 

or cultural factors that influence these feeding behaviours.  

Therefore, future researc h should be underpinned by a theory of 
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change.  In Study two, the Health Belief Model was used to 

identify parental beliefs and the drivers of those beliefs in caring 

for infants at risk of early childhood obesity.  In the 

development of a tool that would improve obesity 

communication between parents and healthcare professionals, 

the Theory of Planned Behaviour may be better suited as a 

theoretical underpinning to understand specific action -orientated 

behaviours such as infant feeding [ 222 ] .  As a summary of 

social -cognitive models is given in Chapter 3, section 3.4, the 

following discussion focuses o n the potential of the Theory of 

Planned Behavior (TPB) as a theoretical basis in further research 

into identifying further salient beliefs of parents caring for 

infants at risk for early childhood obesity.  TPB proposes that an 

individualôs intention to perform a behaviour is the most 

important determinant of their action.  Underlying TPB are the 

antecedents of attitude, subjective norms, corresponding salient 

beliefs which reflect both an individualôs intention and 

subsequent behaviour [ 222 ] .  The TPB has been widely used to 

predict breastfeeding intention [ 366 , 367 ] .  In these studies, 

TPB was used to elicit factors influencing breastfeeding initiation 

and duration, including attitudes to breastfeeding and bottle 

feeding, subjective norms and normative beliefs and perceived 

control and control beliefs [ 368 ] .  TPB has also been used to 

identify the determinants of parentsô intention to introduce 
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complementary feeding at six months [ 139 ] .  Conducted in 

Australia, Walsh et al  utilis ed both individual interviews and 

focus groups to identify factors influencing first -time mothersô 

decision making in preparation for and intention to commence 

complementary feeding.  A purposive, convenience sample of 21 

first time mothers self -selected to participate.  There was no 

sampling stratification.  Data were analysed thematically within 

the theoretical constructs: behaviour beliefs, normative beliefs 

and perceived control beliefs.  As found in Study Two, Walsh et 

al  (2015) [ 139 ]  also identified that concerns about infant weight 

were  a major influence in commencing complementary feeding 

before six months.  Infant hunger cues and/ or perceived 

readiness for solids were also frequently cited as a reason to 

in troduce early complementary feeding.  In addition , peer - to 

peer - influences w as identified as having a strong authority over 

behavioral intention and subsequent action.  The mothers in the 

Walsh et al  (2015) study also identified that knowledge changed 

over  time and sought advice from family and friends who had 

young children and therefore had recently been through the 

decision making process on when to start weaning [ 139 ] .  

Although some of the mothers valued the advice given by 

healthcare professionals, the authors refer to a UK (2010) study 

which reported inconsistent advice regarding complementary 

feeding timeframes from healthcare professionals [ 369 ] .  Whilst 
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this qualitative study was conducted in a single Australian region 

and therefore, the findings may not be generalisable, the 

authors state that theoretical generalis ation is possible.  

To date, using data from Study Two and from the Harrison et  al  

(2017) [ 239 ]  qualitative systematic review, parental salient 

beliefs on feeding infants in the first year of l ife have been 

extracte d (Table 24 ).  
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Table 24  -  Parental salient beliefs on feeding infants in the first year of life  

1. It is good that my baby is heavier than average because he is a boy Primary research 

2. My baby needs to stay at the top of the chart for weight because they were born large Primary research 

оΦ aȅ ōŀōȅΩǎ ǿŜƛƎƘǘ ƛǎ ŀ ƎƻƻŘ ƎǳƛŘŜ ǘƻ ǿƘŜƴ L ǎƘƻǳƭŘ ǎǘŀǊǘ ǘƻ ƛƴǘǊƻŘǳŎŜ ǎƻƭƛŘ ŦƻƻŘǎ Primary research 

4. I am not worried that my baby is bigger than average  Primary research 

5. My baby is growing fast but will slow down later Primary research 

6. Feeding is always the best way to soothe my baby id he/she cries Primary research 
Redsell et al 2010 [370] 
Hodges et al 2008 [188] 
Anderson et al 2001 [233] 

7. My baby needs to stay at the top of the chart for weight Primary research 

8. My Health Visitor wants my baby to stay at the top of the chart for weight Primary research 

9. My baby needs to eat more because he/she was born heavy Primary research 
Heinig et al 2006 [234] 
Anderson et al 2001 [233] 

10. Feeding my baby more in the day helps him/her to sleep at night Primary research 

11. I find making feeding decisions for my baby stressful Primary research 
Heinig et al 2006 [234] 
Anderson et al 2001 [233] 

12. I am pleased that baby is putting on weight fast Primary research 

моΦ aȅ ōŀōȅΩǎ ǿŜƛƎƘǘ ƛǎ ŀ ƎƻƻŘ ƎǳƛŘŜ ǘƘŀǘ ƘŜκǎƘŜ ƛǎ ŦŜŜŘƛƴƎ ǿŜƭƭ Primary research 

14. My baby needs to be at the top of his./her weight chart Primary research 

15. My health visitor wants my baby to eat more Primary research 
Redsell et al 2010 [370] 
Arden 2010 [369] 
 

16. Feeding my baby solids at night helps him/her sleep at night Primary research 
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Redsell et al 2010 [370] 
Heinig et al 2006 [234] 
Anderson et al 2001 [233] 
Horodynski  et al 2007 [371] 

17. My baby is happy when he/she feeds Afflerback 2013 [372] 
 

18. My baby needs more than milk because he/she is growing quickly Primary research 
Arden 2010 [369] 

19. Seeing my baby growing quickly makes me happy Harrison et al 2017 [239] 

20. My family helped me decide when to start weaning Primary research 
Heinig et al 2006 [234] 
Horodynski et al 2007 [371] 

21. My baby needs to be at the top of his./her weight chart Primary research 

22. Seeing my baby growing quickly makes me happy Harrison et al 2017 [239] 
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In order to expand and strengthen the current extracted parental beliefs 

in caring for infants in the first year of life, further exploration is required.  

The recommendations for future research studies that have emerged from 

this research thesis would include the following.  

To enhance and give a broad  perspective of parental beliefs in caring for 

infants at risk of early childhood overweight further interviews with a 

diverse sample of parents is essential.  

Redsell et al  (2011) identified a lack of knowledge and a reluctance to 

identify young children a s being at risk for early childhood obesity by 

Health Visitors [ 331 ] , the knowledge, beliefs , and attitudes of Health 

Visitors to caring for these at - risk infants requires exploration.  Health 

Visitors have been identified as  being pivotal in delivering interventions 

that have the potential to modify rapid weight gain.  Therefore their input 

to info rm, direct and develop a theory -based instrument to measure 

factors influencing parents in caring for infants at risk of early chi ldhood 

obesity, is essential.  
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4.3  Conclusion  

From this thesis and the incorporated research studies it has been 

identified that in an area with high rates of child obesity, there were 

substantial rates of both macrosomia and rapid weight gain.  However, it 

was also identified that there was no weight data at one year of age for 

over 40% of the cohort recorded on SystmOne.  A recommendation that 

has emerged from this thesis is that all infants are weighed at four 

months in order that their weight trajector y can be monitored.  There is a 

need for child growth trajectories to be better understood by Health 

Visitors in order to recognise normal growth patterns and those of 

concern and for these patterns to be communicated effectively to the 

infantôs families. 

The qualitative study data identified a propensity for overfeeding, with the 

maintenance of high weight or rapid weight gain being attributed to 

successful parenting.  There is emerging evidence that responsive feeding 

is effective in reducing childhood ov erweight [ 131 ] .  However rather than 

targeting responsive feeding intervention s in accordance to socioeconomic 

status for which the research conducted in this thesis found no 

justification, focusing on those infants who were born big or growing fast 

may be more effective.  To identify infants at risk of early childhood 

obesity, Weng  et al  [ 13 ]  have developed and validated the IROC 

algorithm to predict the risk score of a child being overweight at age five.   

Yet in clinical practice , Health Visitors have reported difficulties in 

discussing the IROC result with parents fearing alien at ing families.  In 
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order to facilitate communication between Health Visitors and parents 

with regard to preventing rapid infant weight gain, a checklist grounded in 

the parental beliefs of caring for infants at risk of early childhood 

overweight needs to be developed.  Further research is required to 

incorporate a diverse sample of parents to widen the experiences, beliefs , 

and pra ctices.  Health Visitors have been identified as being pivotal in 

identifying infants at risk for childhood overweight, and also in the 

delivery of responsive feeding intervention.  Therefore their input to 

inform, direct and develop a theory based checkli st to facilitate 

communication with parents with regard to preventing rapid infant weight 

gain , is essential.   
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STROBE StatementðChecklist of items that should be included in reports of cohort 

studies 
Item 

No Recommendation 

(a) Indicate the studyôs design with Title and abstract 1 a commonly used term in the title or the abstract 

(b) Provide in the abstract an informative and balanced summary of what was done 

and what was found 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

Objectives 3 State specific objectives, including any prespecified hypotheses 

Methods 

Study design 4 Present key elements of study design early in the paper 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection 

(a) Give the eligibility criteria, and the sources and methods of selection of 

participants. Describe methods of follow-up 

Participants 6 

(b) For matched studies, give matching criteria and number of exposed and 

unexposed 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

Data sources/ 

measurement 

8* For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there is 

more than one group 

Bias 9 Describe any efforts to address potential sources of bias 

Study size 10 Explain how the study size was arrived at 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

(a) Describe all statistical methods, including those used to control for confounding 

(b) Describe any methods used to examine subgroups and interactions 

(c) Explain how missing data were addressed 

(d) If applicable, explain how loss to follow-up was addressed 

Statistical methods 12 

(e) Describe any sensitivity analyses 

Results 

(a) Report numbers of individuals at each stage of studyðeg numbers potentially 

eligible, examined for eligibility, confirmed eligible, included in the study, 

completing follow-up, and analysed 

(b) Give reasons for non-participation at each stage 

Participants 13* 

(c) Consider use of a flow diagram 

(a) Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders 

(b) Indicate number of participants with missing data for each variable of interest 

Descriptive data 14* 

(c) Summarise follow-up time (eg, average and total amount) 

Outcome data 15* Report numbers of outcome events or summary measures over time 

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 

their precision (eg, 95% confidence interval). Make clear which confounders were 

adjusted for and why they were included 

(b) Report category boundaries when continuous variables were categorized 

Main results 16 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
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meaningful time period 

Other analyses 17 Report other analyses doneðeg analyses of subgroups and interactions, and 

sensitivity analyses 

 

Discussion 

Key results 18 Summarise key results with reference to study objectives 

 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 

Generalisability 21 Discuss the generalisability (external validity) of the study results 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based 

*Give information separately for exposed and unexposed groups. 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological 

background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this 

article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine 

at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE 

Initiative is available at http://www.strobe-statement.org. 
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