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‘If we could give every individual the right amount of 

nourishment and exercise, not too little and not too much, we 

would have found the safest way to health’, Hippocrates. 
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Summary of methods 

Term infants (37-42 weeks) of mothers who had been recruited antenatally and preterm 

infants (<37 weeks) who required admission to the neonatal unit were recruited to the study. 

Term infants had anthropometry and body composition measured at birth and 4 months of 

age. Preterm infants had anthropometry and body composition measured at 35 weeks 

corrected gestational age, term corrected age, 6 weeks and 4 months corrected gestational 

age. Information with regard to maternal body mass index, gestational diabetes, smoking 

status, infant gestation, gender and mode of feeding was collected.  

Summary of results 

374 term infants were measured before 72 hours of life. Male infants were heavier with lower 

body fat percentage than female infants. Mean body fat percentages for SGA, AGA and LGA 

infants were 6.5%, 10.3% and 15.6% respectively.  460 infants were measured at 4 months of 

whom 248 had body composition measurements performed. Male infants were heavier with 

lower body fat percentage than female infants. Small for gestational age infants remained 

lighter with less body fat than appropriate or large for gestational age infants. 

195 preterm infants had measurements, 80 infants <32 weeks and 115 32-37 weeks. Mean 

gestation at birth and birth weight was 32.4 and 1.83kg respectively. First measurements were 

performed at approximately 35 weeks CGA. Mean body fat percentage was 9.1% in preterm 

males and 10.3% in preterm females. Mean body fat percentage in infants <32 weeks and 

infant 32-37 weeks was 12.7% and 7.8% respectively. There was no difference in body fat 

percentage between SGA, AGA and LGA infants.  

174 preterm infants had measurements performed at term corrected age. 130 of these infants 

had body composition measured. Male and female infants had similar mean body fat 

percentage (14.9% and 15.7% respectively). SGA, AGA and LGA infants had similar mean body 



 

5 
 

fat percentage. Infants born <32 weeks had a higher mean body fat percentage than infants 

born 32-37 weeks (17.4% vs 13.8% respectively).  

163 preterm infants had measurements performed at a mean of 6.3 weeks corrected 

gestational age. 100 infants had body composition measurements performed. Male and 

female infants had a similar mean body fat percentage (21% vs 21.1% respectively). Body fat 

percentage was similar between small and appropriate for gestational age infants. Body fat 

percentage was 20.8% for preterm infants born <32 weeks and 21.2% for infants born 

between 32-37 weeks.  

Measurements were available for 136 preterm infants at 4 months corrected age. Of these 43 

infants had body composition measurements performed. There was no difference in mean 

body fat percentage between male and female infants (22.2% vs 22.8% respectively). Body fat 

percentage was similar between small, appropriate and large for gestational age infants. 

Infants born <32 weeks had a mean body fat percentage similar to infants born 32-37 weeks 

(21.8% vs 23.3% respectively).  

 Preterm (<37 weeks) Term (37-42 weeks) 

35 weeks CGA (mean, SD) 
Weight (kg) 
Body fat % 
 

 
2.24(0.30) 

9.8(4.7) 

 

X 

Term corrected age (mean, SD) 
Weight (kg) 
Body fat % 
 

 
 

3.14(0.58) 
15.3(4.7) 

 
 

3.53(0.48) 
10.6(4.5) 

6 weeks CGA (mean, SD) 
Weight (kg) 
Body fat % 
 

 
4.80(0.73) 
21.0(4.8) 

 

X 

4 months CGA (mean, SD) 
Weight (kg) 
Body fat percentage 
 

 
6.48(1.02) 
22.5(5.1) 

 
6.90(0.89) 
24.0(4.8) 

Summary of results 

iii. Acknowledgements 



 

6 
 

To my supervisor Dr. Margaret Sheridan-Pereira who has supported me in my career since we 

first met in 2003. She is a constant source of inspiration and knowledge. To my supervisor Prof. 

Edna Roche who has given sound advice to me and from whom I have learned so much.  

When I began this M.D., I was a solitary neonatologist with a plan to perform body 

composition measurements on 40 preterm infants. This evolved into so much more! My 

journey became all the more interesting when the project became a collaboration involving my 

obstetric colleagues from the UCD Centre for Human Reproduction and my colleagues from 

the Department of Human Nutrition and Dietetics in DIT. Dr. Amy O’Higgins and Dr. Clare 

O’Connor recruited all the pregnant women and looked after them so well that they were 

delighted to continue to help us in our quest for knowledge and Ms Laura Mullaney distracted 

the mothers with computer questionnaires while I measured their babies. Thank you to 

Professor Michael Turnerwho has been so supportive and Dr. Daniel McCartney who found 

Laura Mullaney for us. Thank you to Dr. Maria Farren, Dr. Aoife McKeating, Dr. Georsan 

Caruth, Ms. Shona Cawley and Ms. Laura Bowes. A special thank-you to Dr. Niamh Daly for the 

exercise classes, but I fear I may never perform an unassisted pull up.  

To my neonatal colleagues in the Coombe Women and Infants University Hospital, Dr. Jan 

Miletin, Prof. Martin White and Dr. Pamela O’Connor who allowed me to measure their 

babies. To the Neonatal Fundraising Committee who purchased the PEA POD. To Dr. Chris 

Fitzpatrick and Dr. Sharon Sheehan, thank you for all your help. To my friends Dr. Jana 

Semberova and Sinead O’Donnell who counselled me over many coffees. To the neonatal 

nurses and midwives who reminded me which babies were due to be discharged, who helped 

me and who reassured parents.  To clerical staff in ‘Baby Clinic’ who would call me when my 

patients arrived despite how busy they were. 

To Dr. Vicki Livingstone in UCC who helped me with statistics simply because I asked. 



 

7 
 

To my great friends Niamh Fredericks, Dervla Murphy, Susan Butterly, Amanda Barnes, Jenny 

Dorney, Jennifer Guffie and Cathy O’Donoghue, who I have known since childhood, you are 

always there for me.  

To my parents Marius and Bridie Martin who couldn’t have done more for me. I wouldn’t be 

where I am today without them. To my siblings John and Sarah Martin who make sure I never 

grow up.  

To my husband Kieran, you put up with a lot and I know that I couldn’t do any of it without 

you. To my grown up daughters Amy and Emma, you are the perfect antidote to my bad days. 

Finally to all the gorgeous babies that I met during my research, thank for making me smile. To 

the parents who were so interested in supporting our research, who took time off work and 

came to the Coombe on their own time, thank you. There would be no thesis without you. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

8 
 

Table of Contents………………………………………………………………………………………………………….......8-14 

i. Declaration…………………………………………………………………………………………………………………………..2 

ii. Summary……………………………………………………………………………………………………………………………..4 

iii. Acknowledgements………………………………………………………………………………………………………….…6 

iv. List of Tables and Figures………………………………………………………………………………………………….14 

v. List of abbreviations………………………………………………………………………………………………………..…18 

Chapter 1. Introduction……………………………………………………………………………………………………20-86 

1.1 Study Rationale…………………………………………………………………………………………………………….….23 

1.2 Aims and objectives……………………………………..……………………………………………………………….…25 

1.3 Literature review……………………………………………………………………………………………………..…26-86 

1.3.1 Methods of measuring body composition………………………………………………………………….….26 

1.3.1.1 Whole body chemical analysis…………………………………………………………………………………..26 

1.3.1.2 Anthropometry………………………………………………………………………………………………………….27 

1.3.1.3 Total body electrical conductivity (TOBEC)………………………………………………………………..28 

1.3.1.4 Bioimpedance……………………………………………………………………………………………………………28 

1.3.1.5 Total body water dilution………………………………………………………………………………………….29 

1.3.1.6 Dual-energy X-ray absorptiometry (DEXA)…………………………………………………………………29 

1.3.1.7 Ultrasound (U/S)……………………………………………………………………………………………………….30 

1.3.1.8 Magnetic resonance imaging (MRI)……………………………………………………………………………31 

1.3.1.9 Computed tomography (CT)………………………………………………………………………………………31 

1.3.1.10 Air displacement plethysmograph(ADP)……………………………………………………….31 

1.3.2 Body composition of the term infant at birth…………………………………………………………….35 

1.3.3 Relationship between infant birth weight and maternal weight and body 

composition………………………………………………………………………………………………………………44 

1.3.4 Relationship between maternal body composition and infant birth weight……….……44 

1.3.5 Relationship between maternal BMI and infant weight and body composition…………45 



 

9 
 

1.3.6 Relationship between gestational weight gain and infant body composition…………….47 

1.3.7 Relationship between maternal and infant body composition…………………………………..49 

1.3.8 Body composition of the term infant in infancy…………………………………………………..…….49 

1.3.9 Third trimester fetal growth and changes in fetal body composition………………………...60 

1.3.10 Growth and nutrition of the preterm infant………………………………………………………..…….63 

1.3.11 Body composition of the preterm infant……………………………………………………..…………….66 

1.3.12 Body composition of the preterm infant at birth…………………………………………………….…66 

1.3.13 Body composition of the preterm infant at term corrected age…………………………………68 

1.3.14 Body composition of the preterm infant in infancy……………………………………………………..81 

 

Chapter 2. Methodology ……………………………………………………………………………………………..….…87-

96 

2.1 Design of the study and theoretical framework………………………………………………………….87-93 

2.1.1 Patient characteristics……………………………………………………………………………………………….87 

2.1.1.1 Term infants………………………………………………………………………………………………………………87 

2.1.1.2 Preterm infants………………………………………………………………………………………………………….88 

2.1.2 Research methods…………………………………………………………………………………………………….89 

2.1.2.1 Anthropometry…………………………………………………………………………………………………………89 

2.1.2.2 Air displacement plethysmography…………………………………………………………………………..91 

2.1.2.3 Maternal BMI…………………………………………………………………………………………………………….93 

2.1.2.4 Mode of feeding………………………………………………………………………………………………………..93 

2.2 Literature search and analysis………………………………………………………………………………………….94 

2.3 Statistical methods…………………………………………………………………………………………………………..95 

2.4 Ethics……………………………………………………………………………………………………………………………….96 

Chapter 3.Results………………………………………………………………………………………………….……….97-166 



 

10 
 

3.1Term infants…………………………………………………………………………………………………………………….97 

3.1.1 Baseline characteristics…………………………………………………………………………………………….97 

3.1.2 Term infants at birth………………………………………………………………………………………………….97 

3.1.3 Maternal characteristics……………………………………………………………………………………………97 

3.1.4 Neonatal anthropometry and body composition……………………………………………………….99 

3.1.5 Gender differences in neonatal anthropometry and body composition…………………….99 

3.1.6 The effect of feeding on neonatal body fat percentage……………………………………………101 

3.1.7 A comparison of birth weight and body fat percentage in SGA, AGA and LGA 

infants……………………………………………………………………………………………………………………..102 

3.1.8 The relationship between birth weight and neonatal body fat percentage………………102 

3.1.9 Univariate analysis of factors affecting birth weight……………………………………………….105 

3.1.10 Multivariate analysis of factors affecting birth weight…………………………………………….106 

3.1.11 Univariate analysis of factors affecting neonatal body fat percentage…………………….107 

3.1.12 Multivariate analysis of factors affecting neonatal body fat percentage………………….108 

3.1.13 Anthropometric predictors of neonatal body fat percentage…………………………………..108 

3.2 Term infants at four months of age……………………………………………………………………………..109 

3.2.1 Baseline characteristics……………………………………………………………………………………………109 

3.2.2 The effect of gender on anthropometry and body composition at four months of 

age………………………………………………………………………………………………………………………….112 

3.2.3 The effect of feeding on weight and body composition at four months in term 

infants……………………………………………………………………………………………………………………..113 

3.2.4 A comparison of weight and body fat percentage in SGA, AGA and LGA infants at four 

months of age………………………………………………………………………………………………………….114 

3.2.5 Univariate analysis of factors affecting infant weight at four months of age…………..115 

3.2.6 Multivariate analysis of factor affecting infant weight at four months of age………….116 



 

11 
 

3.2.7 Univariate analysis of factors affecting infant body fat percentage at four months of 

age………………………………………………………………………………………………………………………….118 

3.2.8 Multivariate analysis of factors affecting infant body fat percentage at four months of 

age………………………………………………………………………………………………………………………….118 

3.2.9 Anthropometric predictors of infant body fat percentage at four months of age…….120 

3.3 Preterm infants……………………………………………………………………………………………………….……121 

3.3.1 Baseline characteristics……………………………………………………………………………………………121 

3.3.2 Univariate analysis of factors affecting birth weight of the preterm infant……………..125 

3.3.3 Multivariate analysis of factors affecting birth weight of the preterm infant………..…126 

3.4 Preterm infants at 35 weeks corrected gestational age………………………………………………127 

3.4.1 Anthropometry and body composition of preterm infants at 35 weeks CGA…………..127 

3.4.2 Gender differences in anthropometry and body composition at 35 weeks CGA……..128 

3.4.3 Effect of feeding on preterm infant weight and body fat percentage at 35 weeks 

CGA…………………………………………………………………………………………………………………………129 

3.4.4 Comparison of weight and body fat percentage in SGA, AGA and LGA preterm infants 

at 35 weeks CGA………………………………………………………………………………………………………129 

3.4.5 Comparison of infants born <32 weeks and >32 weeks at 35 weeks CGA………………..130 

3.4.6 Univariate analysis of factors affecting preterm infant weight at 35 weeks CGA…..…130 

3.4.7 Multivariate analysis of factors affecting preterm infant body fat percentage at 35 

weeks CGA………………………………………………………………………………………………………………131 

3.4.8 Univariate analysis of factors affecting the body fat percentage of preterm infants at 

35 weeks CGA…………………………………………………………………………………………………………132 

3.4.9 Multivariate analysis of factors affecting the body fat percentage of preterm infants at 

35 weeks CGA………………………………………………………………………………………………………….132 

3.5 Preterm infants at term corrected age (TCA)………………………………………………………………134 

3.5.1 Anthropometry and body composition of preterm infants at TCA………………………….135 



 

12 
 

3.5.2 Gender differences in anthropometry and body composition at TCA……………………..136 

3.5.3 Effect of feeding on preterm infant weight and body fat percentage at TCA…………..137 

3.5.4 Comparison of weight and body fat percentage in SGA, AGA and LGA preterm infants 

at TCA………………………………………………………………………………………………………………………138 

3.5.5 Comparison of infants born <32 weeks and 32-37 weeks at TCA…………………………….138 

3.5.6 Univariate analysis of factors affecting preterm infant weight at TCA…………………….139 

3.5.7 Multivariate analysis of factors affecting preterm infant weight at TCA………………….140 

3.5.8 Univariate analysis of factors affecting preterm infant body fat percentage at TCA..141 

3.5.9 Multivariate analysis of factors affecting preterm infant body fat percentage at 

TCA…………………………………………………………………………………………………………………………142 

3.6 Preterm infants at six weeks corrected gestational age…………………………………………...….144 

3.6.1 Anthropometry and body composition of preterm infants at 6 weeks CGA…………..144 

3.6.2 Gender differences in anthropometry and body composition in preterm infants at 6 

weeks CGA………………………………………………………………………………………………………………145 

3.6.3 Effect of feeding on preterm infant weight and body fat percentage at 6 weeks 

CGA…………………………………………………………………………………………………………………………146 

3.6.4 Comparison of weight and body fat percentage in SGA, AGA and LGA preterm infants 

at 6 weeks CGA……………………………………………………………………………………………………..…146 

3.6.5 Comparison of infants born <32 weeks and 32-37 weeks at 6 weeks CGA……………...147 

3.6.6 Univariate analysis of factors affecting preterm infant weight at 6 weeks CGA……….148 

3.6.7 Multivariate analysis of factors affecting preterm infant weight at 6 weeks CGA……149 

3.6.8 Univariate analysis of factors affecting preterm infant body fat percentage at 6 weeks 

CGA………………………………………………………………………………………………………………………...150 

3.6.9 Multivariate analysis of factors affecting preterm infant body fat percentage at 6 

weeks CGA……………………………………………………………………………………………………………...151 

3.7 Preterm infants at four months corrected gestational age………………………………….………..152 



 

13 
 

3.7.1 Anthropometry and body composition of preterm infants at 4 months CGA…………..152 

3.7.2 Gender differences in anthropometry and body composition in preterm infants at 4 

months CGA…………………………………………………………………………………………………………….153 

3.7.3 Effect of feeding on preterm infant weight and body fat percentage at 4 months 

CGA……………………………………………………………………………………………………………………….154 

3.7.4 Comparison of weight and body fat percentage in SGA, AGA and LGA preterm infants 

at 4 months 

CGA………………………………………………………………………………………………………..154 

3.7.5 Comparison of infants born <32 weeks and 32-37 weeks at 4 months CGA……………155 

3.7.6 Univariate analysis of factors affecting preterm infant weight at 4 months CGA…….156 

3.7.7 Multivariate analysis of factors affecting preterm infant weight at 4 months CGA….157 

3.7.8 Univariate analysis of factors affecting preterm infant body fat percentage at 4 months 

CGA…………………………………………………………………………………………………………………………158 

3.7.9 Multivariate analysis of factors affecting preterm infant body fat percentage at 4 

months CGA…………………………………………………………………………………………………………….159 

3.8 Comparison of preterm and term infants……………………………………………………………………160 

3.8.1 Comparison of anthropometry and body composition in preterm and term infants at 

term corrected age………………………………………………………………………………………………….160 

3.8.2 Comparison of anthropometry and body composition preterm and term infants at four 

months corrected gestational age……………………………………………………………………………162 

3.9 Summary of results…………………………………………………………………………………………………………164 

Chapter 4. Discussion……………………………………………………………………………………………………167-187 

4.1 The term infant at term………………………………………………………………………………………………..167 

4.2 The term infant in early infancy…………………………………………………………………………………….172 

4.3 The body composition of the preterm infant prior to their due date…………………………….175 



 

14 
 

4.4 The preterm infant at term corrected age……………………………………………………………………..177 

4.5 Comparison of preterm and term infants at term corrected age……………………………………179 

4.6 The preterm infants at six weeks corrected gestational age…………………………………………..180 

4.7 Comparison of preterm and term infants at six weeks corrected age…………………………….181 

4.8 The preterm infant at four months corrected gestational age……………………………………….182 

4.9 Comparison of preterm and term infants at four months corrected age………………………..184 

Chapter 5. Conclusions……………………………………………………………………………………….………..187-188 

Chapter 6. References………………………………………………………………………………………….……...189-213 

Chapter 7. Appendices ………………………………………………………………………………………………..214-222 

7.1 Presentations…………………………………………………………………………………………………………….…..214 

7.2 Publications……………………………………………………………………………………………………………………216 

7.3 Parent information leaflet and consent forms……………………………………………………………….217 

iv. List of tables and figures 

Table 1. A summary of inclusion and exclusion criteria and timing of measurements for term 
infants 

Table 2. A summary of inclusion and exclusion criteria and timing of measurements for 
preterm infants 

Table 3. Summary of anthropometric measurements 

Table 4. Body fat percentage for infants born to mothers with normal BMI (Carberry et al 2010) 

Table 5. Comparison of weight and body fat percentage in preterm and term infants (Fusch et 
al 1999b) 

Table 6. Number of term infants recruited at birth and 4 months of age 

Table 7. Maternal characteristics of term infants (37-42 weeks) measured <72 hours of birth 

Table 8. Baseline characteristics, anthropometry and body composition data for term infants 
(37-42 weeks) at birth 

Table 9. Gender differences in anthropometry and body composition in term infants (37-42 
weeks) within 72 hours of birth 

Table 10. Influence of feeding on weight and body composition in term infants (37-42 
weeks)within 72 hours of birth 



 

15 
 

Table 11. A comparison of AGA term infants (37-42 weeks) with SGA and LGA infants 

Table 12. Univariate analysis of maternal and infant factors affecting birth weight in term 
infants   

Table 13. Multivariate analysis of maternal and infant factors affecting birth weight in term 
infants 

Table 14. Univariate analysis of maternal and infant factors affecting neonatal body fat 
percentage in term infants.   

Table 15. Multivariate analysis of maternal and infant factors affecting neonatal body fat 
percentage in term infants.   

Table 16. Multiple regression of anthropometric factors affecting neonatal body fat percentage 

Table 17. Summary of term infant measurements performed at four months of age  

Table 18. Characteristics and anthropometry of infants measured at four months of age 

Table 19. Baseline characteristics, anthropometry and body composition of term infants at four 
months of age 

Table 20. A comparison of weight and body composition at four months in infants born SGA, 
AGA and LGA 

Table 21. Gender differences in anthropometry and body composition at four months of age 

Table 22. The influence of feeding on weight and body fat percentage at four months of age 

Table 23. Univariate analysis of factors affecting term infant weight at four months of age 

Table 24. Multivariate analysis of factors affecting term infant weight at four months (Model 1) 

Table 25. Multivariate analysis of factors affecting term infant weight at four months (Model 2) 

Table 26. Univariate analysis of factors affecting term infant body fat percentage at four 
months of age 

Table 27. Multivariate analysis of factors affecting term infant body fat percentage at four 
months of age (Model 1)  

Table 28. Multivariate analysis of factors affecting term infant body fat percentage at four 
months of age (Model 2)  

Table 29. Multiple regression of factors affecting term infant body fat percentage at four 
months 

Table 30. Baseline characteristics of preterm infants <37weeks 

Table 31.  Baseline characteristics for male and female preterm infants 

Table 32. Maternal BMI of preterm infants 

Table 33. Univariate analysis of factors affecting birth weight of the preterm infant 

Table 34. Multivariate analysis of factors affecting birth weight of the preterm infant 



 

16 
 

Table 35. Measurements at 35 weeks CGA of all infants <37 weeks 

Table 36. Gender differences in anthropometry and body composition at 35 weeks CGA 

Table 37. Effect of feeding on preterm infant weight and body fat percentage at 35 weeks CGA 

Table 38. A comparison of weight and body fat percentage in SGA, AGA and LGA preterm 
infants at 35 weeks CGA 

Table 39. Comparison of infants <32 weeks and >32 weeks gestation at 35 weeks CGA  

Table 40. Univariate analysis of factors affecting preterm infant weight at 35 weeks CGA 

Table 41. Multivariate analysis of factors affecting preterm infant weight at 35 weeks CGA 

Table 42. Univariate analysis of factors affecting the body fat percentage of preterm infants at 
35 weeks CGA 

Table 43. Multivariate analysis of factors affecting the body fat percentage of preterm infants 
at 35 weeks CGA 

Table 44. Characteristics of preterm infants at TCA 

Table 45. Anthropometric and body composition data for preterm infants at TCA 

Table 46. Gender differences in anthropometry and body composition in preterm infants at 
TCA 

Table 47. Effect of feeding on preterm infant weight and body fat percentage at TCA 

Table 48. Effect of breast milk at 35 weeks CGA on weight and body fat percentage at TCA 

Table 49. Weight and body fat percentage at TCA in SGA, AGA and LGA preterm infants 

Table 50. Comparison of weight and body fat percentage in infants born <32 weeks and 32-37 
weeks at TCA 

Table 51. Univariate analysis of factors affecting preterm infant weight at TCA 

Table 52. Multivariate analysis of factors affecting preterm infant weight at TCA 

Table 53. Univariate analysis of factors affecting preterm infant body fat percentage at TCA 

Table 54. Multivariate analysis of factors affecting preterm infant body fat percentage at TCA 
(Model 1) 

Table 55. Multivariate analysis of factors affecting preterm infant body fat percentage at TCA 
(Model 2) 

Table 56. Anthropometry and body composition of preterm infants at 6 weeks CGA 

Table 57. Gender differences in anthropometry and body composition in preterm infants at 6 
weeks CGA 

Table 58. Effect of feeding on preterm infant weight and body fat percentage at 6 weeks CGA 

Table 59. Weight and body fat percentage in SGA, AGA and LGA preterm infants at 6 weeks 
CGA 



 

17 
 

Table 60. Comparison of infants born <32 weeks and 32-37 weeks at 6 weeks CGA 

Table 61. Univariate analysis of factors affecting preterm infant weight at 6 weeks CGA 

Table 62. Multivariate analysis of factors affecting preterm infant weight at 6 weeks CGA 

Table 63. Univariate analysis of factors affecting preterm infant body fat percentage at 6 weeks 
CGA 

Table 64. Multivariate analysis of factors affecting preterm infant body fat percentage at 6 
weeks CGA 

Table 65. Anthropometry and body composition of preterm infants at 4 months CGA 
 
Table 66. Gender differences in anthropometry and body composition in preterm infants at 4 
months CGA 

Table 67. Effect of feeding on preterm infant weight and body fat percentage at 4 months CGA 

Table 68. Comparison of weight and body fat percentage in SGA, AGA and LGA preterm infants 
at 4 months CGA 

Table 69. Comparison of infants born <32 weeks and 32-37 weeks at 4 months CGA 

Table 70. Univariate analysis of factors affecting preterm infant weight at 4 months CGA 

Table 71. Multivariate analysis of factors affecting preterm infant weight at 4 months CGA 

Table 72. Univariate analysis of factors affecting preterm infant body fat percentage at 4 
months CGA 

Table 73. Multivariate analysis of factors affecting preterm infant body fat percentage at 4 
months CGA 

Table 74. Comparison of preterm and term infants at term corrected age 

Table 75. Weight and body fat percentage at term corrected age in infants born <32 weeks, 32-
37 weeks and 37-42 weeks 

Table 76. Comparison of anthropometry and body composition in preterm and term infants at 
four months corrected gestational age 

Table 77. Comparison of infants born <32 weeks, 32-37 weeks and 37-42 weeks at four months 
corrected age 

Table 78. Summary of results 

Figure 1. Body fat percentage in male and female infants according to gestational age (Hawkes 
et al 2011) 

Figure 2. Body fat percentage centiles according to age and gender (Hawkes et al 2011) 

Figure 3. Gestation and gender specific measurements for term infants (Hawkes et al 2011) 

Figure 4. Longitudinal measurements of body fat percentage for term breast-feeding infants 
(Fields et al 2011) 



 

18 
 

Figure 5. Changes in body fat percentage for exclusively breast-feeding male and female 
infants (Fields et al 2010) 

Figure 6. Changes in body composition in healthy, term, breast-feeding infants over the first six 
months of life (Roggero et al 2010b) 

Figure 7. Details of included studies in meta-analysis of preterm birth and body composition at 
term equivalent age (Johnson et al 2012) 

Figure 8. Forest plot of meta-analyses of differences in A) percentage body fat, B) fat mass and 
C) fat free mass between preterm infants at term and term born infants (Johnson et al 2012) 

Figure 9. Body fat percentage in relation to gender specific centile groups in term infants (37-
42 weeks) within 72 hours of birth 

Figure 10. Birth weight in relation to gestation and gender specific body fat percentage centile 
groups in term infants (37-42 weeks) within 72 hours of birth 

Figure 11.  Flow chart of preterm infants recruited 

Figure 12. Flow chart of measurements performed 

v. List of abbreviations 

ADP – air displacement plethysmography 

AGA – appropriate for gestational age 

BMI – body mass index 

Bwt – birth weight 

CGA – corrected gestational age 

CT – computed tomography 

CWIUH – Coombe Women and Infants University Hospital  

DEXA – dual-energy X-ray absorptiometry 

FAST – fetal abdominal subcutaneous tissue 

GDM – maternal gestational diabetes 

LGA – large for gestational age 

MAC – mid-arm circumference  

MRI – magnetic resonance imaging 

MTC – mid-thigh circumference 

OFC – occipito-frontal circumference 

SGA – small for gestational age 



 

19 
 

TCA – term corrected age 

TOBEC – total body electrical conductivity 

U/S – ultrasound 

VLBW – very low birth weight 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 1 Introduction 



 

20 
 

Overweight and obesity is a 21st Century epidemic. Body composition is the term used to 

describe the amount of fat and fat free mass present in an individual. In addition to body 

weight, it is increasingly recognized as a health metric in both adults and children. Differences 

between term and preterm infants are increasingly appreciated by neonatologists and hence 

body composition is a ‘hot topic’ with respect to neonatal nutritional recommendations and 

guidelines.  

 In healthcare the measurement of an individual’s weight is deemed an integral part of 

examination which is embraced by clinicians as a marker of health and wellbeing, moreover it 

is the ‘universal measurement’. It is incorporated into risk profiling by insurance companies. It 

pervades mainstream media and medical literature. There is an acceptance in society that 

being too heavy or indeed too light is a problem.  

Weight has always been a concern of neonatologists and parents. After gender, weight is the 

next most pressing question parents have when their infant is born. It gets relayed to family 

and friends within minutes of the birth. For neonatologists birth weight is a reflection of intra-

uterine wellbeing life and similarly early infant weight patterns are important in evaluating the 

health of both term and preterm infants. The importance of intrauterine growth and life-long 

health was not fully appreciated until Prof. Barker first described ‘The fetal origins of adult 

disease’ in the latter part of the 20th Century. Barker described the link between intra-uterine 

growth pattern, birth weight and early infancy weight gain and cardiovascular and metabolic 

health (Barker et al 1990, Barker et al 1993a, Barker et al 1993b, Barker et al 1993c, Barker et 

al 1995a, Barker et al 1995b, Barker 2004). The recognition of the epigenetic influence and 

trans-generational effect of the intrauterine nutritional environment heightened the 

awareness of the importance of health in women of child bearing age. Obstetricians now have 

a recognized ‘public health role’ in their interaction with pregnant women. The promotion of 

health in women and young children is also the aim of the ‘1,000 Days Organisation’ (Black et 
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al 2013).It aims to ‘target action and investment to optimise nutrition for mothers and children 

in the 1,000 days from conception to a child’s 2nd birthday’.  

While the 1,000 Days Organisation was originally designed to help malnourished women and 

children in low income countries, the concept of the first 1000 days has been embraced in 

higher income countries. In low income countries malnutrition is a consequence of insufficient 

caloric intake, whereas in higher income countries we are becoming increasingly aware that 

calorie excess can lead not only to overweight and obesity but also malnutrition. This places 

the fetus and mother-infant dyad at risk of adverse health effects. There is also concern that 

overweight and obese mothers have heavier babies and that being born too heavy has similar 

health implications in later life as being born too light. Some of this concern is based on flawed 

evidence and may not necessarily be the case (Kent et al 2013).Nonetheless, these concerns 

have resulted in stern warnings about maternal obesity and weight gain in pregnancy.  

In light of the albeit flawed evidence, The Institute of Obstetricians and Gynecologists, Royal 

College of Physicians of Ireland list complications of pregnancy in obese women as an 

increased risk of gestational diabetes, thromboembolic events, neural tube defects, still-birth 

and a higher risk of childhood obesity in the offspring and association of maternal obesity with 

an initiation and maintenance of breast feeding. The Royal College of Physicians of Ireland also 

adopts the US Institute of Medicine guidelines (2009) for weight gain during pregnancy. These 

guidelines are somewhat controversial in that they are based on opinion rather than evidence 

base and have not been validated in an Irish population. The guidelines aim to restrict weight 

gain in women who are overweight or obese whilst a more generous weight gain is deemed 

acceptable in women of normal weight. 

Body weight is therefore an important measurement for mothers, infants, and their doctors, 

yet it does not tell the full story. An individual can be heavy yet muscular, or light yet adipose 

(Thomas et al 2012). Some of the world’s healthiest sports stars are overweight or even obese 
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and light people do not escape cardiovascular disease. It would seem that it is excess of fat 

rather than excess of weight which is associated with adverse health outcomes.  

Measurement of body composition allows for quantification of fat and fat free mass and this 

distinguishes lean though heavy individuals from fat individuals. A variety of testing methods 

have been used in adults and children. However, until the recent advent of air displacement 

plethysmography, measurement of infant body composition measurement has been invasive, 

costly, inaccurate, labour intensive. Some methods involve exposure to ionizing radiation. Air 

displacement plethysmography (while still costly) permits an accurate, fast, safe and non-

invasive method of measuring body composition in infants. With the development of this 

method, comes the potential to clinically incorporate body composition measurement into the 

health assessment of infants and small children. 

While some studies show the influence of maternal factors such as body mass index, pre-

existing or gestational diabetes and smoking on infant birth weight, much of the data is based 

on self-report. Even less is known about the influence of maternal factors on infant body fat 

both at birth and early infancy. Infant feeding is a complex issue. Infants may exclusively 

receive breast milk by breast or bottle or a combination of both. Infants may exclusively 

receive formula milk from birth or indeed receive various ratios of formula milk combined with 

breast milk. Furthermore infants receiving breast milk only from birth may be commenced on 

formula milk in various quantities and at various ages in infancy or may never be given a 

formula milk source. The influence of such varied feeding can be explored using air 

displacement plethysmography to measure longitudinal changes in both weight and body 

composition. 

If the body composition of the term pregnancy can be affected by maternal factors and 

feeding practice, it would stand to reason that preterm birth (<37 weeks) with its maturational 

influences, associated morbidities and accompanying nutritional challenges would impact 
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normal infant body composition. Most fat mass accretion occurs in the last trimester of 

pregnancy. There is therefore an array of factors that render it difficult to provide for the 

preterm infant’s nutritional requirements and mirror normal intra-uterine growth. Growth 

faltering is therefore common and of great concern to neonatologists because evidence 

suggests that poor weight gain in the preterm infant is linked to subsequent developmental 

delay. There is some evidence of abnormal development of body fat and fat free mass as a 

consequence of preterm birth, but less is described about body composition development 

from birth to four months post-menstrual age. Much of the data concerns very preterm infants 

<32 weeks or very low birth weight (VLBW) infants <1500g. Data about the late preterm infant 

32-37 weeks is sparse. 

1.1 Study rationale 

Body composition of the term neonate using air displacement plethysmography has been well 

documented in an Irish population (Hawkes et al 2011). The authors published normative data 

including gestation and gender specific centiles. Smaller studies using air displacement 

plethysmography and other methods have produced reference values for the term infant at 

birth and early infancy (Widdowson and Spray 1950, Owen et al 1966, Catalano et al 1995, 

Rigo et al 1998, Koo et al 2004, Au et al 2013a, Lee et al 2012, De Cunto et al 2014). 

Longitudinal data of changes in term infant body composition is less well described. Methods 

of measuring body composition such as DEXA scanning expose the infant to ionising radiation. 

This makes longitudinal studies more difficult to perform. Air displacement plethysmography 

facilitates longitudinal measurement of infants without concerns about adverse effects.  The 

relationship between body composition at term and four months has not been well described. 

A review of infant body composition in the ‘PEA POD era’ published in 2013 (Li et al 2013b) 

identified twenty seven published articles from thirteen centres, many of which were in the 

area of validation or establishing reference data. They commented that despite the availability 
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of air displacement plethysmography for a number of years that the studies remained limited. 

They identified a dearth of data reporting factors that are known or suspected to affect infant 

body composition such as dietary intake or maternal body mass index. Infant feeding is of 

particular relevance in an Irish setting. Rates of breast feeding in Ireland are lower than those 

observed in other European populations. Many studies of infant body composition do not 

include robust maternal data, including several studies which include maternal BMI data based 

on self-report in analysis. The influence of maternal smoking and maternal diabetes is 

relatively unexplored.  

The body composition of the preterm infant at term corrected age has been well studied 

(Johnson et al 2012).Less is known about the body composition of the preterm infant prior to 

or beyond term corrected age. Much of the data includes preterm infants born ≤32 weeks 

gestation. Body composition in late preterm infants is not well documented. The influence of 

mode of feeding on infant body composition has not been fully investigated.  

This study aimed to address the following deficiencies in the literature. Longitudinal 

anthropometric and body composition measurements were performed on term infants at birth 

and 4 months of age. Maternal BMI was measured in the first trimester of pregnancy and data 

was collected prospectively with regards to smoking and gestational diabetes. Infant feeding 

data was collected. The growth and body composition of preterm infants was measured 

longitudinally from 35 weeks to 4 months corrected gestational age. Anthropometry and body 

composition data was compared between term and preterm infants at birth/term corrected 

age and 4 months of age/corrected gestational age.  

 

 

1.2 Aims and Objectives 
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The aims of the study were to: 

1. Measure term infant (37-42 weeks) anthropometry and body composition at birth and 

4 months of age. 

2. Explore maternal and infant factors influencing term infant anthropometry and body 

composition. 

3. Measure preterm infants’(born <37 weeks) anthropometry and body composition at 

35 weeks corrected gestational age (CGA), term corrected age (TCA), 6 weeks CGA and 

4 months CGA. 

4. Explore maternal and infant factors affecting preterm infants’ anthropometry and 

body composition. 

5. Compare anthropometry and body composition in preterm and term infants. 

 

 

 

 

 

 

 

 

 

 

1.3 Literature review 
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1.3.1 Methods of measuring body composition 

Traditionally assessment of infant health and nutrition has been based on weight, length and 

occipitofrontal circumference (OFC) measurements. Measurements of infant body 

composition allow for assessment of fat mass and fat free mass. Clinical assessment of body 

composition rather than just body size has implications in the assessment of an individual’s 

health as adverse outcomes tend to be associated with increased adiposity rather than 

increased body size.  Measurement of adiposity in neonates and infants can be particularly 

challenging (Ellis 2007a, Pietrobelli and Tato 2005, Demerath and Fields 2002). They should be 

protected from unnecessary radiation. Some methods require blood sampling and it can be 

ethically difficult to justify phlebotomy for research purposes. Many methods require the 

infant to be still and quiet, however sedation is unjustified for research purposes. The 

following is a description of methods of measuring body composition which have been used in 

neonates and infants. I finish by describing air displacement plethysmography in more detail, 

as it is the method of measurement which I have used for the assessment of infants in my 

thesis. 

1.3.1.1 Whole body chemical analysis 

Whole body chemical analysis studies using animals, particularly piglet models have been used 

for validation of all the other methods of measuring body composition that will be discussed 

here. Human data for term infants have come from stillborn fetuses (Owen et al 1966, 

Widdowson and Spray 1950). Similar methods have been used to obtain body composition 

data of preterm infants (Widdowson and Spray 1950). While animal studies can be well 

controlled, human studies have relied on infants who have died prior to birth. Post mortem 

change in body water occurs and varies with length of time between death of the fetus and 

chemical analysis. It can be difficult to pinpoint the time of death and the cause of infant’s 

death can be related to maternal and infant factors which could influence body composition. 
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1.3.1.2 Anthropometry 

Anthropometry is inexpensive and noninvasive. It has been shown to be effective for 

measurement of body composition for children and adults (Pierson et al 1991, Goran et al 

1996).Traditionally skinfold thickness has been used to rank individuals in terms of ‘fatness’ 

(Wells and Fewtrell 2006).  Measurements are quick and simple to obtain and require simple 

equipment, however there can be some difficulty in reproducibility of neonatal 

measurements. It also causes some discomfort to the infant (Farmer 1985). However newer 

prediction equations incorporating skinfold thickness measurements have been produced and 

validated against results from air displacement body composition studies (Aris et al 2013), 

which may have use in large-scale epidemiological studies. 

Body mass index (BMI) expresses an individual’s weight in relation to their height. In children 

and adults this is usually expressed as weight/height². For neonates and young infants this is 

often described as the Ponderal Index which is expressed as weight/length ³. Both 

measurements describe the individual’s weight as a proportion of their height yet this gives no 

information about the adiposity of the individual. Heavy, muscular individuals can have BMI in 

the overweight range without having excessive fat.  

Waist circumference is another method of estimating how fat an individual is. A relationship 

has been shown between abdominal adipose tissue and increased waist circumference 

measurement in adults and children (Janssen et al 2002, Fredriks et al 2005), however this 

relationship has not been demonstrated in neonates. Abdominal or visceral adiposity is a risk 

factor for development of cardiovascular disease and type 2 diabetes mellitus.  

 

1.3.1.3 Total body electrical conductivity (TOBEC) 
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Total body electrical conductivity is based on principle that conductivity of lean muscle is 

greater than that of fat. The instrument consists of a cylindrical measurement chamber that 

contains a solenoidal coil that creates an electromagnetic field generated by an oscillating 

electric current. Any conductive object placed within the coil will disturb the electromagnetic 

field and result in a dissipation of a small quantity of the field’s energy. Total body electrical 

conductivity estimates of neonatal body composition are based on the premise that the fat-

free mass contains electrolytes dissolved in water and represents a conductive component of 

the body, in contrast with fat-mass, which is relatively anhydrous. Therefore the amount of fat-

free mass of the neonate disturbs the field in a precise manner. The interpretation of the 

disturbance of the electromagnetic field depends on the use of a calibration equation, which 

was generated by measuring the fat-free mass of a reference population with an alternative 

technique and relating this to each individual TOBEC value.  Because the disturbance in the 

electromagnetic field can be affected by geometry, temperature and position of the organism 

being measured, validation studies have been conducted in infant miniature pigs with chemical 

analysis used to account for these variables. Normative data exists from birth to 1 year 

(Catalano et al 1995). The neonatal pig model was used to validate neonatal TOBEC equations.  

The difference between measured fat mass by chemical analysis and predicted fat mass by 

TOBEC was <5% when the subjects weighed > 2kg. Infants <2kg were not included, also only 

6% of infants included were small for gestational age, therefore the authors state that their 

model may not be accurate in low birth weight or growth restricted infants. The device is no 

longer being manufactured. 

1.3.1.4 Bioimpedance 

Body composition analysis using bioelectrical impedance is based on observation that tissue 

rich in water and electrolytes is much more resistant to the passage of an electrical current 

compared with adipose tissue (Mialich et al 2014). Data are influenced by the hydration 



 

29 
 

coefficient of fat free mass, so precision and accuracy has been questioned. Bioimpedance is a 

relatively inexpensive and portable method of measuring body composition (Lingwood et al 

2008).  

Lingwood et al (2008) compared it (using Impedimed SFB7) with air displacement 

plethysmography for 30 healthy infants at birth and/or six weeks of age. They found that there 

was a significant correlation between fat free mass and the impedance quotient at birth and at 

six weeks of age when a prediction equation was used which combined the impedance 

quotient and infant length.  

1.3.1.5 Total Body Water dilution 

Use of stable isotope of oxygen 18 or deuterium can be used (Davies and Lucas 1990). At 

baseline infants have a blood sample taken. Each infant then receives a quantified dose of 

isotope. 2 hours after dose administration, a second blood sample is collected. The exact times 

of dosing and timing of blood-letting is recorded. Fat free mass is determined from the total 

body water by using age and sex-specific hydration coefficients for fat free mass calculated 

with the use of data from a previous multi-compartmental model.  

%Body Fat = ((Body mass-Fat Free Mass)/Body Mass) x 100% 

This method has been considered to be the gold standard for in vivo testing but is time 

consuming and expensive, and is open to inaccuracy if the baby dribbles or regurgitates, 

therefore impractical for both research and clinical purposes.  

1.3.1.6 Dual-energy X-ray absorptiometry (DEXA) 

Early reports of measurement of infant body composition using DXA scanning began to emerge 

in the 1990’s. It is based on different attenuation of 2 photon beams as the various body 

tissues absorb them. It uses radiographs therefore may not be suitable for repeated 
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measurements, especially for research purposes. It has the advantage of measuring regional 

body composition (trunk, arms, legs) and 3-body compartments lean, fat, bone. The infant is 

required to lie still, which can be challenging. There are published equations for prediction of 

body fat in paediatric subjects, as well as published equations of neonatal skinfold thickness 

measurement compared with DEXA scanning. (Fusch et al 1999a, Schmelzle HR and Fusch 

2002, Hammami et al 2003). 

1.3.1.7 Ultrasound (U/S) 

Ultrasound is widely available, painless to the infant and does not use ionising radiation. It can 

also give information about regional and internal fat deposits (Holzhauer et al 2009). Given 

that estimation of body composition using skinfold thickness is fraught with inaccuracies, Kabir 

and Forsum (1993) compared estimates of subcutaneous adipose tissue thickness 

measurements made by calipers with those measured by ultrasonography.  The Cambridge 

Baby Growth Study (De Lucia Rolfe et al 2013) evaluated ultrasound-measured adiposity in 

infants. In their study 487 infants had ultrasound measurements performed at three months 

and 495 at twelve months, with data available at both time points in 360 infants.  A subgroup 

of infants (n=22) had both MRI and ultrasound measurements of adiposity performed as part 

of a validation study. Abdominal ultrasound subcutaneous depth and visceral depth were 

measured. While intra-abdominal adipose tissue measurements performed with MRI showed 

moderate positive correlations with ultrasound visceral depth, subcutaneous adipose tissue 

measurement correlated strongly with ultrasound measurements of subcutaneous depth. The 

authors concluded that ultrasound gave more information about the adiposity of the infant 

than simple anthropometry and that parents found it an acceptable investigation to perform 

on their infant.  

 

1.3.1.8 Magnetic resonance imaging (MRI) 
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Magnetic resonance imaging (MRI) gives high quality data which is based on volume. The data 

is then converted from volume to mass by multiplication by 0.9, before it can be compared 

with other methods. The advantage of MRI is that it can describe regional fat deposits, giving 

extremely accurate information about intra-abdominal adipose tissue (Harrington et al 2002). 

In animal studies MR has been found to accurately quantify adipose tissue in vivo, matching 

values produced by dissection and chemical analysis (Fowler et al 1992, Andres A et al 2010). 

In infants MR has been validated against isotope dilution technique (Olhager E et al 

1998).However MRI is expensive and needs specialist staff to perform and report the imaging. 

Infants also need to be still for the procedure which can be time consuming particularly as 

sedation is not typically used for MRIs performed for research purposes (Gale et al 2013). 

1.3.1.9 Computed tomography (CT) 

Computed tomography (CT) has similar advantages to MRI scanning, however its use of 

ionising radiation make it unsuitable for infants and for longitudinal measurements (Sjostrom 

et al 1986).  

1.3.1.10 Air displacement plethysmography (ADP) 

Body composition can be calculated from the density of a subject. In order to calculate the 

density, both the weight and volume of the individual must be known. In humans, volume can 

be measured using water or air displacement. Only compliant individuals can be measured by 

underwater weighing, therefore that method is unsuitable for measurement of infants. 

Air-displacement plethysmography is a method of measuring body composition that has been 

well described in children and adults. More recently it has been validated against animal 

studies, chemical analysis, deuteronium dilution and DEXA scanning for use in both preterm 

and term neonates and also in infants. The method uses gas laws to determine body volume, 

which is divided into body mass to calculate density. Body density is then used in a 2-
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compartment model to determine fat mass, fat free mass and percentage body fat.The Fomon 

model is the most accurate model in newborns (Eriksson et al 2011). Measurement time is 

short, infants can be alert and active during measurement and no ionising radiation is used. 

However no information is available about the distribution of body fat. In this section some of 

the validation studies are described. 

The method has been validated using animal studies and volume phantoms. Sainz and Urlando 

(2003) used 24 bovine phantoms and compared measurements performed by air-displacement 

plethysmography, chemical analysis and hydrostatic weighing. The bovine phantoms ranged in 

mass from 1.3894-9.9516kg and 2.08-34.40% fat. Each phantom was constructed to have fat 

compartment and lean compartment. Air displacement plethysmography displayed excellent 

reproducibility and correlation with chemical analysis. For 22 out of 24 phantoms the 

difference between methods was <1%.  It was accurate across a range of body fat, even at very 

high and very low levels of body fat.  A similar degree of reproducibility and accuracy were 

achieved using weight and volume phantoms (Urlando et al 2003). 

A validation study using live piglets to determine the effect of movement on the accuracy of 

measurements was performed (Frondas-Chauty et al 2012). Piglet weight range was 1.03-

8.49kg and percentage body fat was 3.2-16.4%. Values were obtained for 12 piglets on day 2, 

12 piglets on day 7 and 12 piglets day 21. Piglets were then euthanized and direct chemical 

analysis performed. The lowest coefficient of variation at was day 21, followed by day 7 and 

day 2. The coefficient of variation was highest for the group of piglets with <5.4% body fat. 

Because of this, authors suggest that it would be prudent to perform measurement twice in 

small for gestational age or low birth weight infants. 

The first use of air displacement plethysmography in full term healthy neonates was reported 

in 2003 (Yao et al). Measurements were performed on 17 full term healthy babies aged 1.4-

21.7 weeks. Infants weighed between 3.4-7.5kg.Infants had tests performed on two 
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consecutive days, with 1 test on day 1 and 2 tests day 2. A record was kept of each infant’s 

behavioural state during the test and if the infant passed urine or stool during the procedure. 

Mean differences in percentage body fat of within-day tests (-0.39±0.81) and between-day 

tests (-0.27±0.97) did not significantly differ from zero and were not a function of state, 

weight, urination or defeacation.  

Ma et al (2004) studied the accuracy of same-day and consecutive-day air displacement 

plethysmography and the reliability when compared with measurement of body composition 

by deuteronium dilution. A total of 80 infants were measured (64 Asian and 16 white infants). 

Reliability was assessed in a subset of 36 infants and accuracy was assessed in 53 infants who 

ranged in age from 0.4 – 21.7 weeks and 2.7 – 7.4kg. Again in this study reliability for air 

displacement plethysmography was very high for same-day, between day and within subject 

measurements. Behavioural state did not influence the measurements. Air displacement 

plethysmography compared favourably with deuteronium dilation. No racial difference was 

observed for reliability or accuracy measurements.   

Ellis et al (2007b) whose group was also involved in the previously described study also 

compared air displacement plethysmography with a 4-compartment deuteronium dilution 

model, as well as DXA scanning. Investigations were performed on 49 infants aged 1.7-23 

weeks, weighing 1.7-23.0. Unlike air displacement plethysmography, for DXA scanning, the 

infant must be still and asleep to remove movement artefact. While the scan itself takes 

approximately 3 minutes, preparation time can be considerably longer. For the 31 infants that 

completed 2 PEA POD tests, the within subject standard deviation was 0.7% body fat. The 

PEAPOD estimates for body fat did not differ from those derived from the four compartment 

deuteronium dilution model.  

Roggero’s group in Milan has conducted numerous studies of both term and preterm infants 

(Roggero et al 2007). One such study examined the change in infant body composition over 
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the first five days of life (Roggero et al 2010a). The aim of study was to investigate the 

composition of losses that occurs during normal neonatal weight loss. 262 infants were 

randomised to have body composition measured on day 1,2,3,4 or 5 of life, of whom28 had 

longitudinal measurements on 5 consecutive days. Body weight and fat free mass decreased 

significantly during the first 4 days of life. There was a significant difference in %FM (-1.9%), 

FM (-78.59g) and body density (0.0047 kg/L) on Day 3 when compared to day 1. Percentage 

body fat was similar on day 1 and day 5. The largest difference was seen between day 1 and 

day 4. All these infants were breast feeding. The authors showed that postnatal weight loss in 

infants was due to a reduction in both quantity of fat mass and fat free mass with a greater 

percentage reduction in fat mass when compared with fat free mass.  

Validation of PEA POD air-displacement plethysmography has been performed in preterm 

infants<36 weeks (Roggero et al 2012a). Accuracy of measurements performed in 10 preterm 

infants using air displacement plethysmography and H₂¹⁸O dilution was evaluated. The study 

also evaluated the precision (n=57 preterm infants) and inter-device reliability (n=3 preterm 

infant and 9 full term infants) of air displacement plethysmography. Percentage fat mass 

obtained in between two tests showed excellent agreement (mean difference 0.15% body fat, 

p=0.34), with a mean within-subject standard deviation of 1.1% body fat. The infants tested as 

part of the precision study were 32±32 days old, with a body mass of 1.89kg±0.59 and 

corrected gestational age of 30.92±2.02. They had a mean body fat percentage of 9.24±5.57%. 

The body composition measurements performed with air displacement plethysmography were 

not significantly different from the values obtained with the H₂¹⁸O dilution measurement 

(mean difference 0.32±1.57% body fat, p=0.53).Inter-device variability was not significant and 

did not vary with state of the infant during measurement.   

In conclusion, each method of measuring body composition has advantages and 

disadvantages. While initially costly, air displacement plethysmography is easy to use, safe, 
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well tolerated, accurate, and reproducible and has been validated for both term and preterm 

neonates and infants.  

1.3.2 Body composition of the term infant at birth 

The following is a review of what is known about the neonatal body composition of infants 

born between 37-42 weeks gestation. Many of the different methods of measuring body 

composition that I have previously described have been used.  

Whole body chemical analysis of stillborn infants has demonstrated a body fat percentage of 

12-16% for a term born infant of approximately 3.5kg (Widdowson and Spray 1950, Owen et al 

1966). Similarly Total Body Electrical Conductivity (TOBEC)(Catalano et al 1995) demonstrated 

that in a cohort of 194 infants <72 hours old mean percentage body fat was 12±4.7%, with a 

fat free mass of 2918±361g and fat mass of 421±209g.  

Early neonatal Dual-energy X-ray absorptiometry (DEXA) scanning was hampered by the fact 

that the equations used tended to over-estimate fat mass especially in small subjects. Rigo et 

al (1998) proposed a correction equation to improve accuracy of neonatal body composition 

measurements using DEXA which was validated using data from piglets weighing 1408-5151g. 

The group also published reference value data for preterm and term infants.  106 healthy 

neonates were studied. Of these 53 were term infants with a mean gestation of 39.0±1.3 

weeks, birth weight of 3243±426g and length 49.5±2cm, 23 were boys and 30 were girls. The 

measurement was performed in the first week of life. This study reported the mean fat 

content in a term infant weighing 3500g as 550g, giving a body fat percentage of 15.7%. The 

authors found a mean difference in fat values between boys and girls of 50g, with girls having 

a higher body fat percentage. 53 preterm infants had measurements performed as part of the 

study and their results will be discussed in section 3.7.2 describing the preterm baby at term. 
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Schmelzle et al (2007) also assessed body composition with DEXA and related it to birth weight 

classification. Traditionally birth weight is used as a surrogate marker of fetal nutrition, 

assuming that small for gestational age infants are under nourished and large for gestational 

age are over nourished. The aim of their study was to compare the body composition of small 

for gestational age, appropriate for gestational age and large for gestational age neonates. 

Gestational age was confirmed by both LMP and ultrasound measurement of biparietal 

diameter. All infants were of Caucasian origin. The authors (Fusch et al 1999a) had previously 

reported that in animal studies fat mass measured by DEXA was highly correlated with fat 

measured by chemical analysis. 159 healthy neonates were studied and anthropometry and 

DXA measurements were performed within 10 days of birth. Of these, 35 infants were born 

<37 weeks gestation. All anthropometric and body composition parameters showed 

statistically significant differences between the small for gestational age, appropriate for 

gestational age and large for gestational age infants. Boys had lower body fat percentage than 

girls (11.95% and 14.75% respectively). For term infants the subgroup with a body fat 

percentage <10% contained 57.1% small for gestational age infants but also 42.9% appropriate 

for gestational age infants. The subgroup of infants with >20% body fat contained 6 

appropriate for gestational age and 8 large for gestational age infants. This study highlights the 

issue of appropriately grown infants who are undernourished. For appropriately group of term 

infants (n=68) the authors reported a mean fat mass was 440+/-220g, with a body fat 

percentage 13.3+/-4.4% (Schmelze et al 2002). 

Koo et al (2004) reported multi-ethnic body composition data using DEXA. For appropriate for 

gestational age infants (n=74) fat mass was 312±167g, 11.9±3.5%. It should be noted that the 

mean birth weight and gestation were 2454±634g and 35.9±2.9 weeks. Males accounted for 

58% of the group. These factors are likely to account for the lower body fat percentage 

reported in this study. For LGA infants (n=30 including 9 infants of diabetic mothers) fat mass 

was 1029±324g, 22.5±5.6%. For SGA infants (n=16) fat mass was 204±98g, 10.0±2.7%.   
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Verkauskiene et al (2007) performed DEXA scanning on 248 newborns who had serial 

antenatal growth measurements performed. Infants were divided into small for gestational 

age with fetal growth restriction (n=45) and small for gestational age with stable fetal growth 

(n=44) or appropriate for gestational age with fetal growth restriction (n=60) and stable fetal 

growth (n=99). Body fat percentage was higher in the appropriate for gestational age group 

when compared with infants who were small for gestational age (19.2±6.8% and 15.6±5.9%). 

However body fat percentages were similar in the small for gestational age group and the 

appropriate for gestational age infants with fetal growth restriction and higher in the 

appropriate for gestational age infants with stable fetal growth.   

The largest published study of neonatal body composition using air displacement 

plethysmography is by Hawkes et al (2011) from Cork, Ireland. They measured 743 

predominantly Caucasian infants 36-42 weeks in the first 4 days of life as part of the Baseline 

Birth Cohort Study. Gestation was confirmed from a first trimester dating scan. Maternal BMI 

was measured at 16 weeks gestation. The group published normative data for males and 

females from 36-37+6, 38-39+6, 40-41+6.Mean±standard deviation of fat mass and percentage 

body fat for an infant born at 40-41+6 weeks was 397±184g and 11.2±4.3% respectively (Male 

infants 358±171, 10.0±3.9% and female infants 437±188, 12.5±4.4%). Infant body fat 

percentage increased with increasing gestational age and increasing maternal BMI. Male 

infants had lower body fat percentages than females in each category (Figure 1, Figure 2, and 

Figure 3). 
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Figure 1. Body fat percentage in male and female infants according to gestational age 
(Hawkes et al 2011) 
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Figure 2.Body fat percentage centiles according to age and gender (Hawkes et al 2011) 
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Figure 3.Gestation and gender specific measurements for term infants (Hawkes et al 2011) 



 

41 
 

Australian data on term neonatal body composition has also been published (Au et al 2013a). 

599 infants born 37-42 were included and infants of diabetic mothers were excluded. Mean 

body fat percentage was 8.3±4.3% for males and 10.0±4.3% for females.  The authors stated 

that increased pre-pregnancy maternal BMI and increased gestational weight gain were 

associated with increased neonatal adiposity, however this is based on self-reported 

measurements. There was no difference in infant body fat percentages between infants born 

to underweight, normal weight, overweight and obese women. 

Lee et al (2012) performed air displacement plethysmography on 324 infants born between 

35-41 weeks in order to produce centiles. While gender specific centile chart are unavailable, 

the authors publish raw data for male and female infants. There is considerable overlap in 

percentage body fat when comparing small, appropriate and large for gestational age. African-

American infants had higher percentage body fat at birth. There were 25 infants of diabetic 

mothers included and they demonstrated higher percentage body fat when compared with the 

infants of the non-diabetic cohort (15.4% v 10.2%).  

De Cunto et al (2014) performed day one body composition measurements using air 

displacement plethysmography on 200 Caucasian term infants >36 weeks gestation. These 

measurements were then related to both body mass index and ponderal index. Linear 

regression analysis showed a direct association between body mass index z-score and 

percentage fat mass (r²=0.43). Adding gender and gestational age to the model increased r² to 

0.50. The correlation coefficient of body mass index z-score versus percentage fat mass 

(r=0.65) was significantly higher than that of the ponderal index (r=0.54, p=0.003). The authors 

concluded that body mass index was a better predictor of neonatal adiposity than ponderal 

index, however they remarked that the association between body mass index z-score and 

adiposity was weak and affected by high variability in individual values.  
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Deierlein et al (2012) described an anthropometric model for estimation of fat mass. Variables 

included were sex, ethnicity, gestation, age in days, weight, length, abdominal circumference, 

skin-fold thickness. Previous models had been based on TOBEC and DEXA, however these 

techniques were not validated for use in neonates, while air displacement plethysmography 

has been. The purpose of the study was to update the model.  128 term infants were recruited 

and measured within 72 hours. Triceps, biceps, subscapular and thigh skinfold thickness 

measurements were used. Subscapular skinfold thickness was most strongly correlated with 

fat mass, followed by weight, triceps skinfold thickness and thigh skinfold thickness. They 

published a table of correlations of infant anthropometric and fatness variables. The authors 

publish a model which could explain 81% of the variability in fat mass as measured by PEAPOD 

(-0.012-0.064*gender + 0.024*day of measurement post-delivery-0.150*weight (kg) + 

0.046*ethnicity + 0.020*sum of three skinfold thickness (triceps, subscapular and thigh); r2 = 

0.81, MSE 0.08kg). 

Factors other than gestation and gender are likely to affect neonatal body composition. Ethnic 

differences in neonatal body composition have been reported (Sietner et al 2013). Andersen et 

al (2011) performed body composition measurements using air displacement plethysmography 

on a large cohort of Ethiopian babies <48 hours of age. Gestational age assessment was 

performed clinically. Maternal measurements of height and weight were performed at birth. 

Boys weighed more and had higher fat free mass than girls (3106±407g v 2738±325g and 

2876±315g v 2738±325g respectively). Fat mass and body fat percentage was similar in both 

groups (boys 229±163g and 7.0±4.5% and girls 235±155g and 7.6±4.6%). Singh et al (2010) 

compared infants of Caucasian (n=274) and African-American Women (n=104).  The African-

American women are reported as having a higher pre-pregnancy body mass index when 

compared with the Caucasian women (30.9±8.0 v 26.2±7.5), but the paper does not describe 

when this measurement was taken. While African-American infants were found to have lower 

birth weights than the Caucasian infants, fat mass and percentage body fat were similar in 
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both groups, even when data were adjusted for maternal age, pre-pregnancy body mass index 

and weight gain in pregnancy. This is not the first study to describe racial differences in infant 

body composition. Yaynik et al (2003) describe the ‘thin-fat’ Indian baby. They performed 

anthropometric measurements on 631 term infants in Pune, India and compared them with 

338 term infants from Southampton in the UK. While the Indian infants were smaller and 

lighter than the UK born infants, they demonstrated preservation of their subscapular skinfold 

thickness measurements, representing a preservation of body fat. Air displacement 

plethysmography measurements have not yet been published in this population.  

The Growing up in Singapore towards healthy outcomes (GUSTO) study recruited 1247 women 

who delivered between November 2009 and May 2011. Air displacement plethysmography 

and bioimpedance measurements were performed at birth in all study infants and a subset 

had MRI performed. Follow up body composition measurements were performed. To date this 

raw data has not been published. 

As mentioned previously, evidence suggests that higher maternal body mass index results in 

higher neonatal body fat percentage. The risk of developing gestational diabetes is increased 

in women who are overweight or obese. The extent to which diabetes acts as an independent 

risk factor for high neonatal body fat percentage is unknown.  Maternal diabetes has been 

shown to increase neonatal body fat percentage, neonatal hepatic lipids and early childhood 

growth (Catalano et al 2003, HAPO 2009, Brumbaugh et al 2013, Brunner et al 2013). However 

newer studies of women who have well controlled gestational diabetes show that this does 

not have to be the case (Au et al 2013b). Given that there is significant overlap in women with 

elevated body mass index and women who have gestational diabetes, it should be reflected in 

statistical analysis. 

To summarise, normal neonatal body fat percentage is reported in the literature to be in the 

region of 9-14%, with a mean of approximately 10.2%. It increases by increasing gestational 
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age and is higher in female infants. DEXA tends to over-estimate the body fat percentage 

relative to other methods and ethnicity has a role to play.  

1.3.3 Relationship between infant birth weight and maternal weight and body composition 

While the relationship between higher maternal body mass index and higher birth weight is 

commonly reported, it may not be the case. As alluded to previously, higher infant birth weight 

may be more to do with development of gestational diabetes in overweight and obese women 

than maternal BMI per se. Many studies which link higher maternal body mass index to higher 

infant birth weight are based on maternal reporting of pre-pregnancy weight which has been 

shown to be inaccurate (Fattah et al 2009). Similarly being large for gestational age is 

attributed to excessive gestational weight gain (O’Higgins et al 2014). Maternal obesity has 

also been shown to be linked to development of obesity, type 2 diabetes and cardiovascular ill-

health in the offspring (von Kries et al 2011, Juonala et al 2013, Reynolds et al 2013, Begg et al 

2013). 

Many questions exist relating to the effect of maternal BMI, gestational weight gain and body 

composition on neonatal and infant weight and body composition. Additionally the effect of 

preterm birth in relation to these maternal factors is uncertain.  

The background literature as it relates to these issues is discussed here. For the purposes of 

this thesis more in-depth discussion of the influence of maternal body mass index on infant 

birth weight and body composition and the influence of preterm birth will be undertaken.  

1.3.4 Relationship between maternal body composition and infant birth weight 

Body composition of 2618 pregnant women and the birth weight of their infants were 

collected by Kent et al (2013) in the Coombe Women and Infants University Hospital. Contrary 

to the widely held belief, no relationship was found between maternal fat mass and the birth 
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weight of their infant. Maternal fat free mass, however was a significant predictor of birth 

weight. 

Similarly O’Connor et al (2014c) found that maternal lean body mass correlated most 

significantly with infant birth weight. Measurement of maternal body composition using skin-

fold thickness to determine maternal body composition yielded similar results (Thame et al 

2012). 

1.3.5 Relationship between maternal BMI and infant weight and body composition 

Maternal body mass index has been linked to overweight and obesity in their offspring in 

childhood (Growing Up in Ireland, 2011 and Patro et al 2013) and so does maternal BMI affect 

infant body composition?  

In a publication by Eriksson et al (2010) infant body composition at 1 and 12 weeks of age was 

related to maternal pre-pregnancy weight. Women were also asked to document their weight 

change during pregnancy. Maternal weight and height measurements were performed by the 

researchers when the infant measurements were performed. A positive correlation was found 

between maternal pre-pregnancy BMI and infant birth weight, but not body fat percentage or 

fat free mass. There was a significant correlation found between maternal weight gain and 

birth weight, but not infant percentage body fat. Maternal pre-pregnancy BMI was not 

correlated with any infant measurements at the second visit.     

Hull et al (2008) also examined the relationship between maternal BMI and birth weight and 

body composition of offspring. They aimed to compare the infants of women with a normal 

pre-pregnancy BMI (<25 kg/m²) and women with a pre-pregnancy BMI >25 kg/m². Maternal 

data was by self-report. 33 normal BMI mums and 39 overweight and obese mums were 

recruited. 80% of recruits were white. Infants were measured at a mean of 19 days. Both 
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groups had similar birth weight but overweight and obese mums had significantly fatter infants 

(12.5±4.2% v 13.6±4.3%).  

Similarly Au et al (2013a) report increased infant adiposity in mothers with increased pre-

pregnancy BMI and increased pre-pregnancy weight gain; however methods of measurement 

are not reported. Maternal pre-pregnancy weight was self-reported. They report similar infant 

body composition for underweight, normal weight, overweight and obese women.  Hawkes et 

al (2011) and Starling et al (2014) also report increased infant body fat with increasing 

maternal BMI. In both studies maternal BMI was accurately measured. In Starling et al (2014) 

each unit increase in maternal BMI resulted in an increase of 0.12% neonatal body fat 

percentage. 

Andres et al (2012) reported higher body fat in exclusively breast-fed infants born to 

overweight mothers, but that this effect was not apparent at three months when adjusted for 

birth weight. 

Interestingly Larsen Ode et al (2012) found decelerated early growth in infants of overweight 

and obese mothers. 97 mother-infant pairs completed visits at 2 weeks and 3 months. Women 

were split into normal weight (n=59), overweight (n=18) and obese (n=20), based on their self-

reported pre-pregnancy weight. At 2 weeks infant body composition did not differ between 

the groups. At 3 months, infants of overweight or obese women had gained less weight, grew 

less in length and had gained less fat mass when compared with infants of normal weight 

mothers. Females were over-represented in overweight group and underrepresented in the 

obese group. Females tend to have higher body fat percentages in infancy, so this could have 

biased the results. The rate of exclusive breast feeding was double in the normal weight group.  

Friis et al (2013) found that maternal body mass index and fasting glucose were related to 

percentage body fat in the newborn, however this effect was mitigated by introducing 

placental weight as a covariate. In their study Josefson et al (2014) describe similar neonatal 
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body fat percentage in infants of women of normal weight compared with obese non-

gestational diabetic women. However they found that increased cord blood leptin had a 

positive correlation with neonatal body fat percentage.  In the ‘Healthy Start Study’, Crume et 

al (2015) demonstrated that there was a positive linear relationship between maternal 

estimated insulin resistance (HOMA-IR), maternal glucose levels and free fatty acids and 

neonatal body fat percentage, independent of maternal pre-pregnancy body mass index.  

There is some evidence of increased adiposity in infants of mothers with higher carbohydrate 

intakes (Pereira-da-Silva et al 2013). The ‘Healthy Start Study’ also demonstrated the negative 

effect of smoking by reducing neonatal weight and body fat percentage, but only if the mother 

continued to smoke into late pregnancy (Harrod et al 2014a).Maternal exercise during 

pregnancy has also shown to produce a reduction in neonatal adiposity (Harrod et al 2014b). 

Given the inconsistencies in the literature it would appear that accurate measurements of 

maternal weight at booking, with serial measurements during pregnancy as well as 

measurement of infant weight and body composition, with adjustment for factors such as 

gender, gestation, race, maternal diabetes and smoking are necessary to prove or disprove the 

association.  

1.3.6 Relationship between gestational weight gain and infant body composition 

Josefson et al (2013) studied the infants of 38 women with BMI 18-25 kg/m² (no diabetics were 

included). Pre-pregnancy weight was based on self-report and women were then measured at 

36-38 weeks. Gestational weight gain was then calculated and women were divided into 

excessive gestational weight gain (n=11) (according to Institute of Medicine guidelines) and 

acceptable weight gain (n=27). Infants had air-displacement plethysmography performed 

within 72 hours of birth. Infants born to women with excessive weight gain were heavier at 

birth with 50% more adipose tissue and with a body fat percentage that was 3% higher than 

was measured in infants of mothers without excessive weight gain. A Swedish study of 312 
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women and infants (Henriksson et al 2014) showed that weight gain in excess of that 

recommended by the Institute of Medicine in women who were of normal weight prior to 

pregnancy was associated with higher neonatal fat mass. The same was not true for infants of 

overweight or obese mothers. Again this study was based on self-report of pre-pregnancy 

weight.  

Hull et al (2011) performed a similar study in Oklahoma. 306 mother-infant pairs were 

recruited.  Maternal data on weight was either from hospital chart or maternal recall. 

Excessive gestational weight gain was associated with greater infant body fat with the greatest 

effect in overweight women. Percentage infant body fat was increased in both overweight and 

obese women (infant body fat normal = 11.7±4.1, overweight 13.0±4.7, obese 14.6±4.3). 

Obese mothers had infants with higher percentage body fat whether or not they had excessive 

weight gain.  

The Southampton Women’s Survey (n=948) also found a link between excessive gestation 

weight gain and increased adiposity in infancy and childhood (aged 6). In this study women 

were recruited prior to becoming pregnant, so accurate height, weight and gestational weight 

gain measurements were performed.   

Davenport et al (2013) suggest that the timing of gestational weight gain is important with 

higher infant body fat recorded in infants whose mothers gained excessive weight early in 

pregnancy. In this study pre-pregnancy weight was based on maternal self-reporting and infant 

body composition was measured using bio-impedance methods. In the ‘Healthy Start‘ study 

which accurately measured maternal body mass index and gestational weight gain (Starling et 

al 2014), gestational weight gain higher than recommended was associated with increased 

neonatal body fat percentage.  

When considering gestational weight gain it is important to remember that it is normal to gain 

weight during pregnancy, that women of normal weight are ‘allowed to’ gain more weight 
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according to Institute of Medicine guidelines and that gestational weight gain is a composite 

measure of fetus, amniotic fluid, placenta and maternal fluid retention, as well as maternal 

body fat gain.  

1.3.7 Relationship between maternal and infant body composition 

Very little data exists concerning the link between maternal and infant body composition. It is 

the subject of a colleague’s MD thesis (Dr. Amy O’Higgins, which has been submitted) and she 

has included the term infant data reported in my thesis. Li (2013a) has published a thesis in 

Kansas University on the subject. 38 mother-infant pairs were recruited for the study. Infants 

had body composition measured by air-displacement plethysmography within 72 hours of 

birth. Mothers had DXA scanning performed at two weeks postpartum. When predicting infant 

fat mass, maternal peripheral fat mass and weight loss two weeks postpartum were positively 

related. However, infant percentage body fat was significantly related to maternal central fat 

mass, maternal age and social economic status.   

1.3.8 Body composition of the term infant in infancy 

Much of the reported literature of body composition in infancy also refers to the ‘male and 

female reference infant’ (Fomon and Nelson 2002). Normal infant body composition values 

have been reported using various methods of measurement including DEXA, MRI and air 

displacement plethysmography.  

Schmelzle and Fusch(2002) performed DEXA scanning in 65 infants at, 2 months and 52 infants 

at 4 months of age.Feeding method was not described at these time points. They found that 

mean ± standard deviation of fat mass (percentage body fat) was 440±220g (13.3%) at birth, 

1310±450g (24.5%) at 2 months and 2170±605g (31.2%) at 4 months.    

Butte et al (2000) measured 76 healthy infants at 7 time points from 0.5 months to 24 months. 

A multicomponent model based on total body water by deuterium dilution, total body 
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potassium by whole body counting and bone mineral content by DEXA was used to estimate 

fat mass and fat free mass. Independent measurements of fat mass and fat free mass were 

made using total body electrical conductivity (TOBEC) and DEXA.  Breast-fed infants were 

compared with formula fed infants. Weight velocity was higher in formula fed infants from 3-6 

months. Fat mass and percentage body fat were higher in infants who were breast fed, 

compared with formula fed infants at 3, 6 and 9 months. However these differences 

diminished in the second year of life. Percentage body fat peaks at 30% at 12 months and 

declines gradually in the second year of life.  This study has been used as reference data for 

infancy (Fomon and Neslon 2002). 

Comparison studies of air displacement plethysmography and DXA at 6 months by Fields et al 

(2012a) show that while correlation between air displacement plethysmography and DXA 

scanning is excellent, DXA tended to over-estimate fat mass and body fat percentage 

(2284±449g v 1921±492g and 31.1±3.6% v 26.7±4.7%).  

Carberry et al (2010) measured longitudinal changes in body composition in infants born to 

normal weight mothers. Infants were eligible if their mother had a BMI of 18.5-25 at their 

booking visit in the first trimester and they delivered between 37-42 weeks. Measurements 

were performed within 4 days of birth, at 6 weeks, 3 months and 4.5 months. Data regarding 

mode of feeding was collected at each study visit. 77 infants had measurements performed 

after birth. 45 infants completed all study measurements. Mean maternal BMI was 21.8±2.1. 

Mean infant gestation, birth weight and percentage body fat at birth were 40.0±1.1 weeks, 

3.599±0.408kg, and 10.05±4.05% respectively. Mean body fat in female infants was higher at 

all of the time points. While there was a positive correlation with gestational age at birth and 

birth body fat, this was not demonstrated in early infancy. Mode of feeding was not shown to 

affect body composition.  At 4.5 months, one infant was too large for the PEA POD. This study 

provides some normative data for a small population of infants with normal maternal BMI and 
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demonstrates the rapid change in body fat percentage seen from birth to 6 weeks of life (Table 

4).  

Body Fat % Male (n=25) Female (n=20) 

Birth 9.42±3.42 10.09±4.41 

6 weeks 19.10±4.61 21.84±4.20 

3 months 23.76±4.07 26.07±3.60 

4.5 months 22.56±4.67 29.33±3.98 

Table 4. Body fat percentage for infants born to mothers with normal BMI (Carberry et al 
2010) 

Fields et al (2009) described gender differences in body composition in healthy full term babies 

(appropriate for gestational age) in infancy. Recruitment was by advertising. 117 infants were 

recruited and had measurements performed at day 20 approximately. Some mothers 

consented to repeat testing at 3 and 6 months. At birth the girls were shorter but weighed 

more than boys. At 1 month of age girls had significantly more body fat and less lean body 

mass than boys (15.1% v 12.7% and 3182(303) v 3454(361)g respectively). 23 infants had 

repeated testing. Girls had less fat free mass than boys at 3 months; however there was no 

difference in percentage body fat, fat mass or fat free mass by 6 months.   

Eriksson et al (2010) measured 108 healthy term infants in the first 10 days of life. 85% infants 

were exclusively breast fed at the first visit, while 97% infants were receiving some breast milk. 

By 12 weeks 79% infants were exclusively breast fed, with 94% infants receiving some breast 

milk. By self-report 22% of women were overweight (BMI 25-29.9) and 5% of women were 

obese (BMI >30) prior to pregnancy. 5% of women were smokers. At the time of first 

measurement percentage body fat was 12.5±4% for boys and 13.4±3.7% for girls. By 12 weeks 

of age this increased to 26.4±5.1% for boys and 26.3±4.2% for girls. Percentage body fat 

doubled from birth to 12 weeks. Of note, boys had a mean weight at 12 weeks of 6413±619g 
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and girls 5842±667g. In all infants there was a significant correlation with waist circumference 

and increased body fat percentage.    

Fields et al (2011) published body composition data for exclusively breast-fed infants. Infants 

were recruited from three centres in the US and measured at birth, 1 week, 2 weeks, 1, 2, 3, 4, 

5 and 6 months of age. In total 160 infants born between 37-42 weeks, >2.6kg, exclusively 

breastfed by non-smoking women were recruited. Infants of diabetic mothers were excluded. 

Mean gestation and birth weight were 39.31±1.38 weeks and 3.46±0.39kg. Recruited infants 

were predominantly white (n=121, 84 males and 76 females). Some measurements were 

excluded because of infant failure to thrive or formula milk being introduced. The retention 

rate was low at 5 and 6 months. Additionally some infants exceeded the 8 kg weight limit by 5 

and 6 months. Reference values are published in the paper for male and female infants for the 

first 6 months of life (n=65 at 6 months, Figure 4, Figure 5). 
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Figure 4. Longitudinal measurements of body fat percentage for term breast-feeding infants 
(Fields et al 2011) 
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Figure 5.Changes in body fat percentage for exclusively breast-feeding male and female 
infants (Fields et al 2010) 
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Roggero’s group in Italy also describes normative data for the breast feeding infant (Roggero et 

al 2010b). 59 infants born 37-42 weeks, >2.5kg and exclusively breast-feeding were recruited. 

Measurements were performed at birth, 2 weeks, 1, 2, 3, 4, 5, 6 months. At five and six 

months there were difficulties with fitting some infants into the PEAPOD. Normal body 

composition data was produced for male and female infants for the first six months of life; 

however study retention was a problem with only 48 infants at 4 months, 33 infants at 5 

months and 20 infants at 6 months.  Mean maternal pre-pregnancy BMI was 21.8±3.35, but 

the timing of the measurement was not described (Figure 6).  
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Figure 6.Changes in body composition in healthy, term, breast-feeding infants over the first 
six months of life (Roggero et al 2010b) 
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The studies of normal infant body composition described above include data only for breast-

feeding infants. The effect of mode of feeding on infant body composition remains under 

debate in the literature. Anderson (2009) recruited infants >37 weeks, >2500g and performed 

body composition measurements at term, 2, 4, 8 and 12 weeks. 40 infants were recruited of 

which 27 were exclusively breast-feeding and 13 received mixed feeding. While there was a 

tendency for breast-fed infants to be heavier, with a higher percentage body fat, this was not 

statistically significant.  

Bartok (2011) examined the effect of mode of feeding infants who receive breast milk. She 

questioned whether breast milk itself was protective against obesity or if it was the self-

regulation of appetite that was more effective. Mother-infant dyads were recruited prior to 

one month of age. In order to be considered in the breast feeding group, mothers could only 

give a maximum of one bottle of formula or expressed breast milk per day. In order to be 

considered in the bottle feeding of expressed breast milk group, the predominant mode of 

feeding had to be breast milk via bottle. Term infants >36 weeks and >2500g were eligible for 

recruitment. A total of 50 infants were recruited (breast fed n=24 and bottle fed n=26). Infants 

were assessed monthly from 1 to 6 months. Body composition measurements were performed 

at 1, 3 and 6 months. 19 breast feeding infants and 18 bottle feeding infants completed the 

study. No significant differences were found between the groups at six months of age. 

Absolute values of percentage body fat were not reported, but are displayed graphically as 20-

30%. This study was limited by a small sample size, but is a very interesting concept. 

Gale et al (2014) presented longitudinal data comparing adiposity and intrahepatocellular lipid 

in full-term breast fed and formula fed infants shortly after birth and 6-12 weeks of age. Whole 

body magnetic resonance imaging and hepatic spectroscopy were performed to assess body 

composition and intrahepatocellular lipid. Longitudinal data was available for 70 infants, of 
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whom 36 were breast fed, 25 were formula fed and 9 were mixed feeding.  No differences 

were found in body composition and intrahepatocellular lipid between breast fed and formula 

fed infants at approximately 2 months of age.  

Gianni et al (2014) reported data for 64 breastfed infants and 61 formula fed infants at birth 

and 4 months of age. Values for weight and body fat percentage were similar between groups 

at 4 months of age (breast fed 6.495±0.449kg and 27.43±4.88% and formula fed 6.703±0.803 

and 27.09±5.80%). However absolute values of fat free mass and the percentage increase in 

fat free mass from birth was higher in the formula fed infants.  

Anderson et al (2010) examined the association between maternal dietary trans-fatty acid 

intake and infant body composition.  96 mother-infant pairs were recruited. In this study 

mothers and infants had their body composition performed using air displacement 

plethysmography three months after delivery. The mother-infant pairs were divided into 

breast feeding (n=65), mixed feeding (n=20) and formula feeding (n=11). All mothers had 

similar body fat percentages. All infants had similar weight and body fat percentages at three 

months (breast feeding 24.87%, mixed feeding 22.15% and formula feeding 23.93%). Higher 

consumption of trans fatty acids resulted in higher maternal and infant body fat percentage.  

Fields and Demerath (2012a) examined the relationship between breast milk hormones and 

adipokines and infant body composition (using DEXA) in 19 mother-infant dyads. Mothers self-

reported age, parity, pre-pregnancy weight and gestational weight gain. The authors found 

that the only potential confounding factor associated with any breast milk variable was 

maternal pre-gravid BMI, however there is potential bias here as the maternal BMI was self-

reported. Maternal pre-gravid BMI was positively associated with breast milk leptin, infant fat 

mass and infant fat free mass.  The infants in the study were measured at 40±3.7 days and 

weighed 4790±651kg, with 23.9±2.9% body fat. They found that milk IL-6 concentration had 

negative associations with infant growth and adiposity, TNF-α and insulin concentrations were 
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associated with lower lean body mass, but not fat mass and that milk leptin concentration was 

positively associated with maternal BMI and negatively associated with infant weight.  

Racial differences in neonatal body composition have been discussed previously, but 

differences in infancy are also described. Stanfield et al (2012) reported on racial differences in 

body composition using air displacement plethysmography. The London Mother and Baby 

Study was a cross-sectional observational study designed to test the hypothesis that UK-born 

infants (6-12 weeks old) of South Asian ancestry differ in their body composition from infants 

of White European origin. They recruited 30 mother-infant pairs in each group. All infants were 

born at term (37-42 weeks). Mothers of the infant in the South Asian group were more likely 

to be vegetarian. Infants in the South Asian group were lighter with a shorter gestational age 

than the White European group (3.06 v 3.56kg and 40.0 v 39.4 weeks). When adjusted for age, 

the South Asian infants had greater subscapular skinfolds. At the time of measurement, South 

Asian infants were lighter (4.88 v 5.10kg), had lower fat free mass than the term born infants 

(3.85 v 4.12kg) but had similar fat mass (1.03 v 0.98kg). The study demonstrates that from 

early infancy racial differences exist and that this may underpin the increased risk of metabolic 

syndrome seen in individuals of South Asian origin. 

So what is the relationship between body composition in infancy and adulthood? While poor 

early growth is associated with morbidity and mortality, excessive early growth (particularly if 

born small for gestational age) is also associated with adverse outcome. Wells (2012) describes 

the concept of metabolic capacity and metabolic load. Metabolic capacity refers to a variety of 

aspects of organ structure and function which emerge during the period of hyperplastic 

growth, dominated by cell division. Individual traits contributing to metabolic capacity include 

muscle mass, beta cell mass and nephron number.  Metabolic load describes challenges to 

homeostasis. Metabolic load is exacerbated by large tissue mass, a rich diet and sedentary 

behaviour.  Wells summarised that while there is good evidence that birth weight programs 
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metabolic capacity, as represented by lean mass, but only weak evidence that birth weight 

itself programs metabolic load.  

Some studies relate infant size at birth and growth rate in early infancy and childhood to adult 

body composition. In the UK ALSPAC study (Ong et al 2000), infants growing fast between birth 

and two years were those born small with risk factors for fetal growth restriction. Those 

growing faster also had higher indices of central fat at five years. In Chandler-Laney et al (2013) 

higher weight gain in early infancy was linked to higher total body fat (measured by DXA) at 12 

months of age. However, there is little data linking body composition at birth to body 

composition in later life. 

1.3.9 Third trimester fetal growth and changes in body composition 

And now, to turn our attention to preterm infants born before 37 weeks gestation. Assessment 

of growth is ongoing during fetal life. Identification of small or large for gestational age infants 

is an important part of obstetric practice. Knowledge of fetal growth in utero helps us to 

understand more about postnatal growth in the preterm infant. This section will discuss what 

is known about third trimester fetal growth and fat deposition, as well as its relationship to 

neonatal body composition. 

Hemachandra et al (2006) analysed data from antenatal ultrasound scans perfomed at 17, 25, 

33 and 37 weeks in 1349 women who were at risk for giving birth to a small for gestational age 

infant in Norway and Sweden from 1986-1988. Biparietal diameter, abdominal circumference 

and femur length were measured and estimated fetal weight was calculated using Hadlock 3 

formula. Detailed anthropometry was performed on the infant after delivery. 747 women 

completed all four antenatal ultrasounds. Fetal growth velocity was calculated and growth 

velocity was categorized as being either above or below the 10th centile. Early growth 

restriction was inferred from an estimated fetal weight less than the 10th centile for the 

population at the earliest ultrasound. Five patterns of isolated growth restriction were 
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identified: First trimester, second trimester, first and second trimester, early third trimester, 

late third trimester. Infant ponderal index, centripetal ratio (subscapular skinfold thickness 

(subscapular skinfold thickness+triceps skinfold thickness)) and calculated arm fat were 

calculated at birth.  

Isolated growth restriction was identified in 184 subjects. 384 control subjects had consistently 

normal growth. The remaining 179 subjects were excluded because of consistent growth 

restriction or restriction in two or more noncontiguous intervals. Smoking rates were high in all 

groups. Infants who experienced growth restriction in the first trimester were, on average, 

heavier than infants in the other groups, with a larger ponderal index, higher centripetal ratio, 

higher subscapular skinfold thickness and a higher percentage of arm fat. Infants with early 

third trimester growth restriction had the lowest mean birth weight of all groups. Female 

gender and maternal smoking were associated with a decrease in birth weight. Increasing 

maternal BMI and gestational age were predictive of increased birth weight. The study does 

not state when maternal BMI was measured or if it was based on self-reporting. Isolated fetal 

growth restriction in the first, second or both first and second trimesters had no predictive 

value for birth weight. This suggests that birth weight is a poor reflection of intrauterine 

growth restriction during the first two trimesters.  

This is similar to the findings of the Dutch Famine Study where infants born to mothers who 

were affected by famine in early pregnancy also had slightly higher birth weight than infants 

whose mothers were exposed in the third trimester or not at all. However these infants did 

have a more atherogenic lipid profile and a higher risk of coronary heart disease.  In this study, 

infants with growth restriction restricted to the second trimester had the highest adiposity. 

The second trimester is the period of adipogensis as well as the period of maximal growth 

velocity of the placenta. In a sheep model, maternal nutrition restriction during this period 

resulted in offspring with heavier placentas, more adipose tissue and increased leptin mRNA. A 
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potential for bias in the study is the exclusion of preterm infants from the analysis since under 

nutrition may shorten gestation and current obstetric practice is to prematurely deliver fetuses 

with impaired intra uterine growth. However this study does shed some light on why normal 

infant body composition might be adversely affected by preterm delivery. 

Antenatal ultrasound assessment incorporates many different variables which are related to 

nutrition including mid arm fat and lean mass, mid-thigh fat and lean mass, abdominal fat 

mass, subscapular fat mass, cheek to cheek diameter and buttocks. In Lee et al (2012), thigh 

volume had the strongest correlation with percentage body fat. (46% variance, which was 

greater than that predicted by birth weight). The paper questions the classification of LGA and 

SGA, as the authors felt that ultrasound parameters which are traditionally used do not 

actually reflect fetal or neonatal nutrition.  

More detailed in utero measurements have yielded different results (Lee et al 2009, O’Connor 

et al 2013, O’Connor et al 2014a and 2014b). The purpose of one of our studies in the Coombe 

Women and Infants University Hospital was to examine the relationship between prenatal 

measures of fetal nutritional status and to correlate them with neonatal body composition 

using air displacement plethysmography (PEA POD Cosmed, Rome, Italy). 62 mothers had 

serial biometry and subcutaneous tissue measurements including fetal abdominal 

subcutaneous tissue (FAST), thigh fat and thigh muscle performed at 28, 33 and 38 weeks 

gestation. As expected, FAST, thigh fat and thigh muscle showed an increase with gestational 

age from 28-38 weeks gestation and was normally distributed. Thigh fat thickness at 28 weeks 

gestation was associated with infant fat mass at delivery (+79g/mmTF), however the effect 

was only significant in smokers. Thigh fat and FAST at 38 weeks were predictive of both birth 

weight and increased neonatal abdominal circumference. 10 mothers had diabetes which 

increased neonatal body fat percentage, but not birth weight. There is a paucity of data 

examining the relationship between prenatal measures of fetal adiposity and assessment of 
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neonatal adiposity. Fetal thigh subcutaneous tissue measurements have also been shown to 

be useful in terms of birth weight prediction and also identification of the growth restricted 

fetus.  

The Generation R study group (Jaddoe et al 2014) has published on the relationship between 

first trimester growth and cardiovascular risk factors at 6 years of age. 1184 participants who 

had a known last menstrual period (LMP) and who had a first trimester dating scan which 

corresponded with the LMP (+/- 7 days) were included. At age 6, the children were weighed 

and measured, had DXA scanning performed, blood pressure measured and phlebotomy 

performed to measure total cholesterol, low density lipoprotein cholesterol, high density 

lipoprotein cholesterol, triglycerides, insulin and C-peptide. They demonstrated that impaired 

first trimester fetal growth is associated with an adverse cardiovascular risk profile in in school 

age children (adverse body fat distribution, higher diastolic blood pressure and adverse blood 

cholesterol profile). The authors do allude to the difficulty in timing pregnancy by LMP, but 

state that this did not change their results when a sensitivity analysis was performed.   

Human newborns are fatter than one would expect for a mammal of their size (Kuzawa 1998, 

Zafon 2007). While in utero fat deposition is less than 2% of body weight in most species, it is 

approximately 8-12% in humans. This is likely to serve as both an energy source and as 

insulation. Fat accumulates rapidly in the first 6 months of life to a peak of approximately 25%, 

with a tendency towards higher body fat percentage in female infants. Fat deposition occurs in 

the last trimester of pregnancy. Early birth, particularly prior to 37 weeks gestation will 

interfere with this process. 

 

 

1.3.10 Growth and nutrition of the preterm infant 
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The relationship between small size at birth and the development of cardiovascular and 

metabolic disease in later life has been well described (Eriksson et al 2001, Barker 2004, 

Kensara et al 2005). While excessive ‘catch-up’ growth can also be detrimental to metabolic 

health (Dullo et al 2006),it is recognized both in term and preterm infants that poor growth is 

associated with other morbidities (Weaver 2012, Wood et al 2003, Ramel et al 2012, Adair et 

al 2013) and that early growth faltering can take time to resolve (Din et al 2013). Postnatal 

growth restriction has been well documented in preterm infants (Clarke et al 2003, Lemons et 

al 2001, Rubin 2009). Some preterm infants are born small for gestational age, however many 

more develop growth restriction postnatally.  

Initial weight change is mainly a reflection of changes in body water, thereafter in a clinically 

stable baby it is more likely to reflect nutritional status. Centile charts using ‘growth standards’ 

are typically based on either intrauterine growth or birth weights at each gestation and make 

no attempt to describe normal longitudinal growth for preterm infants. Some of these growth 

charts are based on maternal history, preterm birth is often linked with poor intrauterine 

growth, ultrasonic determination of fetal growth can be inaccurate and cross sectional data 

does not reflect growth as a continuum (Sauer et al 2007). The concept of ‘growth reference’ 

charts for preterm infants is not new (Villar et al 2010). Ehrenkranz et al (1999) published 

longitudinal growth data for very low birth weight infants. Data was collected on 1660 infants 

born between 501 and 1500g in one of twelve National Institute of Child Health and Human 

Development (NICHD) Neonatal Research Network centres between August 1994 and August 

1995, who survived >7 days and were free from congenital abnormalities. Infants were 

measured until they reached 2000g or were discharged, transferred, reached 120 days or until 

they died. Trained staff measured weight, head circumference, length and mid arm 

circumference. Average daily weight gain after regaining of birth weight was 14.4-16.1 

g/kg/day (which is similar to intrauterine growth). Length and head circumference increased 

by approximately 0.9 cm/week. Feeding practices were different in the 90’s when this study 
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was performed. Infants born <1000g started enteral feeds between day 6 and 9 and took 

approximately 30 days to reach full feeds. Chronic lung disease and late onset sepsis impacted 

negatively on infant growth. The group published growth curves for each birth weight group, 

however the authors did note that these should not be taken as optimal. 

Several other groups have described growth curves for preterm infants (Roa and Tompkins 

2007, Horemuzova et al 2012). An updated meta-analysis to revise the Fenton growth chart 

was published in 2013, including data from nearly four million preterm infants.  A more recent 

preterm growth reference has been published using data from 5009 preterm infants (<32 

weeks) born in 40 neonatal units in the UK between 2006-2011 (Cole et al 2013).   

More recently, it has been recognized that more aggressive nutritional support is necessary to 

prevent excessive initial catabolism and reduce the risks of malnutrition including adverse 

neurodevelopmental outcome (Ehrenkranz et al 2006, De Curtis and Rigo 2011, Rochow et al 

2012). Higher protein:energy ratio has been linked a decreased risk of fat free mass deficit. 

Male infants have been shown to be more at risk of fat free mass deficit than females (Simon 

et al 2014). Meanwhile evidence of impaired metabolic outcome in ex-preterm children and 

adults is emerging (Singhal et al 2003, Min et al 2007, Belfort et al 2013, Brown and Hay 2013). 

It is likely that a balanced and individualized approach is required. Intrauterine growth velocity 

is 21g/kg/day (15g/day) between 23-27 weeks and 12g/kg/day (33g/day) between 35-37 

weeks gestation (Kramer et al 2001). It is unlikely that we can mirror this growth given that is 

may take two weeks or more for an extremely preterm infant to regain their birth weight 

(Carlson and Ziegler 1998). Nutrition and growth are very closely linked (Olsen et al 2014). Very 

low birth weight infants accumulate massive energy deficits in the first few weeks of life 

(Embleton et al 2001). In order to reflect fetal amino acid supply, very low birth weight 

preterm infants require 3 to 3.5 g/kg/day of amino acids initially, increasing to 4 g/kg/day 

within the first week (Tsang guidelines 2005, ESPGHAN guidelines 2010, Cormack and 
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Bloomfield 2013). It is now usual practice to initiate enteral feeds with expressed breast milk 

(maternal or donor) as soon as possible after delivery. Presence of an umbilical arterial 

catheter is not usually a contraindication to feeding, however cardiovascular compromise 

particularly requiring treatment with inotropic agents may be. Increasing feeds by 30 

ml/kg/day results in short time interval to full feeds, with the added benefit of earlier removal 

of percutaneous intravenous catheters and a resultant improvement in rates of late onset 

catheter-related sepsis. It is recommended that a growing preterm infant should receive  110-

135 kcal/kg/day and 3.4-4.2 g/kg/day of protein, increasing to 130-150 kcal/kg/day and 3.8-4.5 

g/kg/day of protein for infants born <1000g.  Fortification of breast milk provides additional 

nutrient supply.The nutritional content of preterm formulas reflects the Tsang/ESPGHAN 

guidelines. Despite extensive research, feeding practices vary and a lack of evidence remains in 

this area (Klingenberg et al 2012, Kuschel and Harding 2009, McLeod and Sherriff 2007). Post 

discharge, even more questions exist (O’Connor and Unger 2013). It may even be that preterm 

birth alters hormonal regulators of appetite such as ghrelin and adiponectin (Savino et al 2012, 

Nakano et al 2013). It has become recognized that quality of infant growth is important and 

that measurement of infant body composition is a quantifiable outcome.  

1.3.11 Body composition of the preterm infant 

The following sections discuss the influence of preterm birth on body composition. Preterm 

body composition will be considered at several time points – shortly after birth, at term 

corrected age, in infancy and in childhood/young adulthood. 

 

 

1.3.12 Body composition of the preterm infant at birth 
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In order for a preterm infant to have their body composition measurement they need to be 

clinically stable and off respiratory and intravascular supports. Because of this little data exists 

for infants <28 weeks and studies include more mature infants.  

As part of the study discussed previously on reference ranges for the body composition of 

neonates using DEXA scanning, Rigo et al (1998) performed measurements on 53 preterm 

infants (25 boys and 28 girls). Measurements were performed in the first week of life in 33 

infants and the second week of life in the remaining 20 infants. Mean birth weight, length and 

gestational age were 1901±434g, 42.9±2.6cm, 33.3±2.4 weeks. The mean fat content was 

approximately 190g in an infant weighing 2000g. Schmelzle et al (2007) also reported DEXA 

values for 35 preterm infants <37 weeks in first 10 days of life. 

Fusch et al (1999b) performed DXA measurements on preterm infants during their hospital 

stay. Infants had a birth gestation of 32±2 weeks and had measurements performed once on 

oral feeding at approximately 2 weeks of age.  Measurements were performed on 58 preterm 

infants. Mean weight was 1.7±0.5, fat mass 150±120g and percentage body fat 8±4%. 

Using air displacement plethysmography Ramel et al (2014) performed body composition 

measurements on 98 singleton, appropriate for gestational age preterm infants within seventy 

two hours of birth. Infants were eligible for recruitment if they were born between 30+0 and 

36+6 weeks gestation with a birth weight >1kg and stable off oxygen for >5 minutes. Parental 

weight, height and ethnicity were recorded by parental self-report. Maternal diabetes affected 

18% of pregnancies. Mean gestational age (SD) and birth weight (SD) were 34.20(1.77) weeks 

and 2266(459)g. Mean fat mass (SD), fat free mass (SD) and body fat percentage(SD) were 

191.54(125.38)g, 1975.45(372.44)g and 8.33(4.52)%. Fat free mass values increased linearly 

from 1250 to 2250g from 30to 36 weeks gestation with 95% confidence limits for the mean of 

±500g. Fat mass increased linearly from 100 to 300g over the gestational range with 95% 
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confidence limits for the mean of ±250g. Maternal diabetes increased body fat percentage in 

this preterm infant group.  

In her PhD thesis (2013), Dr. Ann-Marie Brennan performed body composition on 47 preterm 

infants born <34 weeks and <1500g at 34 weeks post menstrual age (34.2±0.8). Mean weight 

was 1.842±0.325kg and body fat percentage was 12.5±4.6%. This is the only data on preterm 

infants in Ireland. 

In her thesis, Jennifer Chin (2013) describes use of air displacement plethysmography to 

longitudinally track the body composition of preterm infants during their hospital stay. The 

method had to be adapted to allow measurement of stable infants within the NICU setting and 

to allow for bedside testing even in infants who required intravenous infusions and monitoring 

during the testing procedure. 65 preterm infants (27-36 weeks) were enrolled in the study. 23 

healthy term infants were also recruited and measured within 72 hours of birth as study 

controls. Preterm infants were measured daily for the first 21 days of life and twice weekly 

thereafter. Length and head circumference measurements were performed weekly. The range 

of birth weight of included preterm infants was 960-2985g. Preterm infants gained 27.5g/day 

of body weight, 4.85g/day of fat mass and 22.75 g/day of fat free mass during their hospital 

stay. Preterm appropriate for gestational age infants increased percentage body fat during 

their hospital stay, at a higher rate than small for gestational age infants. This results in AGA 

infants having a higher body fat percentage than term born infants by the time they get to 

term and SGA infants having a body fat percentage much more comparable to term born 

infants. Fat mass, fat free mass and body fat percentage were positively and linearly related to 

body weight at the time of the test. Though weight alone only contributed 29% of variance to 

percentage fat mass. The adaptation of the PEA POD device in order to allow testing of infant 

in a neonatal intensive care setting is promising for use in clinical trials.  
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1.3.13 Body composition of the preterm infant at term corrected age 

A systematic review and meta-analysis of preterm birth and body composition at term 

equivalent age has recently been published (Johnson et al 2012). Studies were included if they 

made direct comparisons between premature infants (born <37 weeks gestation) at term 

equivalent age 37-42 weeks and infants born at term using the same method. Studies where 

the preterm population was assessed at <37 weeks postmenstrual age were excluded. Studies 

examining the effects of modified feeds were excluded, as were studies looking specifically at 

infants born small or large for gestational age, infants of diabetic mothers or infants with 

specific conditions such as chronic lung disease. Inclusion criteria were studies which included 

measurement of studies fat mass, fat free mass or percentage total body fat using a 

recognized technique. Studies in which estimates of body composition were based on a 

derivation with formulas using anthropometry, skin folds or bioelectrical impedance were 

excluded. Eight studies met the criteria and were included in the review (Figure 7). 
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Figure 7.Details of included studies in meta-analysis of preterm birth and body composition 
at term equivalent age (Johnson et al 2012) 
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733 infants were included from the studies of which 388 were preterm. The preterm infants 

had a mean gestational age at birth of 30.0 (SD 2.6) weeks and a birth weight of 1.18 (SD 0.33) 

kg. The full term group had a mean gestational age at birth of 39.6 (SD 1.3) weeks and birth 

weight of 3.41 (SD 0.60) kg. Body composition was assessed at 39.5 weeks in the preterm 

group and 39.8 weeks in the term group. The eight included studies used three different 

methods to measure body composition; DXA, MRI and air displacement plethysmography. The 

authors investigated the risk of bias associated with each of the methods used. While DXA 

scanning tends to overestimate the fat mass or total body fat by 12-30% and MRI by 6%, air 

displacement differs from the reference standard by 0.05-0.06%.  The chronological age of the 

full term infants was only reported in three studies, however in all but one study, 

measurements were performed in the first week of life. Seven out of eight studies compared 

the total body fat percentage of the preterm infant at term (n=366) with full term infants 

(n=306). Meta-analysis showed that infants born prematurely had 3.06% greater body fat than 

term born infants (Figure 8). However it was only in the air displacement plethysmography 

subgroups that preterm infants at term equivalent age had significantly higher total body fat 

percentage, with a mean difference of 6.34%.  Five of the included studies contained data for 

fat mass (n=297, 140 preterm, 157 full-term infants), however this information was not 

available for the air displacement plethysmography studies. Preterm infants had significantly 

less fat mass at term equivalent age compared with those born at full term. The mean 

difference was 50g. Three studies reported on fat free mass (n=137, 50 preterm and 87 full-

term infants). Meta-analysis showed that preterm infants had 460g less fat free mass than full-

term infants at term equivalent age.  Secondary outcomes reported that preterm infants were 

lighter, shorter and with a smaller head circumference than term born infants at term 

equivalent age. The authors concluded from the studies that the reduction in body weight of 

preterm infants at term equivalent age could be attributed to a lack of lean body mass rather 

than an excess of fat mass. They also considered the effect of this on the infants’ long term 
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metabolic and cardiovascular health. They suggested that this lack of lean body mass could the 

final common pathway of a range of exposures that modulate the preferred partitioning of 

nutrients to lean tissue growth.    

 



 

73 
 

 

Figure 8.Forest plot of meta-analyses of differences in A) percentage body fat, B) fat mass 
and C) fat free mass between preterm infants at term and term born infants (Johnson et al 
2012) 
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Several MRI studies were included in the review by Johnson et al (2012). MRI studies have the 

advantage of directly assessing body composition and can comment on the site of adipose 

tissue deposition. The disadvantage is access and the need for the infant to be quiet and still 

during the examination. Uthaya et al (2005) performed full body MRI on preterm infants at 

term corrected age and compared them with term born infants. They used a ‘feed and wrap’ 

technique to achieve a sleeping infant during the investigation. Data was collected on infant 

nutrition and illness severity, as well as postnatal growth and infant anthropometry. 67 infants 

were studied, 38 preterm infants <32 weeks at term and 29 term infants. The preterm infants 

were lighter and shorter at term; however normal head circumference was preserved. Total 

adipose tissue percentage in the preterm group was 17% (SD 4.0) and 18.3% (SD 2.5) in the 

term group, with a significant reduction in the subcutaneous adipose tissue and increase in the 

intra-abdominal internal adipose tissue. Increased intra-abdominal internal adipose tissue was 

linked to increased illness severity. The authors discuss the significance of this result, given 

that in older children and adults increased intra-abdominal adiposity is marker for insulin 

resistance and dyslipidaemia. Vasu et al (2009) also published on behalf of the group. In his 

study he compared the adipose tissue and lean body mass in 22 preterm infants <33 weeks at 

term equivalent age and 39 term infants. They demonstrated that the preterm infants had 

similar adipose tissue mass to term born infants, with a reduction in their lean body mass 

(preterm 2.37 (2.24-2.5)kg and term 2.68 (2.58-2.77)). Increased intrahepatocellular lipid 

deposition was also demonstrated in this group. Olhager and Forsum (2003, 2006) have also 

published MRI body composition data for preterm infants. Their initial study published in 2003 

included 8 appropriate for gestational age infants born between 30-33 weeks gestation and 9 

full term appropriate for gestational age infants. Gestation was confirmed by ultrasound scan 

performed at 12-14 weeks. All but one of the preterm infants had a birth weight >1500g. The 

MRI evaluation was performed at a corrected gestational age of 38.9-43 weeks in the preterm 

infants and 39.6-43.7 in the full-term infants. Term infants had a mean age of 8 days at the 
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time of evaluation. The preterm group weighed less than and were shorter than the full term 

group at term corrected age (3350±250kg v 3895±565kg and 52±1cm v 54±2cm). The head 

circumference was similar in both groups (37±1cm v 36±2cm). Body composition results were 

expressed as total adipose tissue volume (ml), total adipose tissue volume (ml/kg body weight) 

and subcutaneous adipose tissue volume. The authors did not convert adipose tissue volume 

into kg to express percentage adipose tissue for the cohort. Total adipose tissue volume was 

lower in preterm infants when compared to term (912±105ml v 1042±358ml); however 

preterm infants tended to have relatively more adipose tissue when expressed as ml/kg body 

weight (272±21ml v 261±56ml). They also tended to have less subcutaneous adipose tissue 

than the term infants (88.9±1.6% v 89.7±2.0%). A follow-up study from the group published in 

2006 included the 8 preterm infants described in their initial study, but included a further 36 

full term infants. They found that skinfold thickness related poorly to the total body adiposity 

measured by MRI techniques.  

Paola Roggero and her group have published extensively on infant body composition 

measured by air displacement plethysmography in both term and preterm infants and rejects 

the view that there is increased intra-abdominal adipose tissue in preterm infants when 

compared with term born infants (Roggero et al 2015). Her paper from 2009 was included in 

the meta-analysis by Johnson et al. They recruited 110 singleton Caucasian preterm infants 

born <1500g and 87 full term appropriate for gestational age breast feeding infants. 

Gestational age was calculated from last menstrual period (LMP) and confirmed with first 

trimester ultrasound. During the hospital stay, body weight was measured daily and daily 

weight gain after regaining birth weight was calculated in g/kg/day. Infants were classified as 

small or appropriate for gestational age according to the Fenton’s chart. Length and head 

circumference were measured weekly. Preterm infants received parenteral nutrition and 

minimal enteral feeds with expressed breast milk or preterm formula for a minimum of two 

weeks. Subsequently, up to discharge, the nutritional regimen was either fortified breast milk 
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or preterm formula if breast milk was unavailable or insufficient. In the preterm group mean 

birth weight and gestational age were 1118±274g and 29.9±2.3 weeks respectively. Small for 

gestational age infants represented 55% of the preterm cohort. Weight, length and head 

circumference were significantly smaller in the preterm group at term corrected age as 

compared to the term group at birth. Mean (SD) percentage of body fat was higher in the 

preterm group (14.8(4.4) v 8.59(3.7), p<0001). Expressed breast milk provided more than 50% 

of daily intake in 48% of the preterm cohort. In the preterm group gestational age at birth 

showed a negative correlation with fat mass, while weight increase was positively associated 

with fat mass at term corrected age. There was no association between gender and fat mass.  

McLeod et al (2009) presented air displacement plethysmography data in abstract form of 20 

preterm infants born between 25 and 32 weeks gestation compared with 14 term born infants. 

Preterm infants weighed a median of 2752g (min-max 1596-4549g), with a median body fat 

percentage of 17% (12-22), while full term infants weighed a median of 3245g (2397-3937g), 

with a median body fat percentage of 7% (3-21).  

Dual-energy x-ray absorptiometry (DXA) has also been used to assess the body composition of 

preterm infants. Fusch et al presented data at the European Society for Paediatric Research in 

1999 which showed that preterm infants at term (n=52, gestation 32±2 weeks) had a mean 

weight, fat mass and percentage fat mass of 3.2±0.7, 600±380g and 18±8, while term infants 

had a weight, fat mass and percentage fat mass of 3.4±0.8, 600±420g and 16±7. 

Ahmad et al (2010) also performed body composition measurements on preterm infants using 

DEXA. They performed measurements on 102 medically stable appropriate for gestational age 

infants on full feeds, of which 63 infants were preterm 23-36 weeks and 39 infants were born 

37-42 weeks. DEXA scanning was performed at term corrected age in the group of infants born 

23-28 weeks (n=20) and these infants were compared with the term born group of infants 

(n=39).  Percentage body fat was similar in both the preterm and term group. The preterm 
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infants were significantly smaller and lighter when the DXA scan was performed. They also 

tended to have a younger corrected gestational age at the time of measurement (38.6 v 40.1 

weeks). 

Ramel et al (2011) published air displacement plethysmography data comparing 26 

appropriate for gestational age preterm infants (<35 weeks, mean gestational age 31.5±2.7 

weeks) with 97 appropriate for gestational age term infants (39.8±1.0 weeks). Infants of 

diabetic mothers were excluded. In her paper she highlights the importance of the timing and 

magnitude of the recovery of fat free mass; therefore measurements were performed both at 

discharge and four months corrected gestational age.  Illness severity score (Score for 

Neonatal Acute Physiology System) was calculated on day one of life. The total energy deficit 

while in hospital was calculated by subtracting actual energy received daily from goal energy 

requirement (120 kcal/kg/day). Similarly actual protein intake was subtracted from goal of 

3.5g/kg/day. Again, the preterm infants in this study were found to be lighter and shorter, 

however head circumference was not affected.  Fat mass and percentage body fat were higher 

in the preterm group (0.68kg SE 0.03 v 0.59kg SE 0.02, p=0.001 and 18.69% SE 0.79 v 15.15% 

SE 0.46, p<0.0001 respectively). Fat free mass was lower in the preterm group when compared 

with the term infants (2.97kg SE 0.10 v 3.29kg SE 0.05). The majority of the infants recruited 

were of Caucasian ethnicity (88.5%). Maternal pre-pregnancy weight, pregnancy weight-gain 

and BMI are reported on, but there are no details with regard to how these measurements 

were obtained. Paternal BMI is also reported. In preterm infants, the gestational age at birth 

was positively associated with weight, length and fat free mass. The cumulative protein deficit 

during hospital admission was negatively associated with weight and fat free mass. Illness 

severity on day one of life had no effect on body composition at term corrected age. The body 

fat percentages of both term and preterm infants are higher than reported in other European 

studies. The authors hypothesised that this could be due to higher maternal BMI or differing 

dietary habits during pregnancy. The preterm group was relatively heterogeneous, given that 
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infants ranged in gestation from 26-34 weeks. This group also demonstrated improved speed 

of brain processing (using pattern –reversal visual evoked potential and P100 positive peak 

latency) in preterm infants (n=16) with increased fat free mass at discharge and 4 months 

corrected gestational age.  

Simon et al published their paper in 2013 after the meta-analysis had been published. They 

performed air displacement plethysmography on 180 preterm infants (<35 weeks) prior to 

discharge and 46 full term infants on day 3 of life. Full term infants had a lower percentage 

body fat (10.1±3.7%) than preterm infants at term (13.4±4.2%). While in term infants, females 

had higher percentage body fat than males; this was not observed in the preterm infants. 

Preterm infants had lower fat free mass than term infants.  

Some air displacement studies including preterm infants were not included in the meta-

analysis because there was no term infant comparison group or because the data was the 

subject of a randomised controlled trial. Roggero’s group has performed many of these 

studies. In 2008(a) they published a study which performed longitudinal measurement of 

preterm infants. Recruited infants were born <1800g and <34 weeks. All infants were 

appropriate for gestational age at birth.  Infants that were growth restricted by term corrected 

age (n=35) were compared to infants who were appropriate for gestational age by their due 

date (n=26). From term to the fifth month, infants were fed a nutrient-enriched post discharge 

preterm formula (protein 2g/100ml, energy 75 kcal/100ml) on demand. No breast-fed infants 

were included. Measurements of body composition were performed at term which will be 

discussed here. Follow-up measurements were performed at 1,2,3,4 and 5 months. This will be 

discussed in the preterm infant body composition during infancy section. Sample size was 

calculated at 28 per group to detect a 3% difference in fat mass at term corrected age (at p< 

0.05 and with 80% power). Mean birth weight (SD) and gestation (SD) were 1326(401)g and 

31.3(2.6)weeks in the growth restricted at term group and 1499(341)g and 30.4(2.6) in the 
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appropriate for gestational age at term group.  At term corrected age the growth restricted at 

term group had significantly lower body fat percentage when compared to the appropriate for 

gestational age group. 

A paper consisting of a subset of the infants (n=53) included in the previous study describes 

energy and protein intakes in these infants (Roggero et al 2008b). All infants were formula fed 

from birth, initially on a formula containing protein 2.76g/100ml and energy 82.9kcal/100ml. 

Percentage body fat at term was 14.8%(4.3). Infants were followed until 3 months corrected 

gestational age (findings will be discussed in section 3.7.3). 

The Milan group (Gianni et al 2009) also published a study comparing 67 small for gestational 

age preterm infants (<10th centile, <34 weeks) with 132 small for gestational age full term 

newborns. They tested the null hypothesis that the fat mass in preterm SGA infants assessed 

at term equivalent age was not different from that of full-term SGA newborns.  Of note, the 

mean duration of parenteral nutrition in the preterm group was 20.8(±13.7) days. The preterm 

infants had a birth weight and gestation of 1140±237g and 30.6±2.3 weeks. By the time they 

reached term equivalent age, the preterm infants weighed 2402.9±426g. The term infants 

weighed 2314±213g. The preterm infants were shorter, with a smaller head circumference 

than their term born counterparts. The preterm infants had higher fat mass and body fat 

percentage at term equivalent age than the term SGA infants; 352.8±157.7g and 14.3±4.7% v 

138.8±88.5g and 5.8±3.5% respectively.  

Meyers et al (2013) studied the effect of parenteral nutrition on the preterm infant <35 weeks 

gestation. They hypothesized that percentage body fat at term would correlate with duration 

of use of parenteral nutrition. Infant body composition measurements were performed at 38-

40 weeks or at discharge, whichever came first. The duration of parenteral nutrition (number 

of days), mean protein intake (g/kg/day) and mean energy intake (kcal/kg/day) was recorded. 

61 preterm infants with mean gestation of 31.8 weeks and birth weight of 1837g were 
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recruited. Mean gestational age at discharge was 37.2±2.0 weeks, with a mean fat free mass of 

2154±272g and mean percentage body fat of 13.9±4.6%. Percentage body fat was higher at 

discharge in infants who had received parenteral nutrition (n=39) when compared to those 

who had not. Infants who had received parenteral nutrition were smaller and more preterm 

than those who had not. For the entire cohort, multiple regression revealed that percentage 

body fat was predicted by gestational age at birth and time to regain birth weight, but not by 

the use of parenteral nutrition.  

Cooke (Cooke and Griffin 2009) has published extensively in the area of preterm infant growth 

and nutrition. Some of his work focuses on body composition using DXA during hospital 

admission, at discharge and during early infancy. The group performed DXA scan 

measurements on one hundred and forty nine preterm infants <34 weeks, <1750g at hospital 

discharge. Their feeding protocol is described in detail, with infants reaching full enteral feeds 

(150 ml/kg/day) by day 12-14. Mean (±SD) birth weight was 1406 (±248g) and gestation was 31 

(±1.7) weeks. Very few infants <28 weeks were studied. Infants were measured at hospital 

discharge (37±1.2 weeks).  Fat mass was 307±130g (13±3.4%) and fat free mass 2062±277g 

(87±3.4%), with a tendency towards increased central fat mass. Infants were fed either human 

milk or formula, but this is not described in detail.  

To summarise, there is evidence in the literature that preterm infants have altered body 

composition at term corrected age when compared with term born infants. However some of 

the data is from older studies when preterm infant feeding regimens differed from current 

practice. Preterm infants are a heterogenous group and growth restriction is a common reason 

for preterm delivery. Preterm infants may be receiving fortified breast milk or preterm formula 

depending on the study and again the issue of the influence of maternal body mass index is 

raised. It should be noted that two studies report no difference in the percentage body fat 

between male and female preterm infants at term corrected age. In term infants the body fat 
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percentage is higher in females and male infants have higher lean body mass. If this does not 

pertain to male preterm infants, there may be increased vulnerability to adverse consequences 

of prematurity when compared with female preterm infants.  

1.3.14 Body composition of the preterm infant during infancy 

Fusch et al (1999b) performed follow-up DXA scans in the group of preterm infants described 

above.  Preterm infants were measured at 53±1 (n=33 preterm and 21 term) and 66±1 (n=20 

preterm and 18 term) weeks and compared with term-born controls.  While there was a 

tendency for preterm infants to have higher percentage body fat at term corrected age, by 

twenty six weeks corrected gestational age, the term infants were heavier and more adipose 

than their preterm counterparts (Table 5).  

 Preterm Preterm Term Term 

n 33 20 21 18 

Age (weeks) 53±1 66±1 53±1 65±1 

Weight (kg) 5.7±1.1 7.4±1.0 6.1±1.0 8.0±1.1 

Fat mass (g) 1670±610 2140±820 2100±700 3000±980 

%Fat mass 29±7 28±8 34±7 37±8 

Table 5. Comparison of weight and body fat percentage in preterm and term infants (Fusch 
et al 1999b) 

Ramel et al (2008a) published air displacement plethysmography data comparing 26 

appropriate for gestational age preterm infants (<35 weeks, mean gestational age 31.5±2.7 

weeks) with 97 appropriate for gestational age term infants (39.8±1.0 weeks). The study 

findings at term corrected age have been discussed previously. Measurements were repeated 

between 53-58 weeks post menstrual age in all infants. At this visit, weight, length and head 

circumference were similar between both groups of infants. Preterm infants demonstrated 

‘catch-up’ in terms of fat free mass accretion. Differences seen in fat mass and body fat 
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percentage (preterm 27.74% SE 1.74 v term 23.9 SE 0.65) had disappeared by this time. 

Differences in feeding practices were observed at this time point, in that 69.2% of preterm 

infants compared with 30.8% term infants were exclusively formula fed at the time of the 

follow-up visit. The type of formula used (i.e. preterm formula or first infant milk is not 

described). The cumulative protein deficit during hospital admission was negatively associated 

with fat free mass at four months corrected gestational age.  

As discussed previously Roggero et al (2012b) performed a longitudinal study of appropriate 

for gestational age preterm infants receiving post-discharge preterm formula. Infants were 

grouped into growth restricted at term and appropriate for gestational age at term. The 

groups were then followed until 5 months corrected gestational age. While the growth 

restricted infants remained lighter and less adipose at one, two and three months corrected 

gestational age, by four and five months body weight and percentage body fat (26%) were 

similar between the groups. Energy and protein intake during early infancy were similar in 

both groups.  

A subset of the  study described above had body composition measured and described in 

terms of protein intake until 3 months corrected gestational  age (2008b). Mean body fat 

percentage at three months corrected gestational age was 23.6%(6.1).  Infants that consumed 

higher protein intake post discharge (>3g/kg/d) resulted in higher lean body mass acquisition. 

Roggero’s group (2011) also examined the recovery of fat mass in preterm infants who have 

been born small for gestational age. 207 infants <1500g were enrolled in the study from Jan 

2007 – Jun 2009, of which 195 were prospectively monitored.  Infants who were breast fed 

after term were not included. Infants were classified as either appropriate for gestational age 

or small for gestational age at birth according to Fenton’s chart. Gestation was confirmed with 

first trimester ultrasound. At term, infants were further subdivided into growth restricted or 

not according to Euro-growth study group. Infants <2 SD at term were defined as growth 
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restricted. Therefore infants were analysed in 3 groups: SGA (n=78), GR+ (n=64), GR-(n=53). 

Measurements were performed using air displacement plethysmography at term, three and 

five months corrected gestational age. The feeding protocol in the NICU at the time was to 

feed the infants on parenteral nutrition with minimal enteral feeds for a period of two weeks, 

thereafter infants were fed on fortified maternal breast milk or preterm formula. Parents were 

asked to document daily intakes of milk in a food diary after discharge.  Mean gestational age 

was 30.2(2.3) and birth weight 1190(284). When assessing for weight, SGA infants remained 

lighter at all study points; term, 3 and 5 months corrected. The infants who were born 

appropriate for gestational age, but were growth restricted term were not significantly lighter 

than the non-growth restricted at term group by the time they reached 5 months corrected 

gestational age. Length at term was significantly different between all three groups; however 

this was not apparent at 5 months corrected age.  When comparing body composition 

between the groups, both small for gestational age infants and growth restricted at term 

infants had similar percentage body fat when they were measured at term. Appropriate for 

gestational age infants had higher percentage body fat at term corrected age at close to 20%. 

By three months corrected and five months corrected, there was no apparent difference 

between the groups, with a body fat percentage of 25%, which would be similar to term infant 

body composition at five months of age.  

Roggero’s group (2012b) compared growth and body composition in preterm infants fed either 

term formula or post-discharge formula upon discharge from hospital.  This was the first 

randomized controlled trial published in literature using air displacement plethysmography. All 

infants recruited were <32 weeks and/or<1500g at birth. Sample size was calculated as 40 per 

group. Intervention was stratified into appropriate and small for gestational age infants. 

Infants were fed on demand. Infants were measured at term, 1, 3 and 6 months corrected 

gestational age. 211 infants were enrolled, 126 appropriate for gestational age and 85 small 

for gestational age. Of the 126 infants in the AGA group 59 received the enriched formula and 
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64 received the term formula. Of the 85 SGA infants 41 received enriched formula and 43 

received term formula. Head circumference was higher at 12 months in the AGA group fed 

enriched formula. SGA infants remained lighter, shorter and with a smaller head circumference 

than their AGA counterparts. AGA infants fed term formula had higher body fat mass 

percentage (26%) at 6 months of age.  AGA infants fed nutrient enriched formula, as well as 

SGA infants in both formula groups had a body fat percentage of 22-24% at 6 months 

corrected gestational age. 

Cooke et al (2010) used DXA scanning to observe the effect of giving nutrient-enriched formula 

to preterm infants on their body composition up to one year corrected gestational age. 

Preterm infants born <34 weeks and <1750g were eligible for randomization. There were four 

groups. Group A (n=56) was fed a preterm infant formula between term and six months 

corrected gestational age. Group B (n=57) was fed a standard term formula between discharge 

and six months corrected gestational age. Group C (n=26) was fed a preterm formula until 

term and then fed on term formula until 6 months corrected gestational age. Group D (n=25) 

was a reference group of infants receiving breast milk. The preterm formula contained 

80kcal/100ml and 2.2g/100ml protein compared with 66 kcal/100ml and 1.4g/100ml protein. 

While infants fed the preterm formula were heavier than those receiving term milk or breast 

milk at 6 and 12 months corrected gestational age, they did not have higher body fat 

percentage. Neither did they have excess adipose tissue centrally.  

While evidence of aberrant body composition has been shown in preterm infants in infancy, 

there is less convincing evidence of this in older childhood or adulthood. Huke et al (2013) 

demonstrated that while ex-preterm children (n=116) aged 5-7 were shorter and lighter than 

term-born controls (n=120), they had similar body fat mass and percentage intra-abdominal 

adipose tissue as measured by bioimpedance and MRI respectively. Preterm girls (born <35 

weeks) who received formula modified with long-chain polyunsaturated fatty acids had 
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increased adiposity (as measured by body mass index and skin fold thickness) when compared 

with controls at 10 years of age (Kennedy et al 2010). This effect was not apparent in boys.  A 

prospective study of preterm and term infants used air displacement plethysmography at term 

and 5 years to measure body composition (Gianni et al 2015). They reported that preterm 

infants remain lighter than term born infants and that former preterm male infants had 

reduced fat free mass aged 5 when compared with term-born controls.   

In addition to its influence on body composition, preterm birth has also been shown to 

adversely affect cardiovascular risk in children and adults. Vasylyeva et al (2011) performed a 

retrospective chart review of 160 children who had been born <37 weeks or <2.5kg and had at 

least three blood pressure records documented prior to their 15th birthday. They found that 

22% of their cohort had developed hypertension by 15 years, with an increased risk in 

individuals with increased body mass index.  This effect seems to be related to preterm birth 

rather than just small for gestational age individuals. Rossi et al measured blood pressure and 

arterial stiffness in adolescents who were born appropriate for gestational age at term (n=41), 

who were born small for gestational age at term (n=24) and who were born appropriate for 

gestational age but preterm (n=25).  The preterm group was found to have higher systolic and 

diastolic blood pressure, as well as higher carotid-radial pulse wave velocity than the term 

born children. Observational studies in the Netherlands (Kerkof et al 2012) reveal that 

gestational age was inversely associated with systolic blood pressure, pulse pressure, blood 

pressure variability and heart rate and positively associated with diastolic blood pressure when 

adjusted for confounders. Carotid-femoral pulse wave velocity and carotid intima media 

thickness were also measured, but an association was not found with gestational age in this 

study. The Cardiovascular Risk in Young Finns Study (Skilton et al 2011) includes data on 

carotid intima media thickness, blood pressure, cholesterol, triglycerides and C-reactive 

protein in adults aged 24-45 years. Three separate groups are considered: Individuals born 

<10th centile (n=207), individuals born <37 weeks (average gestation 33.5 weeks, n=253) and 
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control individuals born at term between 50th and 90th centiles (n=835).  Individuals born 

preterm had higher intima media thickness than term born controls, however this was 

restricted to those who were small for gestational age. Other studies, however have linked 

increased birth weight with increased carotid intima-media thickness at 11 years of age 

(Dravta et al 2013). Ex-preterm adults have also been shown to have decreased insulin 

sensitivity (Pilgaard et al 2010). 

There is evidence that preterm birth affects the epigenetics of the individual. Environmental 

factors relevant to preterm birth, such as nutrition, temperature change, toxins and 

hypoxia/hyperoxia can alter gene expression. Cruickshank et al (2013) recruited 12 preterm 

infants born less than 31 weeks completed weeks gestation and 12 term controls. They 

provided dried blood spots at birth and eighteen years of age from which DNA was extracted. 

While there were widespread methylation differences between extreme preterm and term 

infants at birth, these were largely resolved by eighteen years of age, however some 

differences did persist into adulthood confirming a legacy of preterm birth.  

To what extent is growth, adiposity, cardiovascular risk and impaired glucose tolerance part of 

the same pathogenic pathway? 
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Chapter 2 Methodology 

2.1 Design of the study and theoretical framework 

This study was a prospective longitudinal study of body composition in both term and preterm 

infants in the Coombe Women and Infants University Hospital, Dublin. Patients were recruited 

from September 2012 to February 2014. All infant anthropometry and body composition 

measurements were performed by me on site.  

2.1.1 Patient characteristics  

2.1.1.1 Term infants 

Approximately 8500 women deliver in the Coombe Women and Infants University Hospital 

(CWIUH), Dublin. As part of ongoing research of maternal body composition in CWIUH, 

approximately 1000 Caucasian women, carrying a singleton fetus, with gestation confirmed by 

ultrasound were recruited at their booking visit to have serial body composition and 

ultrasound screening measurements performed. This data forms the basis of MD theses of my 

colleagues, Dr. Clare O’Connor and Dr. Amy O’Higgins. Approximately 5% pregnant women in 

our population develop gestational diabetes, however because Dr. O’Connor specifically 

recruited some women with this diagnosis, a higher percentage of recruited women were 

diabetic when compared with the population norm. Women were asked if they smoked during 

their pregnancy. A smoking rate of 13.5% was reported for CWIUH in 2012. A convenience 

sample of infants born to these women between 37-42 weeks gestation were recruited as 

control subjects. After delivery the women were approached for consent to extend their 

involvement in the study. Mothers had to have an adequate standard of spoken English. If they 

agreed, infant measurements were performed within 72 hours of birth. Infants were excluded 

if they could not be measured within 72 hours of birth, if they had a congenital or 

chromosomal abnormality or if they had circulatory or respiratory needs outside of the first 
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forty eight hours of life. Some infants were not measured at birth because of early discharge 

home or because I was unavailable within 72 hours of birth. Some parents declined 

measurement at birth but were willing to have measurement performed when their baby was 

older. Infants who were not measured at birth were eligible for inclusion at four months.  For 

the four month visit, a written appointment was posted. This was followed up by a phone call 

to confirm availability or to arrange a more suitable time.  If they did not attend, a follow up 

phone call was made to enquire if they wished to rearrange the appointment. The women had 

follow-up body composition measurements performed, as well as dietary assessment with 

food frequency questionnaires at 4 months post-partum. This data was collected by Ms. Laura 

Mullaney (PhD student in Nutrition and Dietetics). A summary is provided in Table 1.  

Term infants  

Inclusion criteria  37-42 weeks 

 Informed consent 

 Measurement performed within 72 
hours of birth 
 

Exclusion criteria  Presence of congenital anomalies 

 Unstable cardiovascular/respiratory 
system 
 

Timing of 
measurements 

 <72 hours after birth 

 4 months of age 
 

Table 1. A summary of inclusion and exclusion criteria and timing of measurements for term 
infants  

2.1.1.2 Preterm infants  

Preterm infants who were born less than 37 completed weeks of gestation AND who were 

admitted to the neonatal unit were eligible for recruitment. It is important to note that unlike 

the term born infants, all ethnicities and multiple gestations were eligible for recruitment. 

Infants were measured at approximately 35 weeks CGA (if applicable), term corrected age 

(TCA), 6 weeks CGA and 4 months CGA. Infants were excluded if they were never admitted to 

the neonatal unit, if they were transferred to another hospital or if they required respiratory 
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support at 35 weeks CGA or TCA. One infant who was diagnosed with Prader Willi syndrome 

was not included in analysis. Infants who were followed up by paediatricians in other hospitals 

or who were discharged from neonatal follow up were not invited for further measurements. 

This had been agreed in the ethics proposal in order to reduce the family burden of hospital 

appointments and similarly only scheduled hospital follow-up visits were availed of for study 

appointments. Families were reminded of their visit by phone call or text message. A summary 

is provided in Table 2.  

Preterm infants  

Inclusion criteria  <37 weeks at birth 

 Admitted to the neonatal unit 

 Informed consent 
 

Exclusion criteria  Presence of congenital anomalies 

 Unstable cardiovascular/respiratory 
system 

 Transferred to other hospital 

 Follow up in other hospital 

 Discharged from neonatal follow up 
 

Timing of 
measurements 

 35 weeks CGA 

 TCA 

 6 weeks CGA 

 4 months CGA 
 

Table 2. A summary of inclusion and exclusion criteria and timing of measurements for 
preterm infants 

2.1.2 Research methods 

2.1.2.1 Anthropometry 

All measurements were performed by me. Infants were weighed on the SECA scales and it was 

recorded in kilograms to two decimal places. Weight was plotted on the appropriate gender 

specific UK-WHO Neonatal and Close Monitoring Growth chart. At birth infants were 

designated small for gestational age if they plotted on or below the 9th centile for their 

gestation at birth. Infants were designated large for gestational age if they plotted on or above 



 

90 
 

the 91st centile for their gestation. Preterm infants (<37 weeks) were plotted on gender 

specific UK-WHO Neonatal and Close Monitoring Growth chart in accordance with their 

corrected gestational age from birth to 4 months CGA. Term infants were plotted as per their 

chronological age from birth to 4 months of age.  

 Recumbent length was measured in a supine position on a SECA modified length board and 

recorded to the nearest millimeter.  Occipito-frontal circumference was performed using a 

single use, non-distensible paper measuring tape and recorded to the nearest millimeter.  

Mid-arm circumference (MAC) was measured on the infant’s left side at the mid-point 

between the acromion process and the olecranon. This was measured with the paper 

measuring tape and marked. Mid-thigh circumference (MTC) was measured on the infant’s left 

side at the midpoint between the proximal border of the patella and the anterior superior iliac 

spine. Similarly this was measured and marked. The chest was measured immediately below 

the level of the nipples. The abdomen was measured immediately above the level of the 

umbilicus. These measurements were all performed with a paper disposable measuring tape 

and recorded to the nearest millimeter and summarised below in Table 3.  

Anthropometry  

Weight In kg to 2 decimal places 

Length In cm to nearest mm 

OFC In cm to nearest mm 

Chest In cm below nipples 

Abdomen In cm below umbilicus 

Mid-arm circumference In cm mid-point acromion 
process and olecranon 

Mid-thigh circumference In cm mid-point patella and 
anterior superior iliac spine 
 

Table 3. Summary of anthropometric measurements 
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2.1.2.2 Air displacement plethysmography 

Air displacement plethysmography measures the weight and volume of the individual. From 

this the density is calculated. The mass of the infant is measured to 0.001kg prior to volume 

measurement. 

Density = Mass/Volume 

Once the density is known, fat mass and fat free mass is calculated in the following way: 

Mass/Density = Fat mass/Fat density + Fat free mass/Fat free mass density 

%Fat = (Fat mass/Body Mass) x 100 

The Fomon (Fomon et al 2002) fat free mass model is used as reference data for fat free mass 

density in infants.  

In air displacement plethysmography, the volume of air that the infant displaces by being in a 

closed chamber is measured. Body volume is calculated indirectly by subtracting the volume of 

air remaining inside the chamber when the infant is inside from the volume of air in the 

chamber when it is empty.  

Boyle’s Law and Poisson’s Law are used to calculate the air inside the chamber. Boyle’s Law 

states that at constant temperature, volume and pressure are inversely related, where 

pressure 1 and volume 1 are pressure and volume at an initial condition and pressure 2 and 

volume 2 are pressure and volume at a final condition. 

Pressure 1/Pressure 2 = Volume 2/Volume 1 

When temperature is constant, Boyle’s Law can be applied. However this would mean that 

temperature conditions in the test room would need to be strictly controlled, which would be 

impractical. When air is allowed to change temperature, Poisson’s Law can be applied.  



 

92 
 

Pressure 1/Pressure 2 = (Volume 2/Volume 1)▫  

(▫ is 1.4 for air) 

To measure volume, the infant lies in a sliding tray and is placed inside the test chamber. The 

temperature inside the chamber is heated to 30⁰C, there is continuous air flow and the carbon 

dioxide level is monitored. The test chamber is connected to a reference chamber of known 

volume through a diaphragm. During the measurement, the diaphragm oscillates and thus 

determines sinusoidal volume changes that are equal in magnitude but opposite in sign in the 

two chambers. From the changes in pressure in the two chambers provoked by these small 

volume changes it is possible to measure the volume of the infant (using the gas laws as 

previously described).  

To allow for precise measurement of air, the infant’s hair has to be smoothed down and body 

surface area and volume of air in the lungs has to be accounted for. Surface area artefact is 

calculated by multiplication of body surface area (calculated from body weight and length by 

means of the Boyd formula) by a constant k derived by testing aluminium sheets with known 

volumes and areas. This constant was derived so that the result of its multiplication by the 

surface area of the object being tested would equal the difference between the volume 

measured by the system and the object’s actual volume (a negative value). 

Lung volume is calculated as functional residual capacity plus half the tidal volume. Functional 

residual capacity in infants is calculated as follows: 

Functional residual capacity (ml) = 2.36 x length (cm)⁰∙⁷⁵ x Weight (kg)⁰∙⁶³ 

The body volume is then calculated as follows: 

Body volume = measured body volume – surface area artefact + 40%lung volume 
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All infants in the study had their body composition measured using the PEA POD (Cosmed, 

Italy). The machine is suitable for use for infants up to 8kg in weight. Weight measurement 

takes less than 20 seconds and volume measurement takes 90 seconds. It is not a requirement 

that the infant be still during measurement, therefore infants were not sedated for the 

procedure. The machine was calibrated for volume measurements daily and weight 

measurement weekly or if the machine had to be moved for any reason. Infants had their hair 

smoothed down prior to measurement. At birth, all infants had umbilical cord clamp, two 

identification bands and an electronic tag attached. Replica items including an intravenous 

cannula (if present) were measured in the PEA POD during initial volume calibration and 

removed prior to infant measurement. At other measurement time points, if a dummy or 

pacifier was used, this was accounted for during volume calibration.  

Infant weight and infant body fat percentage were reported throughout. Infant body fat 

percentage has been selected because it expresses fat mass as a proportion of total weight 

and makes the data more comparable for infants of varying weights. It is important to 

remember that if body fat percentage is higher, there is a concomitant reduction in fat free 

mass percentage. Fat mass and fat free mass data was reported in the tables in kilograms.  

2.1.2.3 Maternal Body Mass Index 

As part of routine antenatal care, all women booking in CWIUH have their height and weight 

measured and body mass index (BMI) calculated. Measurements performed prior to 14 weeks 

were recorded. Self-reported maternal measurements were not used. 

2.1.2.4 Mode of feeding 

Mode of feeding was recorded at each time point. As discussed in the introduction, describing 

infant feeding can be complicated. For the purposes of the study, both term and preterm 

infants were documented as receiving exclusive breast milk, exclusive formula milk or mixed 
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feeding (both breast and formula milk. Receipt of breast milk could be via breast or bottle 

feeding. For inpatients feeding data was recorded from the medical record. For subsequent 

measurements for both term and preterm infants mode of feeding was recorded by parental 

report.  At four months parents were asked if solids had been introduced.  

During the study it was practice within the neonatal unit in CWIUH to commence parenteral 

nutrition immediately after birth for infants born <32 weeks gestation. Some more mature 

infants also received parenteral nutrition if unwell or growth restricted. Feeding practice policy 

within the neonatal unit encouraged all mothers to provide breast milk for their infant. Infants 

less than 28 weeks gestation or infants with risk factors such as absent or reversed end 

diastolic flow received donor breast milk if maternal breast milk was unavailable within twenty 

four hours of birth. If there had been absent or reversed end diastolic flow, the infant was 

given trophic feeds at 20ml/kg per day for three days. Milk was then increased by 20- 30 

ml/kg/day. In the absence of risk factors for infants born <32 weeks gestation, the 

recommended feeding increments were 20-30ml/kg per day. Breast milk fortifier was added 

when feeds reach 150ml/kg per day. If an infant was born greater than 28 weeks gestation and 

there were no risk factors and if maternal breast milk is unavailable, preterm formula was 

commenced and increased by 30ml/kg per day. 

2.2 Methodology of literature search 

A literature search was performed using PubMed, CINAHL and Cochrane medical databases. 

Reference lists in retrieved articles were also checked for suitable articles. A number of 

electronic theses were also sourced. A search of protocols and guidelines was also performed. 

Search terms included ‘body composition measurement’, ‘infant body fat’, ‘intra-uterine fat 

accretion’, ‘body composition, term infant’, body composition, preterm infant’, ‘maternal body 

mass index’, ‘maternal diabetes’, ‘maternal smoking’, ‘air-displacement plethysmography’, 

‘PEA POD’. The list of published articles on the manufacturer’s website was also consulted to 
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ensure that all articles, lectures and abstracts relating to the PEA POD were reviewed.  621 

articles were identified and 189 were included in the literature review. The literature search 

was up to date as of 1st May 2015. 

In the literature review, methods of measuring body composition were described, followed by 

a review of what is known about the body composition of the term baby in the neonatal 

period and throughout infancy. The effect of maternal overweight and obesity, smoking and 

diabetes on neonatal body composition was reviewed. Preterm nutrition, growth and body 

composition was then reviewed, along with what is known about the body composition of the 

preterm infants as well as a comparison between the body composition of term and preterm 

infants.   

2.3 Statistical Methods 

Data were analysed using IBM SPSS Statistics 21. Statistical advice was sought from Dr. Vicki 

Livingstone, Statistician, University College Cork. Infant weight and body fat percentage were 

the dependent variables. Normality of data was measured by the Kolmogorov-Smirnov test. 

Data with a normal distribution were expressed as mean and standard deviation. Data with a 

normal distribution were analysed using Student t-test (for two groups) or ANOVA (for more 

than two groups). ANOVA was used to explore the differences in feeding groups (exclusive 

breast, exclusive formula and mixed feeding) and the difference between AGA, SGA and LGA 

infants. If ANOVA yielded a p value <0.05, then Bonferroni was used for pairwise comparison. 

This test was selected because it adjusts for multiple comparisons by multiplying the number 

of pairwise comparisons.  

Univariate analysis was performed by simple linear regression on the independent variables. 

The dependent variables were infant weight and infant body fat percentage. Data were tested 

for linearity with the distribution of the residual satisfying normality assumptions (±3 standard 

deviations). Independence of data was confirmed by Durbin-Watson of approximately 2.0. 
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Variables were included in multivariate analysis if the p value in univariate analysis was <0.25 

(Hosmer et al 2013). The authors suggested this number because the traditional p value of 

0.05 may be too low to include all significant variables in multivariate analysis and a value 

>0.25 may include variables unnecessarily.  Multivariate analysis was performed using 

simultaneous multiple linear regression. Independence of variables was ensured by Durbin-

Watson of approximately 2.0. A tolerance of >0.6 would be recommended but >0.4 was 

accepted to ensure there was no evidence of multicollinearity (Chan 2004).   

2.4 Ethics  

Research ethics approval for both studies of preterm and term infants was sought and 

approved by the Research Ethics Committee in the Coombe Women and Infants Hospital. 

Written informed parental consent was obtained prior to enrollment into study. Only infants 

whose parents could communicate in English were recruited for the study. Parents were given 

as much time as they needed to consider their involvement in the study, usually 24 hours.  
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Chapter 3 Results 

3.1 Term infants  

3.1.1 Baseline characteristics 

Data is available for six hundred and fifty two term infants. Body composition was measured in 

three hundred and seventy four infants within seventy two hours after delivery. Four hundred 

and sixty infants were seen at four months of age, of these two hundred and forty eight had a 

successful body composition measurement performed. One hundred and eighty two infants 

were measured at both time points and one hundred and six had a body composition 

measurement performed at birth and four months of age. This is summarised in Table 6 below.  

 Birth (<72 hours) 4 months old Both birth and 4 
months 

Anthropometry 

only 

Anthropometry and 
Body composition 

 

0 

374 

212 

248 

76 

106 

Total 374 460 182 

Table 6. Number of term infants recruited at birth and 4 months of age 

3.1.2 Term infants at birth 

3.1.3 Maternal characteristics of term infants  

Table 7 below summarises the maternal characteristics of the 374 term infants who were 

measured within 72 hours of life. 
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Maternal characteristics Mean Standard deviation 

Maternal age (yrs) 

Maternal body mass index (BMI)  

Maternal smoking (n, %) 

Maternal gestational diabetes (n, %) 

29.4 

26.3 

54 (14.4%) 

34 (9%) 

5.2 

5.7 

n/a 

n/a 

Table 7. Maternal characteristics of term infants (37-42 weeks) measured <72 hours.  

Maternal age, BMI and smoking rates were representative of the general population of women 

delivering their infants at the CWIUH. The rate of gestational diabetes was slightly higher than 

that expected (6.6% in CWIUH in 2012). This was attributable to the fact that Dr. O’Connor 

specifically recruited some women with gestational diabetes to her study.  
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3.1.4 Neonatal anthropometry and body composition 

Table 8 below describes the birth characteristics, body composition and anthropometry for the 

374 term infants measured within 72 hours of birth.  

n=374 Mean Standard deviation 

Birth characteristics 
 

Gestation at birth (wks) 
Birth weight (kg) 
OFC(cm) 
Ponderal Index (weight/length³) 
 

 
 

39.9 
3.53 
34.9 
27.9 

 
 

1.2 
0.48 
1.3 
2.2 

Anthropometry 
 

Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 
 

 
 

50.1 
33.7 
33.2 
10.8 
15.0 

 
 

2.0 
1.8 
2.1 
1.0 
1.5 

Body composition 

Gestation at measurement (wks) 
Weight at measurement (kg) 
Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 
 

 
 

40.1 
3.38 

0.373 
3.020 
10.6 
89.4 

 
 

1.2 
0.50 

0.186 
0.368 

4.5 
4.5 

Table 8. Baseline characteristics, anthropometry and body composition data for term infants 
(37-42 weeks) at birth.  

Mean gestation, birth weight, length and OFC were representative of the CWIUH population. 

Mean body fat percentage was 10.6% and fat free mass percentage was 89.4%.  

3.1.5 Gender differences in neonatal anthropometry and body fat percentage  

In table 9 below baseline characteristics, anthropometry and body composition results are 

compared for male and female infants. Data were analysed by Students t-test and is expressed 

as mean and standard deviation in the table.  
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n=374 Female 

n=189 

Male 

n=185 

p value 

Maternal characteristics (mean, SD) 
 

Maternal age (yrs) 
Maternal BMI (kg/m²) 
Maternal smoking (n,%) 
GDM (n,%) 

 

 
 

29.6 (5.0) 
26.1 (5.3) 
28(14.8%) 
18 (10%) 

 
 

29.1 (5.3) 
26.5 (6.0) 

26 (14.1%) 
16 (9%) 

 
 

0.35 
0.47 
0.88 
0.77 

 

Birth characteristics (mean, SD) 
 

Gestation at birth (wks) 
Birth weight (kg) 
OFC(cm) 
Ponderal Index (weight/length³) 

 

 
 

39.9 (1.2) 
3.43 (0.44) 
34.5 (1.2) 
28.1 (2.3) 

 

 
 

39.9 (1.2) 
3.62 (0.50) 
35.3 (1.3) 
27.7 (2.2) 

 
 

0.69 
<0.001 
<0.001 

0.13 

Anthropometry (mean, SD) 
 

Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 

 

 
 

49.6 (1.8) 
33.4 (1.7) 
33.1 (2.1) 
10.7 (1.0) 
15.0 (1.4) 

 
 

50.7 (2.0) 
34.0 (1.8) 
33.4 (2.1) 
10.9 (1.0) 
15.1 (1.6) 

 
 

<0.001 
0.005 
0.15 
0.09 
0.29 

Body composition (mean, SD) 

Gestation at measurement 
(wks) 
Weight at measurement (kg) 
Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 

 

 
 

40.1 (1.2) 
3.28 (0.49) 

0.393 (0.184) 
2.911 (0.331) 

11.5 (4.5) 
88.5 (4.5) 

 
 

40.0 (1.3) 
3.48 (0.49) 

0.353 (0.188) 
3.130 (0.373) 

9.8 (4.3) 
90.2 (4.3) 

 
 

0.77 
<0.001 

0.04 
<0.001 
<0.001 
<0.001 

Table 9. Gender differences in anthropometry and body composition in term infants (37-42 
weeks) within 72 hours of birth 

As expected, male infants were heavier and longer at birth than female infants. They had less 

fat mass and higher fat free mass than female infants. Their body fat percentage was lower 

than that of female infants. 
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3.1.6 The effect of feeding on neonatal body fat percentage 

Table 11below describes the influence of feeding on neonatal body fat percentage. As 

described in the methods, infants were classified as receiving exclusive breast milk (Group 1), 

exclusive formula milk (Group 2) or mixed feeding (i.e. both breast and formula milk, Group 3). 

Feeding data were unavailable for 11 infants. 

n=363 
 

(mean, SD) 
 

Group 1 
 

n=146 

Group 2  
 

n=186 

Group 3 
 

n=31 

p value 

Birth weight (kg) 

Weight at measurement (kg) 
 

Body fat % 

3.56 (0.45) 

3.36 (0.51) 

9.6 (4.4) 

3.51 (0.49) 

3.41 (0.49) 

11.6 (4.4) 

3.37 (0.50) 

3.22 (0.47) 

10.3 (4.4) 

0.115 

0.138 

1 vs 2 

<0.001 

Table 10. Influence of feeding on weight and body composition in term infants (37-42 weeks) 
<72 hours 

40% of infants were receiving breast milk exclusively, with a total of 48.8% receiving some 

breast milk. Mean weight loss between birth and body composition measurement was 200g in 

exclusively breast fed infants, 100g in formula fed infants and 150g in infants receiving both 

breast and formula. Birth weight tended to be lower in infants who received mixed feeds but 

this was not significant. There was a difference in percentage body fat between infants who 

were receiving breast milk only and formula milk only (p<0.001). 
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3.1.7 A comparison of birth weight and body fat percentage in SGA, AGA and LGA infants 

Table 11 describes the difference in weight and body fat percentage in infants born AGA 

compared with SGA and LGA infants. 

n=374 
(mean, SD) 

 

SGA 
n=25 

AGA 
n=311 

LGA 
n=38 

p value 

Birth weight (kg) 

Weight at measurement (kg) 

Body fat % 

2.75 (0.31) 

2.64 (0.32) 

6.5 (3.5) 

3.49 (0.37) 

3.35 (0.41) 

10.3 (4.1) 

4.32 (0.25) 

4.13 (0.27) 

15.6 (4.1) 

<0.001 

<0.001 

<0.001 

Table 11. A comparison of AGA term infants (37-42 weeks) with SGA and LGA infants.  

All three groups of infants differ from each other in terms of weight and body fat percentage in 

the first 72 hours after birth. 

3.1.8 The relationship between birth weight and neonatal body fat percentage 

Figure 9 is a graph of body fat percentage according to gender specific centile groups. As can 

be seen from Figure 9, body fat percentage decreases as birth weight centile group decreases, 

however significant overlap exists between the centile groups. 

Figure 10 is a graph of birth weight against gestation and gender specific body fat centile 

groups (Hawkes et al 2011). Infants were assigned a body fat centile group according to 

published data from the Baseline Study. It can be seen from Figure 10 that birth weight and 

body fat centile group are not directly related and that significant overlap exists between the 

groups.  
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Figure 9. Body fat percentage in relation to gender specific centile groups in term infants (37-
42 weeks) within 72 hours of birth 

 

 

 

 

 

 

 

 

Group 1: >75th centile 

Group 2: >50th -75th centile 

Group 3: ≥25th – 50th centile 

Group 4: <25th centile 
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Figure 10.Birth weight in relation to gestation and gender specific body fat percentage 
centile groups in term infants (37-42 weeks) within 72 hours of birth 

 

 

 

 

 

 

 

3.1.9 Univariate analysis of factors affecting birth weight 

Group 1: >75th centile 

Group 2: >50th -75th centile 

Group 3: ≥25th – 50th centile 

Group 4: <25th centile 



 

105 
 

Univariate analysis using simple linear regression of maternal and infant factors influencing 

birth weight is summarised in Table 12 below. 

 Pearson’s 
Coefficient 

 

R  
squared 

ß 
coefficient 

 
95% CI 

 
p value 

Maternal factors 
 

BMI 
Age 
Smoking 
GDM 
 

 
 

0.129 
0.121 
0.171 
0.139 

 
 

0.017 
0.015 
0.029 
0.007 

 
 

0.011 
0.011 
-0.228 
0.139 

 
 

0.002 to 0.020 
0.002 to 0.021 

-0.361 to -0.094 
-0.031 to 0.309 

 

 
 

0.012 
0.020 

<0.001 
0.108 

Infant factors 
 

Gestation 
Gender 

 
 

0.171 
-0.189 

 
 

0.193 
0.039 

 
 

0.171 
-0.189  

 
 

0.136 to 0.207 
-0.285 to -0.093 

 
 

<0.001 
<0.001 

 

Table 12. Univariate analysis of maternal and infant factors affecting birth weight in term 
infants. 

Maternal BMI, age and smoking status all had a significant influence on infant birth weight. 

Longer gestations resulted in higher birth weight. Female gender resulted in lower birth 

weight.  

 

 

 

 

 

 

 

3.1.10 Multivariate analysis of factors affecting birth weight 
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Table 13 shows multivariate analysis using simultaneous multiple linear regression of factors 

effecting birth weight.  

 ß coefficient 95% CI p value Tolerance 

Maternal factors 
 

BMI 
Age 
Smoking 
GDM 
 

 
 

 0.014 
 0.009 
-0.160 
 0.179 

 
 

0.006 to 0.022 
0.001 to 0.017 

-0.276 to -0.045 
0.023 to 0.334 

 
 

0.001 
0.029 
0.006 
0.024 

 
 

0.827 
0.938 
0.963 
0.837 

 

Infant factors 
 

Gestation 
Gender 
 

 
 

 0.190 
-0.179 

 
 

0.156 to 0.224 
-0.261 to -0.097 

 
 

<0.001 
<0.001 

 
 

0.937 
0.994 

Table 13. Multivariate analysis of maternal and infant factors affecting birth weight in term 
infants. 

The multiple regression model described in table 13 accounts for 31.4% of the variance in birth 

weight in term infants (p<0.001).  

 

 

 

 

 

 

 

 

3.1.11 Univariate analysis of factors affecting neonatal body fat percentage  
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Univariate analysis using simple linear regression of maternal and infant factors influencing 

neonatal body fat percentage is summarised in Table 14 below. 

 Pearson’s 
Coefficient 

 

R  
squared 

ß 
coefficient 

95% CI p value 

Maternal factors 
 

BMI 
Age 
Smoking 
GDM 
 

 
 

0.307 
0.075 
0.079 
0.154 

 
 

0.095 
0.006 
0.006 
0.024 

 
 

0.245 
0.066 
-0.979 
2.414 

 
 

0.168 to 0.322 
-0.023 to 0.155 
-2.245 to 0.286 
0.836 to 3.991 

 

 
 

<0.001 
0.148 
0.129 
0.003 

Infant factors 
 

Gestation 
Gender 
Bwt 
Breast milk 
 

 
 

0.171 
-0.189 
0.513 
0.211 

 
 

0.193 
0.039 
0.263 
0.045 

 
 

0.231 
1.694 
4.804 
-1.900 

 
 

-0.141 to 0.602 
0.792 to 2.295 
3.984 to 5.623 

-2.210 to -0.990 

 
 

0.223 
<0.001 
<0.001 
<0.001 

Table 14. Univariate analysis of maternal and infant factors affecting neonatal body fat 
percentage in term infants. 

Univariate analysis demonstrates an increase in neonatal body fat percentage associated with 

maternal BMI and gestational diabetes. Female infants have higher body fat than male infants 

and heavier infants also have higher body fat percentage.  Infants who were breast feeding 

had lower neonatal body fat percentage.  

 

 

 

 

 

 

3.1.12 Multivariate analysis of factors affecting neonatal body fat percentage 
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Table 15 below is the multivariate analysis using simultaneous multiple linear regression of 

maternal and infant factors affecting neonatal body fat percentage. 

 ß coefficient 95% CI p value Tolerance 

Maternal factors 
 

BMI 
Age 
Smoking 
GDM 
 

 
 

 0.152 
 -0.010 
-0.250 
 -0.222 

 
 

0.080 to 0.224 
-0.082 to 0.062 
-1.299 to 0.800 
-1.568 to 1.125 

 
 

<0.001 
0.787 
0.640 
0.746 

 
 

0.748 
0.859 
0.891 
0.826 

 

Infant factors 
 

Gestation 
Gender 
Bwt 
Breast 
feeding 
 

 
 

-0.559 
 2.702 
 5.797 
-1.458  

 
 

-0.893 to -0.225 
1.987 to 3.416 
4.920 to 6.674 

-2.212 to -0.704 

 
 

0.001 
<0.001 
<0.001 
<0.001 

 
 

0.704 
0.944 
0.682 
0.848 

Table 15. Multivariate analysis of maternal and infant factors affecting neonatal body fat 
percentage in term infants. 

In multivariate analysis, the only maternal factor which remained significant was BMI. Infant 

gestation, gender, birth weight and breast feeding were all significant. The regression model 

described above accounted for 45.5% of the variance in neonatal body fat percentage 

(p<0.001).  

3.1.13 Anthropometric predictors of neonatal body fat percentage 

As has been shown above, gestation and gender significantly affected neonatal body fat 

percentage. Univariate analysis demonstrated head circumference (p<0.001), length (p<0.001), 

chest circumference (p<0.001), abdominal circumference (p<0.001), mid arm circumference 

(p<0.001) and mid-thigh circumference (p<0.001) were significant predictors of neonatal body 

fat percentage.  

Table 16 below demonstrates multivariate analysis of anthropometric predictors of neonatal 

body fat percentage. 
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Variable ß 95% Confidence Interval p value 
 

Gender 
 

Gestation 
 

OFC 
 

Length 
 

Chest circumference 
 

Abdo circumference 
 

MAC 
 

MTC 
 

2.053 
 

-0.594 
 

0.009 
 

0.064 
 

0.168 
 

0.471 
 

0.330 
 

1.007 

1.275 to 2.831 
 

-0.932 to -0.257 
 

-0.409 to 0.427 
 

-0.236 to 0.364 
 

- 0.280 to 0.617 
 

0.139 to 0.804 
 

- 0.267 to 0.928 
 

0.624 to 1.391 

0.001 
 

<0.001 
 

0.966 
 

0.674 
 

0.461 
 

0.006 
 

0.278 
 

<0.001 

Table 16.Multiple regression of anthropometric factors affecting neonatal body fat 
percentage 

Simultaneous multiple regression including the following independent variables: gender, 

gestation, head circumference, length, chest circumference, abdominal circumference, mid 

arm circumference and mid-thigh circumference demonstrated a strong, positive association 

between these variables and neonatal percentage body fat (r² = 0.414, p<0.001). However in 

this model, only gestation, gender, abdominal circumference and mid-thigh circumference 

were significant, alone accounting for 40.1% of the variability in neonatal body fat percentage 

(p<0.001). 

3.2 Term infants at four months 

3.2.1 Baseline characteristics  

Of the total dataset of six hundred and fifty two term infants, data were available for four 

hundred and sixty infants at four months of age. Of these infants two hundred and forty eight 

infants had body composition measurements performed. One hundred and eighty two infants 

were measured at both time points and one hundred and six had a body composition 

measurement performed at birth and four months of age. 
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Reasons why babies did not have body composition measurements performed are summarised 

in the table below (Table 17). Of note, 75 infants were too heavy or too long to fit in the PEA 

POD and 100 infants did not tolerate the measurement. Of the infants that were measured at 

four months (n=460), this number represented 38% of the cohort.  

Summary of cases (n=652) 
 

n (%) 

PEAPOD performed 248 (38%) 
Baby too large 75 (11.5%) 
Not tolerated 100 (15.3%) 

Machine malfunction 27 (4.2%) 
Researcher not available 10 (1.5%) 

Did not attend 148 (22.7%) 
Not invited 44 (6.8%) 

Table 17. Summary of term infant measurements performed at four months of age 

Table 18 below is a summary of baseline characteristics of infants who were measured at four 

months of age.   

 

 

 

 

 

 

 

 

n=460 Mean Standard deviation 

Maternal characteristics 
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BMI 
Age 
Smoking 
GDM 
 

25.1 
30.8 

25 (5.4%) 
23 (5%) 

4.8 
4.8 
n/a 
n/a 

Birth characteristics 
 

Gestation at birth (wks) 
Birth weight (kg) 
OFC(cm) 
 

 
 

40.0 
3.53 
34.8 

 

 
 

1.1 
0.47 
1.2 

 

Anthropometry at 4/12 
 

Age at measurement (wks) 
Weight (kg) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 
 

 
 

17.7 
6.90 
63.9 
42.7 
42.9 
14.6 
23.1 

 
 

2.2 
0.89 
3.0 
2.9 
3.8 
1.4 
2.8 

Table 18. Characteristics and anthropometry of infants measured at four months of age 

As displayed in table 18, infants of mothers who smoked or had gestational diabetes were 

underrepresented at 4 months of age. Infant characteristics were distributed similarly to the 

birth cohort.  

Table 19 below described the anthropometry and body composition data of infants who had 

both performed at four months of age.  

 

 

 

 

n=248 Mean Standard deviation 

Maternal characteristics 
 

BMI 

 
 

25.4 

 
 

5.0 



 

112 
 

Age 
Smoking 
GDM 
 

30.8 
11 (4.4%) 
15 (6%) 

5.3 
n/a 
n/a 

Birth characteristics 
 

Gestation at birth (wks) 
Birth weight (kg) 
OFC(cm) 
 

 
 

39.9 
3.49 
34.7 

 

 
 

1.2 
0.49 
1.4 

 

Anthropometry 
 

Age at measurement (wks) 
Weight (kg) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 
 

 
 

17.3 
6.59 
63.0 
42.2 
42.2 
14.3 
22.7 

 
 

2.1 
0.69 
2.7 
2.8 
3.4 
1.4 
2.6 

Body composition 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 
 

 
 

1.591 
5.025 
24.0 
76.0 

 

 
 

0.402 
0.536 

4.8 
4.8 

 

Table 19. Baseline characteristics, anthropometry and body composition of term infants at 
four months of age 

Infants in whom body composition measurements were performed weighed less and were 

shorter than infants who had anthropometry alone. Mean body fat percentage was 24%, 

however this could have been affected by the fact that some heavier infants could not be 

measured at four months of age. 

3.2.2 The effect of gender on anthropometry and body composition in term infants at four 

months of age 

Table 20 describes the effect of gender on body composition at four months of age.  

n=460 

(Body composition n=248) 

Female 
 

n=241(145) 

Male 
 

n=219(103) 

p value 

Maternal characteristics (mean, SD)    
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Maternal age (yrs) 
Maternal BMI (kg/m²) 
Maternal smoking (n,%) 
GDM (n,%) 

 

 
30.9 (5.1) 
24.8 (4.6) 
12 (5.0%) 
11 (5.0%) 

 
30.7 (5.0) 
25.5 (5.1) 
13 (6.0%) 
12 (6%) 

 
0.749 
0.117 
0.652 
0.652 

 

Birth characteristics 
 

Gestation at birth (wks) 
Birth weight (kg) 

 

 
 

40.0 (1.1) 
3.48 (0.47) 

 

 
 

39.9 (1.2) 
3.59 (0.46) 

 

 
 

0.83 
0.005 

 

Anthropometry 
 

Age at measurement (wks) 
Weight at measurement (kg) 
Length (cm) 
OFC (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 

 

 
 

17.8 (2.2) 
6.60 (0.82) 
62.9 (3.1) 
41.6 (2.2) 
42.6 (3.1) 
42.4 (3.2) 
14.4 (1.2) 
23.0 (3.0) 

 
 

17.6 (2.2) 
7.22 (0.88) 
64.9 (2.5) 
42.7 (1.4) 
43.3 (2.5) 
43.5(4.2) 
14.9 (1.5) 
23.3 (2.5) 

 
 

0.34 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

0.20 

Body composition 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 
 

 
 
1.636 (0.412) 
4.841 (0.500) 

25.2 (4.7) 
74.8 (4.7) 

 
 

1.527 (0.382) 
5.284 (0.476) 

22.3 (4.4) 
77.7 (4.4) 

 
 

0.04 
<0.001 
<0.001 
<0.001 

Table 20. Gender differences in anthropometry and body composition at four months of age 

There was no difference in maternal characteristics between male and female infants. At four 

months female infants remained shorter and lighter than males. Female body fat percentage 

remained higher than that of male infants at four months of age. 

3.2.3 The effect of feeding on weight and body composition at four months in term infants 

At four months of age, 46% of the cohort was receiving some breast milk (n=204). 18.5% of the 

cohort had commenced solid food (n=83). 33.2% of the cohort was receiving breast milk only 

with no formula or complementary feeds (n=72). Table 21 compares birth weight and body fat 

percentage in infants who are breast or formula feeding.  

n=448 Breast milk Formula milk Mixed feeding p value 



 

114 
 

(mean, SD) 
(incomplete data 

n=12) 

n=160  
(81 body 

composition) 

n=244 
(139 body 

composition) 

n=44 
(23 body 

composition) 

Weight (kg) 

Body fat % 

Weight >8kg at 

4/12 

6.84 (0.91) 

24.8 (4.8) 

28 (17%) 

6.90 (0.87) 

23.3 (4.7) 

37 (15%) 

7.08 (0.91) 

25.1 (5.1) 

8 (18%) 

0.435 

0.091 

n/a 

Table 21. The influence of feeding on weight and body fat percentage at four months of age 

Infants had similar weight and body fat percentage at four months regardless of mode of 

feeding. 

3.2.4 A comparison of weight and body fat percentage in SGA, AGA and LGA infants at four 

months of age 

Based on their size at birth, infants were analysed as SGA, AGA or LGA (Table 22).  

n=460 
(mean, SD) 

SGA 
n=32 

(25 body 
composition) 

AGA 
n=382 

(197 body 
composition) 

LGA 
n=46 

(26 body 
composition) 

p value 

Weight (kg) 6.15 (0.70) 6.90 (0.88) 7.36 (0.75) SGA vs AGA, 
LGA <0.001 
AGA vs LGA 

0.002 

Body fat % 21.3 (5.4) 24.8 (4.7) 24.9 (4.2) SGA vs AGA 
0.011 

SGA vs LGA 0.02 
 

Weight >8kg 
at 4/12 

2 (6.3%) 63 (16.2%) 10 (21.3%)  

Table 22. A comparison of weight and body composition at four months in infants born SGA, 
AGA and LGA 

Small for gestational age infants remained lighter than appropriate for gestational age infants 

at four months of age. Large for gestational age infants remained heavier at four months of 

age. Small for gestational all infants continued to have less fat at four months of age. There 

was no difference in infant body fat percentage between appropriate for gestational age 

infants and large for gestational age infants.  It should be noted that 21% of the large for 
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gestational age infants were too heavy for the PEA POD at four months of age, which may have 

masked a higher body fat percentage in LGA infants. 

3.2.5 Univariate analysis of factors affecting infant weight at four months of age 

Table 23 describes factors which influence the weight of a term infant at four months of age. 

 Pearson’s 
Coefficient 

 

R 
squared 

ß coefficient 95% CI p value 

Maternal factors 
 

BMI 
Age 
Smoking 
GDM 
 

 
 

0.128 
0.050 
0.059 
0.060 

 
 

0.016 
0.002 
0.003 
0.004 

 
 

0.023 
0.009 
-0.231 
0.234 

 
 

0.007 to 0.040 
-0.007 to 0.025 
-0.589 to 0.127 
-0.124 to 0.542 

 

 
 

<0.006 
0.287 
0.206 
0.199 

Birth characteristics 
 

Gestation 
Gender 
Bwt 
Neonatal BF% 
 

 
 

0.235 
0.345 
0.468 
0.145 

 
 

0.055 
0.119 
0.219 
0.021 

 
 

0.181 
-0.612 
0.889 
0.028 

 
 

0.112 to 0.250 
-0.765 to -0.460 
0.735 to 1.043 
0.000 to 0.057 

 
 

<0.001 
<0.001 
<0.001 
0.051 

Infant characteristics 
 
Age 
Breast milk at 4/12 
Ever breast milk 
Solids 
 

 
 

0.357 
0.004 
0.112 
0.017 

 
 

0.127 
0.000 
0.013 
0.000 

 
 

0.144 
-0.007 
0.197 
0.000 

 
 

0.109 to 0.179 
-0.173 to 0.159 
-0.041 to 0.436 
0.000 to 0.000 

 
 

<0.001 
0.932 
0.105 
0.711 

Table 23. Univariate analysis of factors affecting term infant weight at four months of age 

On univariate analysis maternal BMI at booking, gestational age at birth, birth weight and 

gender were all found to have significant effect on term infant weight at four months of age. 

 

 

3.2.6 Multivariate analysis of factors affecting infant weight at four months of age 

A multiple regression was run to include variables that had a significant effect or had a p value 

<0.25 on infant weight at four months in simple linear regression (Table 24).  
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 ß coefficient 95% CI p value Tolerance 

Maternal factors 
 

BMI 
Smoking 
GDM 
 

 
 

 0.011 
-0.263 
 -0.178 

 
 

-0.013 to 0.035 
-0.690 to 0.261 
-0.618 to 0.163 

 
 

0.379 
0.225 
0.425 

 
 

0.645 
0.909 
0.794 

Infant factors 
 

Gestation 
Gender 
Bwt 
Neonatal BF% 
Age at measurement 
Any breast feeding 
 

 
 

-0.065 
 -0.488 
 0.803 
-0.013 
0.134 
0.103 

 
 

-0.183 to 0.053 
-0.715 to -0.261 
0.459 to 1.147 
-0.046 to 0.021 
0.078 to 0.189 
-0.130 to 0.337 

 
 

0.281 
<0.001 
<0.001 
0.458 

<0.001 
0.384 

 

 
 

0.504 
0.790 
0.407 
0.465 
0.681 
0.777 

Table 24. Multivariate analysis of factors affecting term infant weight at four months (Model 
1) 

This model accounted for 41% of the variability in weight at four months but included 182 

infants, as only infants who had measurements performed in the neonatal period could be 

included. Neonatal body fat percentage was not significant in multivariate analysis, therefore 

the test was run again without this variable, allowing data from 448 infants to be included 

(Table 25). 

 

 

 

 

 

 ß coefficient 95% CI p value Tolerance 

Maternal factors 
 

BMI 
Smoking 
GDM 

 
 

 0.003 
-0.232 
 -0.116 

 
 

-0.018 to 0.023 
-0.613 to 0.149 
-0.503 to 0.272 

 
 

0.793 
0.231 
0.557 

 
 

0.717 
0.899 
0.814 
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Infant factors 
 

Gestation 
Gender 
Bwt 
Age at measurement 
Any breast feeding 
 

 
 

-0.067 
 -0.537 
 0.769 
0.135 
0.118 

 
 

-0.172 to 0.037 
-0.722 to -0.353 
0.337 to 1.001 
0.087 to 0.182 
-0.083 to 0.318 

 
 

0.204 
<0.001 
<0.001 
<0.001 
0.248 

 

 
 

0.557 
0.950 
0.706 
0.709 
0.849 

Table 25. Multivariate analysis of factors affecting term infant weight at four months (Model 
2) 

In model 2 gender, birth weight and gender remained significant and 42.8% of the variability in 

infant weight could be explained by the model. 

 

 

 

 

 

 

 

 

 

 

3.2.7 Univariate analysis of factors affecting term infant body fat percentage at four months 

of age 

Table 26 presents univariate analysis by simple linear regression of factors affecting term 

infant body composition at four months of age.  
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 Pearson’s 
Coefficient 

 

R 
squared 

ß coefficient 95% CI p value 

Maternal factors 
 

BMI 
Age 
Smoking 
GDM 
 

 
 

0.063 
0.123 
0.049 
0.001 

 
 

0.004 
0.015 
0.002 
0.000 

 
 

 0.060 
 0.111 
-1.133 
 0.026 

 
 

-0.060 to 0.181 
-0.001 to 0.224 
-4.026 to 1.760 
-2.476 to 2.528 

 

 
 

0.326 
0.052 
0.441 
0.984 

Birth characteristics 
 

Gestation 
Gender 
Bwt 
Neonatal BF% 
 

 
 

0.055 
0.303 
0.079 
0.212 

 
 

0.003 
0.092 
0.006 
0.045 

 
 

0.223 
2.918 
0.765 
0.227 

 
 

-0.286to 0.733 
1.765 to 4.071 
-0.455 to 1.984 
0.023 to 0.431 

 
 

0.389 
<0.001 
0.218 
0.029 

Infant characteristics 
 
Age  
Weight 
Breast milk at 4/12 
Ever breast milk 
Solids 
 

 
 

0.004 
0.339 
0.161 
0.100 
0.001 

 
 

0.000 
0.115 
0.026 
0.010 
0.000 

 
 

0.009 
2.340 
1.560 
0.966 
0.000 

 
 

-0.269 to 0.287 
1.524 to 3.156 
0.349 to 2.771 
-0.754 to 2.686 
0.000 to 0.000 

 
 

0.950 
<0.001 
0.012 
0.268 
0.994 

Table 26. Univariate analysis of factors affecting term infant body fat percentage at four 
months of age 

In univariate analysis female gender, neonatal body fat percentage, weight and breast feeding 

at four months were higher body fat percentage at four months of age. 

3.2.8 Multivariate analysis of factors affecting term infant body fat percentage at four 

months of age 

A simultaneous multiple linear regression was run to include variables that had a significant 

effect (or those which had a p value <0.25) in univariate analysis on infant body fat percentage 

at four months (Table 27).  

 ß coefficient 95% CI p value Tolerance 

Maternal factors 
 

Age 

 
 

-0.042 
 

 
 

-0.186 to 0.103 
 

 
 

0.567 
 

 
 

0.917 
 

Infant factors 
 

Gender 
Bwt 

 
 

3.682 
 -5.714 

 
 

2.106 to 5.258 
-8.014 to -3.413 

 
 

<0.001 
<0.001 

 
 

0.800 
0.378 
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Body fat % at TCA 
Weight at measurement 
Breast milk at 4/12 
 

0.439 
5.651 
1.316 

0.218 to 0.660 
4.302 to 7.000 
-0.144 to 2.776 

<0.001 
<0.001 
0.077 

 

0.486 
0.586 
0.943 

Table 27. Multivariate analysis of factors affecting term infant body fat percentage at four 
months of age (Model 1)  

Model 1 explained 48.7% of the variance in body fat percentage at four months of age. 

Gender, gestation, birth weight and neonatal body fat percentage were found to be significant. 

However, in model 1, only infants who had body composition measurements performed at 

both birth and four months could be included. Multiple regression was run again without this 

variable.  

 ß coefficient 95% CI p value Tolerance 

Maternal factors 
 

Age 

 
 

0.045 
 

 
 

-0.053 to 0.143 
 

 
 

0.365 
 

 
 

0.937 
 

Infant factors 
 

Gender 
Bwt 
Weight at measurement 
Breast milk at 4/12 
 

 
 

4.242 
 -2.015 
4.007 
1.527 

 
 

3.186 to 5.299 
-3.262 to -

0.768 
3.106 to 4.907 
0.409 to 2.555 

 
 

<0.001 
0.002 

<0.001 
0.004 

 

 
 

0.912 
0.674 
0.631 
0.952 

Table 28. Multivariate analysis of factors affecting term infant body fat percentage at four 
months of age (Model 2)  

The second model included data from 244 infants (r² = 0.343, p<0.001). Tolerance is 

maintained >0.6 in this model. Female gender, weight at time of measurement and receipt of 

breast milk at four months of age were associated with higher infant body fat percentage.  

 

3.2.9 Anthropometric predictors of infant body fat percentage at four months of age 

In attempting to obtain body composition measurements at 4 months of age in this study 

some infants were too large for the PEA POD while others did not tolerate it therefore linear 

regression was performed on the following variables: Birth weight (p = 0.218), gender (p 
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<0.001), age (p = 0.950), weight (p <0.001), head circumference (p 0.038), length (p = 0.148), 

chest circumference (p = 0.001), abdominal circumference (p <0.001), mid arm circumference 

(p <0.001), mid-thigh circumference (p <0.001) and receipt of any breast milk at four months 

(p = 0.012). These variables were all included in the multiple regression. This model accounted 

for 52.4% of the variability seen in infant body fat percentage at four months (p <0.001). 

However only birth weight, gender, weight at measurement, head circumference, mid arm 

circumference, mid-thigh circumference and receipt of any breast milk were significant. 

Running the regression with these factors alone predicted 51.8% of the variability. 

Variable ß 95% Confidence Interval p value 

Birth weight 
 

Gender 
 

Age at measurement 
 

Weight at measurement 
 

Head circumference 
 

Length 
 

Chest circumference 
 

Abdominal circumference 
 

Mid arm circumference 
 

Mid-thigh circumference 
 

Receiving any breast milk 

-1.717 
 

3.251 
 

-0.209 
 

3.618 
 

-1.298 
 

0.026 
 

0.086 
 

0.052 
 

0.778 
 

0.239 
 

1.153 

-2.806 to -0.628 
 

2.242 to 4.261 
 

-0.439 to 0.021 
 

2.213 to 5.024 
 

-1.724 to 0.872 
 

-0.176 to 0.228 
 

-0.107 to 0.279 
 

-0.099 to 0.204 
 

0.341 to 1.215 
 

0.034 to 0.445 
 

0.262 to 2.043 

0.002 
 

<0.001 
 

0.074 
 

<0.001 
 

<0.001 
 

0.800 
 

0.383 
 

0.496 
 

0.001 
 

0.022 
 

0.011 

Table 29.Multiple regression of factors affecting term infant body fat percentage at four 
months 

3.3 Preterm infants 

3.3.1 Baseline characteristics of preterm infants (<37 weeks gestation) 

A total of 304 preterm infants were screened for recruitment (130 infants born <32 weeks and 

174 infants born 32-37 weeks). Of these 195 infants had at least one set of measurements 
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performed (Figure 11). 164 mothers gave birth to 138 singletons, 22 sets of twins, 3 sets of 

triplets and 1 set of quadruplets.  153 mothers (of 183 infants) were Caucasian and 11 mothers 

(of 12 infants) were Black African. Figure 12 describes the measurements performed. 
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Figure 11.  Flow chart of preterm infants recruited 

 

 

 

 

 

 

 

 

 

Total infants n=304

Recruited <32 weeks

n=80

Recruited 32-37 
weeks

n=115

Excluded n=50

Not suitable/died n=12

Consent refused/missed n=8

Transfer to other hospital n=30

Excluded n=59

Not suitable/died n=9

Consent refused/missed n=30

Transfer to another hospital n=20
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Figure 12. Flow chart of measurements performed. 

 

Total infants n=304

<32 weeks

n=80

35 weeks:

Weight n=58

Body Composition n=58

Term corrected age:

Weight n=75

Body composition n=53

6 weeks corrected age:

Weight n=70

Body composition n=41

4 months corrected age:

Weight n=64

Body composition n=22

32-37 weeks

n=115

35 weeks:

Weight n=87

Body Composition n=87

Term corrected age:

Weight n=99

Body composition n=77

6 weeks corrected age:

Weight: n=93

Body composition n=59

4 months corrected age:

Weight n=66

Body composition n=21
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Table 30 below describes the baseline characteristics of recruited preterm infants. 

n=195 
(mean, SD) 

Mean Standard deviation (SD) 

Birth gestation (weeks) 
 

Birth weight (kg) 
 

OFC(cm) 
 

Male (%) 
 

Female (%) 

32.4 

1.83 

1.83 

95 (49%) 

100 (51%) 

3.2 

0.63 

3.0 

n/a 

n/a 

Table 30. Baseline characteristics of preterm infants <37weeks 

Table 31 below describes the baseline comparison between male and female infants.  

Mean, SD Female  

n=100 

Male  

n=95 

 

p value 

Gestation (weeks) 

Birthweight (kg) 

OFC (cm) 

32.1 (3.3) 

1.74 (0.59) 

29.1 (3.1) 

32.6 (3.1) 

1.92 (0.66) 

30.1 (2.9) 

0.33 

0.051 

0.037 

Table 31.  Baseline characteristics for male and female preterm infants 

Table 32 describes maternal booking BMI for preterm infants.  

Maternal BMI 

(kg/m²) 

<25 25-29.9 >30 Unknown 

n (%) 74 (45.1) 45 (27.4) 26 (15.9) 19 (11.6) 

Table 32. Maternal BMI of preterm infants 

Mean maternal age was 28.9 years. Mean maternal BMI was 26.2, with a minimum of 17.9 and 

a maximum of 47.5. 25 (15.2%) women smoked during their pregnancy and 10 (6.1%) women 

had gestational diabetes. 
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3.3.2 Univariate analysis of factors affecting birth weight of the preterm infant 

Table 33 describes univariate analysis of maternal and infant factors affecting birth weight of 

the preterm infant.  

 Pearson’s 
Coefficient 

 

R squared ß 
coefficient 

95% CI p value 

Maternal factors 
 

BMI 
Smoking 
GDM 
 

 
 

0.097 
0.042 
0.155 

 
 

0.009 
0.002 
0.024 

 
 

- 0.011 
0.072 
 0.412 

 
 

-0.028 to 0.006 
-0.177 to 0.320 
0.029 to 0.795 

 

 
 

0.201 
0.511 
0.035 

Birth characteristics 
 

Gestation 
Gender 
 

 
 

0.859 
0.140 

 

 
 

0.738 
0.020 

 

 
 

0.169 
-0.176 

 

 
 

0.154 to 0.183 
-0.353 to 0.000 

 

 
 

<0.001 
0.051 

 

Table 33. Univariate analysis of factors affecting birth weight of the preterm infant 

In simple linear regression, maternal gestational diabetes and gestational age of the infant 

were significant. Maternal BMI and infant gender had a p value <0.25 therefore were included 

in the model for multivariate analysis.  
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3.3.3 Multivariate analysis of factors affecting birth weight of the preterm infant  

Table 34 describes multivariate analysis of maternal and infant factors affecting birth weight of 

the preterm infant.  

 ß 
coefficient 

95% CI p value Tolerance 

Maternal factors 
 

BMI 
GDM 
 

 
 

0.001 
0.145 

 

 
 

-0.009 to 0.010 
-0.062 to 0.352 

 

 
 

0.905 
0.167 

 

 
 

0.937 
0.946 

 

Infant factors 
 

Gestation 
Gender 
 

 
 

0.167 
 -0.101 

 

 
 

0.151 to 0.183 
-0.199 to -0.002 

 

 
 

<0.001 
0.045 

 

 
 

0.948 
0.983 

 

Table 34.Multivariate analysis of factors affecting birth weight of the preterm infant 

Gestation and gender explained 73.2% of the variance in birth weight (p<0.001). Female 

gender reduced birth weight by approximately 101g. 
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3.4 Preterm infants at 35 weeks corrected gestational age 

3.4.1 Anthropometry and body composition of preterm infants at 35 weeks CGA 

Table 35 describes anthropometry and body composition data for the 145 preterm infants who 

were measured at approximately 35 weeks corrected gestational age 

n=145 Mean Standard deviation 

Birth characteristics 

Birth gestation (wk) 
Birth weight (kg) 
Birth OFC (cm) 
Female infants (n, %) 
 

 

32.5 
1.86 
29.9 

80 (55%) 

 
 

2.8 
0.57 
2.7 
n/a 

Anthropometric factors 
 

Corrected gestational age (wk) 
Weight (kg) 
OFC (cm) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 
 

 
 

35.5 
2.24 
31.8 
45.0 
29.3 
30.2 
8.4 

11.9 

 

0.9 
0.30 
1.2 
2.0 
1.6 
2.0 
0.8 
1.3 

Body composition 
 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 

 

 
 

0.222 
2.024 

9.8 
90.2 

 
 

0.122 
0.265 

4.8 
4.8 

Table 35 Measurements at 35 weeks CGA of all infants <37 weeks 

 

 

 

 

3.4.2 Gender differences in anthropometry and body composition at 35 weeks CGA 
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Table 36 compares gender differences in anthropometry and body composition in preterm 

infants at 35 weeks corrected gestational age. 

n=145 Female 
n=80 

 

Male 
n= 65 

 

 
p value 

Birth characteristics (mean, SD) 
 
Birth gestation (wk) 
Birth weight (kg) 
Birth OFC (cm) 

 
 

32.2 (3.1) 
1.76 (0.57) 
29.4 (2.9) 

 
 

32.9 (2.5) 
1.99 (0.55) 
30.6 (2.1) 

 
 

0.151 
0.014 
0.007 

 

Anthropometric factors (mean, SD) 
 

Corrected gestational age (wk) 
Weight (kg) 
OFC (cm) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 

 
 

 
 

35.6 (0.9) 
2.19 (0.27) 
31.5 (1.2) 
44.5 (1.8) 
29.2 (1.6) 
30.2 (2.1) 
8.4 (0.8) 

11.8 (1.2) 

 
 

35.5 (0.8) 
2.30 (0.32) 

32 (1.1) 
45.5 (2.0) 
29.4 (1.6) 
30.3 (1.9) 
8.4 (0.7) 

12.0 (1.4) 

 
 

0.356 
0.032 
0.02 

0.001 
0.483 
0.816 
0.760 
0.375 

Body composition (mean, SD) 
 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 

 

 
 

0.229 (0.110) 
1.978 (0.250) 

10.3 (4.5) 
89.7 (4.5) 

 
 

0.214 (0.136) 
2.082 (0.273) 

9.1 (5.1) 
90.9 (5.1) 

 
 

0.469 
0.018 
0.132 
0.132 

Table 36.Gender differences in anthropometry and body composition at 35 weeks CGA 

Male infants were longer and heavier with a larger head circumference and higher fat free 

mass than female infants. There was no difference in body fat percentage between preterm 

male and female infants at 35 weeks CGA. 

 

 

3.4.3 Effect of feeding on preterm infant weight and body fat percentage at 35 weeks CGA 
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Table 37 describes the effect of feeding on weight and body fat percentage on preterm infant 

weight and body fat percentage at 35 CGA.  

n=143 
mean, SD 

 
(missing feeding data 
n=2) 

Group 1 
Exclusive 

breast milk 
n=50 

 

Group 2 
Exclusive 

formula milk 
n=73 

Group 3 
Breast milk 
and formula 

milk  
n=20 

p value 

Weight (kg) 2.21 (0.32) 2.22 (0.26) 2.30 (0.35) 0.526 

Body fat % 9.9 (4.6) 10.3 (5.0) 6.9 (3.5) 1 vs 3 0.051 

2 vs 3 0.013 

Table 37. Effect of feeding on preterm infant weight and body fat percentage at 35 weeks 

CGA 

While there was no difference in weight at discharge from hospital, infants receiving both 

breast and formula milk had lower body fat percentage when compared with infants receiving 

exclusive formula milk.     

3.4.4 A comparison of weight and body fat percentage in SGA, AGA and LGA preterm infants 

at 35 weeks CGA 

Table 38 describes the weight and body fat percentage for SGA, AGA and LGA infants at 35 

weeks CGA. 

n=145 
 

(mean, SD) 

Small for 
gestational age 

(SGA) 
n=16 

Appropriate for 
gestational age 

(AGA) 
n=121 

Large for 
gestational age 

(LGA) 
n=8 

 
p value 

Weight (kg) 

Body fat % 

1.96 (0.17) 

9.2 (4.9) 

2.23 (0.26) 

9.7 (4.9) 

2.84 (0.20) 

12.5 (2.4) 

<0.001 

0.235 

Table 38. A comparison of weight and body fat percentage in SGA, AGA and LGA preterm 
infants at 35 weeks CGA 

Significant differences in weight at discharge from hospital were seen between SGA, AGA and 

LGA infants, however no difference in body fat percentage was demonstrated. 
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3.4.5 Comparison of infants born <32 weeks and >32 weeks at 35 weeks CGA 

Table 39 compares infants born <32 weeks with infants born >32 weeks at 35 weeks CGA. 

n=145 

(mean, SD) 

Gestation <32/40 

n=58 

Gestation >32/40 

n=87 

p value 

Weight (kg) 

Body fat % 

2.24 (0.25) 

12.7 (4.1) 

2.24 (0.37) 

7.8 (4.2) 

0.938 

<0.001 

Table 39. Comparison of infants <32 weeks and >32 weeks gestation at 35 weeks CGA  

While discharge weights were similar, infants born less than 32 weeks had significantly higher 

body fat percentage than infants born >32 weeks at 35 weeks CGA. 

3.4.6 Univariate analysis of factors affecting preterm infant weight at 35 weeks CGA 

Table 40 describes univariate analysis using simple linear regression of factors affecting 

preterm infant weight at 35 weeks CGA. 

 Pearson’s 
Coefficient 

 

R squared ß 
coefficient 

95% CI p value 

Maternal factors 
 

BMI 
Smoking 
GDM 
 

 
 

0.212 
0.021 
0.267 

 
 

0.045 
0.000 
0.071 

 
 

0.012 
-0.018 
 0.319 

 
 

0.002 to 0.022 
-0.152 to 0.121 
0.125 to 0.514 

 

 
 

<0.015 
0.803 

<0.001 

Birth characteristics 
 

Gestation 
Bwt 
Gender 
 

 
 

0.005 
0.424 
0.178 

 

 
 

0.000 
0.180 
0.032 

 

 
 

-0.001 
 0.221 
-0.106 

 

 
 

-0.018 to 0.017 
0.143 to 0.299 

-0.203 to -0.009 
 

 
 

<0.001 
0.051 
0.032 

 

Infant characteristics 
 

CGA at measurement 
Any breast milk at 35/40 

 

 
 

0.095 
0.025 

 
 

0.009 
0.001 

 
 

-0.033 
0.015 

 
 

-0.024 to 0.090 
-0.084 to 0.113 

 
 

0.254 
0.768 

Table 40. Univariate analysis of factors affecting preterm infant weight at 35 weeks CGA 

Maternal BMI, gestational diabetes, infant birth weight and gender were significant factors in 

simple linear regression and were included in multivariate analysis. 
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3.4.7 Multivariate analysis of factors affecting preterm infant weight at 35 weeks CGA 

Table 41 describes multivariate analysis using simultaneous multiple linear regression of 

factors affecting preterm infant weight at 35 weeks CGA.  

 ß 
coefficient 

95% CI p value Tolerance 

Maternal factors 
 

BMI 
GDM 
 

 
 

0.008 
0.155 

 

 
 

-0.001 to 0.017 
-0.036 to 0.346 

 

 
 

0.078 
0.110 

 

 
 

0.931 
0.859 

 

Infant factors 
 

Bwt 
Gender 
 

 
 

0.211 
 -0.049 

 

 
 

0.126 to 0.297 
-0.142 to 0.045 

 

 
 

<0.001 
0.305 

 

 
 

0.871 
0.922 

 

Table 41. Multivariate analysis of factors affecting preterm infant weight at 35 weeks CGA 

In multivariate analysis, only birth weight emerged as a significant factor influencing preterm 

infant weight at 35 weeks CGA. This model explained 26.5% of the variance. 

 

 

 

 

 

 

 

3.4. 8 Univariate analysis of factors affecting the body fat percentage of preterm infants at 35 

weeks CGA 
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Table 42 describes the univariate analysis of factors affecting the body fat percentage of 

preterm infants at 35 weeks CGA. 

 Pearson’s 
Coefficient 

 

R 
squared 

ß 
coefficient 

95% CI p value 

Maternal factors 
 

BMI 
Smoking 
GDM 
 

 
 

0.201 
0.137 
0.207 

 
 

0.040 
0.019 
0.043 

 
 

0.184 
 1.803 
3.957 

 
 

0.028 to 0.341 
-0.397 to 4.003 
0.794 to 7.119 

 

 
 

0.021 
0.107 
0.015 

Birth characteristics 
 

Gestation 
Bwt 
Gender 
 

 
 

0.558 
0.402 
0.126 

 

 
 

0.312 
0.162 
0.016 

 

 
 

-0.944 
-3.387 
1.208 

 

 
 

-1.176 to -0.712 
-4.662 to 2.112 
-0.368 to 2.785 

 

 
 

<0.001 
<0.001 
0.132 

 

Infant characteristics 
 

CGA at measurement 
Any breast milk at 35/40 
Weight at 35/40 

 

 
 

0.078 
0.135 
0.273 

 
 

0.006 
0.018 
0.075 

 
 

-0.436 
-1.279 
4.412 

 
 

-1.359 to 0.486 
-2.842 to 0.284 
1.845 to 6.980 

 
 

0.352 
0.108 

<0.001 

Table 42. Univariate analysis of factors affecting the body fat percentage of preterm infants 
at 35 weeks CGA 

Maternal BMI, gestational diabetes, gestational age at birth, birth weight and weight at 35 

weeks CGA were all significant. Maternal smoking, gender and receiving breast milk at 35 

weeks CGA had a p value <0.2 and were included in the multivariate analysis.  

3.4.9 Multivariate analysis of factors affecting the body fat percentage of preterm infants at 

35 weeks CGA 

Table 43 describes the multivariate analysis of factors affecting preterm infant body fat 

percentage at 35 weeks corrected gestational age. When infant birth weight was included in 

the model there was evidence of multicollinearity between birth weight and gestation 

(Pearson coefficient 0.850). This interfered with the tolerance. The simultaneous multiple 

regression was thus run without birth weight.  

 ß coefficient 95% CI p value Tolerance 

Maternal factors     
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BMI 
Smoking 
GDM 
 

 
0.130 
1.484 
3.349 

 

 
 0.001 to 0.259 
-0.374 to 3.342 
0.655 to 6.042 

 

 
0.049 
0.116 
0.015 

 

 
0.896 
0.894 
0.823 

 

Birth factors 
 

Gestation 
Gender 
 

 
 

-0.895 
1.003 

 
 

-1.130 to -0.660 
-0.296 to 2.362 

 
 

<0.001 
0.129 

 
 

0.945 
0.921 

Infant factors 
 

Any breast milk at 35/40 
Weight at 35/40 
 

 
 

-0.736 
 3.763 

 

 
 

-2.045 to 0.573 
1.516 to 6.011 

 

 
 

0.268 
<0.001 

 

 
 

0.899 
0.873 

 

Table 43. Multivariate analysis of factors affecting the body fat percentage of preterm 
infants at 35 weeks CGA 

Maternal BMI and gestational diabetes, gestational age at birth and weight at 35 weeks CGA 

were significant in predicting preterm infant body fat percentage at 35 weeks CGA. 44.0% of 

the variance in body fat percentage at a corrected gestation of 35 weeks could be explained by 

this model. 

 

 

 

 

 

 

 

3.5 Preterm infants at term corrected gestational age (TCA) 

3.5.1 Anthropometry and body composition of preterm infants at TCA 

Table 44 describes the characteristics of preterm infants at term corrected age. 
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n=174 Mean Standard deviation 

Birth characteristics 

Birth gestation (wk) 
Birth weight (kg) 
Birth OFC (cm) 
Female infants (n, %) 
 

 

32.1 
1.78 
29.5 

90 (52%) 

 
 

3.2 
0.61 
3.0 
n/a 

Anthropometric factors 
 

Corrected gestational age (wk) 
Weight (kg) 
OFC (cm) 
Length (cm) 
 

 
 

39.8 
3.14 
34.8 
48.8 

 

 

1.3 
0.58 
1.7 
3.0 

 

Table 44. Characteristics of preterm infants at TCA 

 

 

 

 

 

 

 

 

 

Table 45 describes anthropometric and body composition data for 130 infants at term 

corrected age.  

n=130 Mean Standard deviation 
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Birth characteristics  

Birth gestation (wk) 
Birth weight (kg) 
Birth OFC (cm) 
Female infants (n, %) 
 

 

32.2 
1.76 
29.4 

62 (48%) 

 
 

3.3 
0.61 
3.0 
n/a 

Anthropometric factors  
 

Corrected gestational age (wk) 
Weight (kg) 
OFC (cm) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 
 

 
 

39.6 
3.08 
34.8 
48.5 
32.7 
33.4 
9.8 

14.8 

 

1.4 
0.57 
1.8 
2.8 
2.4 
2.6 
1.2 
1.8 

Body composition 
 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 

 

 
 

0.484 
2.593 
15.3 
84.7 

 
 

0.202 
0.434 

4.7 
4.7 

Table 45. Anthropometric and body composition data for preterm infants at TCA 

 

 

 

 

 

 

3.5.2 Gender differences in anthropometry and body composition at TCA 

Table 46 describes gender differences in anthropometry and body composition in preterm 

infants. 
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n=174 

(body composition n=130) 

Female 
n=90 

(n=62) 
 

Male 
n= 84 
(n=68) 

 

 
p value 

Birth characteristics (mean, SD) 
 
Birth gestation (wk) 
Birth weight (kg) 
Birth OFC (cm) 

 
 

31.9 (3.2) 
1.69 (0.57) 
29.0 (3.0) 

 
 

32.5 (3.2) 
1.87 (0.65) 
30.0 (2.9) 

 
 

0.209 
0.061 
0.037 

 

Anthropometric factors (mean, SD) 
 

Corrected gestational age (wk) 
Weight (kg) 
OFC (cm) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 

 
 

 
 

39.9 (1.2) 
3.10 (0.54) 
34.6 (1.7) 
48.5 (2.8) 
32.7 (2.5) 
33.5 (2.7) 
9.8 (1.1) 

14.3 (1.7) 

 
 

39.7 (1.4) 
3.19 (0.62) 
35.0 (1.8) 
49.1 (3.1) 
32.7 (2.5) 
33.2 (2.4) 
9.9 (1.2) 

13.9 (1.9) 

 
 

0.235 
0.286 
0.141 
0.208 
0.934 
0.562 
0.645 
0.287 

Body composition (mean, SD) 
 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 
 

 
 

0.491 (0.197) 
2.537 (0.399) 

15.7 (4.8) 
84.3 (4.8) 

 
 

0.478 (0.207) 
2.644 (0.461) 

14.9 (4.7) 
85.1 (4.7) 

 
 

0.720 
0.163 
0.301 
0.293 

Table 46. Gender differences in anthropometry and body composition in preterm infants at 
TCA 

There were no gender differences in preterm infant anthropometry and body composition at 

TCA. 

 

 

 

3.5.3 Effect of feeding on preterm infant weight and body fat percentage at TCA 

Table 47 describes the effect of mode of feeding on weight and body fat percentage at TCA. 

Feeding data was unavailable for 2 infants. 
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n=172 
(body 

composition 
n=128) 

 
(mean, SD) 

Group 1 
Exclusive breast 

milk at TCA 
 

n= 39 (32) 

Group 2 
Exclusive 

formula milk at 
TCA 

n= 114 (79) 

Group 3 
Breast milk and 
formula milk at 

TCA 
n= 19 (17) 

 

p value 

Weight (kg) 3.16 (0.52) 3.07 (0.59) 3.50 (0.50) 2 vs 3 0.009 

Body fat % 16.1 (4.3) 15.0 (5.0) 15.5 (3.8) 0.497 

Table 47. Effect of feeding on preterm infant weight and body fat percentage at TCA 

Mode of feeding did not affect body fat percentage at term corrected age, however infants 

receiving mixed feeds were heavier than formula fed infants. 

Table 48 describes the effect of receiving breast milk at 35 weeks CGA on weight and body fat 

percentage at TCA. 

n=172 
 

(body 
composition 

n=128) 
 

(mean, SD) 

Group 1 
Exclusive breast 

milk at 35/40 
CGA 

 
n= 64 (52) 

Group 2 
Exclusive 

formula milk at 
35/40 CGA 

 
n= 87 (60) 

Group 3 
Breast milk and 

formula milk 
35/40 CGA 

 
n= 21 (16) 

p value 

Weight (kg) 3.17 (0.57) 3.06 (0.59) 3.41 (0.50) 0.055 

Body fat % 16.7 (4.4) 14.3 (5.0) 14.6 (3.6) 1 vs 2 0.022 

Table 48. Effect of breast milk at 35 weeks CGA on weight and body fat percentage at TCA 

Preterm infants who were receiving exclusive breast milk at discharge from hospital had higher 

body fat percentage at term corrected age than infants receiving exclusive formula milk. 

 

3.5.4 A comparison of weight and body fat percentage in SGA, AGA and LGA preterm 

infants at TCA 

 

Table 49 describes the body weight and body fat percentage at TCA in SGA, AGA and LGA 

preterm infants. 
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n=174  
(body composition 

n=130) 
 

(mean, SD) 

SGA 
 

n=25 (22) 

AGA 
 

n=139 (100) 

LGA 
 

n=10 (8) 

p value 

 Weight (kg) 2.68 (0.49) 3.159(0.53) 3.68 (0.70) <0.001 

Body fat % 13.8 (5.7) 15.5 (4.6) 16.2 (3.6) 0.225 

Table 49. Weight and body fat percentage at TCA in SGA, AGA and LGA preterm infants 

SGA preterm infants remained lighter than AGA or LGA infants. However body fat percentage 

was similar between all the groups.   

3.5.5 Comparison of infants born <32 weeks and 32-37 weeks at TCA 

Table 50 compares infants born less than 32 weeks gestation with infants born between 32-37 

weeks gestation at TCA. 

n=174 
(body composition 

n=130) 
 

(mean, SD) 

Born <32 weeks 
 

n=75 (53) 

Born 32-37 weeks 
 

n=97 (77) 

p value 

 Weight (kg) 3.12 (0.49) 3.16 (0.64) 0.633 

Body fat % 17.4 (4.7)  13.8 (4.2) <0.001 

Table 50.Comparison of weight and body fat percentage in infants born <32 weeks and 32-37 
weeks at TCA 

While there was no difference in weight, infants born less than 32 weeks had higher body fat 

percentage than infants born 32-37 weeks at TCA. 

 

3.5.6 Univariate analysis of factors affecting preterm infant weight at TCA 

Table 51 describes univariate analysis by simple linear regression of factors affecting preterm 

infant weight at TCA. 
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 Pearson’s 
Coefficient 

 

R 
squared 

ß 
coefficient 

95% CI p value 

Maternal factors 
 

BMI 
BMI 
Smoking 
GDM 
 

 
 

0.201 
0.075 
0.041 
0.161 

 
 

0.040 
0.006 
0.002 
0.026 

 
 

 0.184 
 -0.008 
-0.064 
0.392 

 
 

0.028 to 0.341 
-0.025 to 0.009 
-0.303 to 0.174 
0.026 to 0.757 

 

 
 

0.021 
0.345 
0.595 
0.036 

Birth characteristics 
 

Gestation 
Bwt 
Gender 
 

 
 

0.047 
0.263 
0.081 

 

 
 

0.002 
0.069 
0.007 

 

 
 

-0.009 
0.247 
-0.094 

 

 
 

-0.036 to 0.019 
0.111 to 0.384 
-0.266 to 0.079 

 
 

0.538 
<0.001 
0.286 

 

Infant characteristics 
 

CGA at measurement 
Any breast milk at 35/40 
Weight at 35/40 
Any breast milk at TCA 

 

 
 

0.582 
0.140 
0.621 
0.162 

 
 

0.339 
0.020 
0.385 
0.026 

 
 

0.259 
0.160 
1.044 
0.198 

 
 

0.205 to 0.313 
-0.014 to 0.334 
0.812 to 1.275 
0.015 to 0.380 

 

 
 

<0.001 
0.071 

<0.001 
0.034 

Table 51. Univariate analysis of factors affecting preterm infant weight at TCA 

Maternal gestational diabetes, infant birth weight, corrected gestational age at measurement, 

weight at 35 weeks CGA and receiving breast milk were significant in univariate analysis. These 

factors were included in multivariate analysis as well as receipt of breast milk at 35 weeks CGA 

(p=0.071). 

 

 

 

 

3.5.7 Multivariate analysis of factors affecting preterm infant weight at TCA 

Table 52 describes the multivariate analysis of factors affecting preterm infant weight at TCA. 

 ß 
coefficient 

95% CI p value Tolerance 
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Maternal factors 
 

GDM 
 

 
 

0.22 
 

 
 

0.033 to 0.477 
 

 
 

0.087 
 

 
 

0.863 
 

Birth factors 
 

Bwt 
Gender 
 

 
 

0.088 
-0.103 

 
 

-0.033 to 0.209 
-0.225 to 0.019 

 
 

0.152 
0.096 

 
 

0.772 
0.918 

Infant factors 
 

CGA at measurement 
Weight at 35/40 
Any breast milk at 35/40 
Any breast milk at TCA 
 

 
 

0.191 
 0.971 
0.139 
0.031 

 

 
 

0.118 to 0.264 
0.741 to 1.201 
-0.010 to 0.294 
-0.130 to 0.192 

 

 
 

<0.001 
<0.001 
0.078 
0.705 

 

 
 

0.974 
0.820 
0.552 
0.561 

 

Table 52. Multivariate analysis of factors affecting preterm infant weight at TCA 

In multivariate analysis only corrected gestational age and weight at 35 weeks CGA were 

significant in predicting preterm infant weight at TCA. The model explained 53.7% of the 

variability in weight at TCA. 

 

 

 

 

 

 

 

3.5.8 Univariate analysis of factors affecting preterm infant body fat percentage at TCA 

Table 53 describes univariate analysis using simple linear regression of factors affecting 

preterm infant body fat percentage at TCA.  
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 Pearson’s 
Coefficient 

 

R 
squared 

ß 
coefficient 

95% CI p value 

Maternal factors 
 

BMI 
Smoking 
GDM 
 

 
 

0.085 
0.084 
0.173 

 
 

0.007 
0.007 
0.030 

 
 

0.070 
1.132 
3.584 

 
 

-0.078 to 0.218 
-1.263 to 3.528 
-0.033 to 7.201 

 

 
 

0.350 
0.351 
0.052 

Birth characteristics 
 

Gestation 
Bwt 
Gender 
 

 
 

0.474 
0.347 
0.091 

 

 
 

0.225 
0.120 
0.008 

 

 
 

-0.683 
-2.670 
0.862 

 

 
 

-0.904 to -0.461 
-3.932 to -1.407 
-0.781 to 2.505 

 
 

<0.001 
<0.001 
0.301 

 

Infant characteristics 
 

CGA at measurement 
Weight at 35/40 
Weight at TCA 
Body Fat % at 35/40 
Any breast milk at 35/40 
Any breast milk at TCA 

 

 
 

0.356 
0.181 
0.504 
0.365 
0.208 
0.099 

 
 

0.127 
0.033 
0.254 
0.133 
0.043 
0.010 

 
 

1.204 
2.798 
4.161 
0.328 
1.963 
0.958 

 
 

0.651 to 1.757 
-0.471 to 6.068 
2.915 to 5.406 
0.147 to 0.508 
0.293 to 3.634 
-0.738 to 2.653 

 

 
 

<0.001 
0.092 

<0.001 
 0.001 
0.022 
0.266 

Table 53. Univariate analysis of factors affecting preterm infant body fat percentage at TCA 

In univariate analysis infant gestation, birth weight, corrected age at measurement, weight at 

term corrected age, body fat percentage at 35 weeks CGA and receipt of breast milk at 35 

weeks CGA were significant and included in multivariate analysis. Additionally maternal 

gestational diabetes and infant weight at 35 weeks CGA were included as their p value was 

<0.25.  

 

 

 

3.5.9 Multivariate analysis of factors affecting preterm infant body fat percentage at TCA 

Table 54 describes the multivariate analysis using simultaneous multiple linear regression of 

factors affecting preterm infant body fat percentage at TCA. Birth weight was removed from 

the model as there was evidence of multicollinearity between birth weight and gestation. 
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 ß 
coefficient 

95% CI p value Tolerance 

Maternal factors 
 

GDM 
 

 
 

-0.058 
 

 
 

-3.177 to 3.061 
 

 
 

0.971 
 

 
 

0.706 
 

Birth factors 
 

Gestation 
 

 
 

-0.073 
 

 
 

-0.358 to 0.212 
 

 
 

0.611 
 

 
 

0.589 
 

Infant factors 
 

CGA at measurement 
Weight at 35/40 
Weight at TCA 
Body fat % at 35/40 
Any breast milk at 35/40 
 

 
 

-0.573 
-6.860 
7.524 
0.378 
-0.565 

 

 
 

-1.495 to 0.350 
-10.323 to -3.397 

5.405 to 9.644 
0.193 to 0.564 
-1.878 to 0.748 

 

 
 

0.226 
<0.001 
<0.001 
<0.001 
0.394 

 
 

0.693 
0.455 
0.449 
0.561 
0.893 

 

Table 54. Multivariate analysis of factors affecting preterm infant body fat percentage at TCA 
(Model 1) 

Model 1 explained 55.3 % of the variance in preterm infant body fat percentage at TCA. 

However only infant who had complete data available from 35 weeks CGA and TCA could be 

included (n=85). In order to explore the data further, the test was run without weight and 

body fat percentage measurements at 35 weeks CGA. In this model, data from 122 infants 

were included (Table 55). 

 

 

 

 

 ß 
coefficient 

95% CI p value Tolerance 

Maternal factors 
 

GDM 
 

 
 

3.630 
 

 
 

0.693 to 6.567 
 

 
 

0.016 
 

 
 

0.933 
 

Birth factors 
 

Gestation 

 
 

-0.703 

 
 

-0.900 to -0.506 

 
 

<0.001 

 
 

0.621 
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Infant factors 
 

CGA at measurement 
Weight at TCA 
Any breast milk at 35/40 

 

 
 

0.347 
3.172 
0.464 

 
 

-0.228 to 0.923 
1.778 to 4.566 
-0.813 to 1.741 

 
 

0.235 
<0.001 
0.473 

 
 

0.621 
0.608 
0.923 

 

Table 55. Multivariate analysis of factors affecting preterm infant body fat percentage at TCA 
(Model 2) 

In model 2 infant gestation and weight at term corrected age were significant. The longer the 

gestation of the infant, the lower the body fat percentage of the preterm infant was at TCA. 

 

 

 

 

 

 

 

 

 

 

3.6 Preterm infants at six weeks corrected gestational age 

3.6.1 Anthropometry and body composition of preterm infants at 6 weeks CGA  

Table 56 describes the anthropometry and body composition of preterm infants at 6 weeks 

CGA. 
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n=163 

(Body composition n=100) 

Mean Standard deviation 

Birth characteristics  

Birth gestation (wk) 
Birth weight (kg) 
Birth OFC (cm) 
 

 

32.2 
1.78 
29.5 

 

 
 

3.1 
0.6 
3.0 

 

Anthropometric factors  
 

Corrected gestational age (wk) 
Weight (kg) 
OFC (cm) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 
 

 
 

46.3 
4.65 
38.4 
54.8 
37.9 
38.2 
12.1 
18.3 

 

1.4 
0.76 
1.6 
2.9 
2.3 
2.9 
1.2 
2.2 

Body composition 
 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 

 

 
 

1.006 
3.693 
21.0 
79.0 

 
 

0.333 
0.468 

4.8 
4.8 

Table 56. Anthropometry and body composition of preterm infants at 6 weeks CGA 

Weight measurements were available for 163 preterm infants at a mean corrected gestational 

age of 6.3 weeks. Mean weight was 4.65kg and body fat percentage data was available for 100 

infants with a mean of 21%. 

 

3.6.2 Gender differences in anthropometry and body composition in preterm infants at 6 

weeks CGA 

Table 57 describes gender differences in anthropometry and body composition in preterm 

infant at 6 weeks CGA. 

n=163 Female 
n=84 

Male 
n= 79 

 
p value 
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(body composition n=100) (n=45) 
 

(n=55) 
 

Birth characteristics (mean, SD) 
 
Birth gestation (wk) 
Birth weight (kg) 
Birth OFC (cm) 

 
 

31.9 (3.2) 
1.70 (0.58) 
29.1 (3.0) 

 
 

32.5 (3.0) 
1.87 (0.60) 
29.9 (3.0) 

 
 

0.195 
0.069 
0.047 

 

Anthropometric factors (mean, SD) 
 

Corrected gestational age (wk) 
Weight (kg) 
OFC (cm) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 

 
 

 
 

46.6 (1.2) 
4.51(0.76) 
38.2 (1.5) 
54.6 (3.0) 
37.6 (2.1) 
38.1 (3.0) 
11.9 (1.0) 
18.2 (2.1) 

 
 

46.0 (1.2) 
4.80 (0.73) 
38.6 (1.6) 
55.3 (2.8) 
38.3 (2.4) 
38.4 (2.8) 
12.2 (1.2) 
18.4 (2.3) 

 
 

0.007 
0.013 
0.100 
0.048 
0.117 
0.621 
0.135 
0.647 

Body composition (mean, SD) 
 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 
 

 
 

0.978 (0.343) 
3.572 (0.476) 

21.1 (5.1) 
78.9 (5.1) 

 
 

1.029 (0.327) 
3.791 (0.442) 

21.0 (4.6) 
79.0 (4.6) 

 
 

0.480 
0.019 
0.917 
0.902 

Table 57. Gender differences in anthropometry and body composition in preterm infants at 6 
weeks CGA 

At six weeks corrected gestational age male infants were heavier and had higher fat free mass 

than female infants. There was no difference in body fat percentage between male and female 

infants at this time point. Female infants were on average 4 days older than males when 

measured. While this was of statistical significance, it is of unlikely clinical significance at this 

corrected gestational age.  

3.6.3 Effect of feeding on preterm infant weight and body fat percentage at 6 weeks CGA 

Table 58 describes the effect of mode of feeding on weight and body composition at 6 weeks 

CGA. Feeding data were unavailable for 3 infants.  

n=160 
 

Exclusive 
breast milk 

 

Exclusive 
formula milk 

 

Mixed feeding 
 
 

p value 
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(Body composition 
n=97) 

 
(mean, SD) 

 

n= 21 
(n=13) 

n=133 
(n=81) 

n=6 
(n=3) 

 Weight (kg) 4.81 (0.85) 4.58 (0.73) 5.10 (0.73) 0.087 

Body fat % 23.2 (5.5) 20.6 (4.6) 21.8 (5.7) 0.199 

Table 58. Effect of feeding on preterm infant weight and body fat percentage at 6 weeks CGA 

By six weeks corrected gestational age, 21 infants were receiving exclusive breast milk, with a 

further 6 infants receiving some breast milk. Mode of feeding at six weeks post menstrual age 

did not influence weight or body fat percentage of the preterm infant (ANOVA).  

3.6.4 Comparison of weight and body fat percentage in SGA, AGA and LGA preterm infants 

at 6 weeks CGA 

Table 59 describes differences in weight and body fat percentage in SGA, AGA and LGA 

preterm infants at 6 weeks CGA.  

n=163 
 

(Body 
composition 

n=100) 
(mean, SD) 

 

SGA 
 

n=23 
(n=17) 

AGA 
 

n=130 
(n=77) 

LGA 
 

n=10 
(n=6) 

p value  

 Weight (kg) 4.02 (0.57) 4.68 (0.67) 5.66 (0.46) <0.001 

Body fat % 20.2 (4.8) 20.8 (4.8) 25.8 (2.8) SGA vs LGA 
0.043 

Table 59. Weight and body fat percentage in SGA, AGA and LGA preterm infants at 6 weeks 

CGA 

At six weeks corrected gestational age, weight remained significantly different between small, 

appropriate and large for gestational age infants (ANOVA). The large for gestational age group 

of infants was small, with body composition data available for only six of these infants. Body 

fat percentage was not different between small and appropriate for gestational age infants. 

3.6.5 Comparison of infants born <32 weeks and 32-37 weeks at 6 weeks CGA 
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Table 60 describes weight and body fat percentage in infants born <32 weeks and 32-37 weeks 

gestation at 6 weeks CGA. 

n=163 
 

(Body composition 
n=100)  

(mean, SD) 
 

Infants born <32 
weeks gestation 

 
n=70 (41) 

Infants born 32-37 
weeks gestation 

 
n=93 (59) 

p value 

Weight (kg) 4.61 (0.70) 4.68 (0.80) 0.56 

Body fat % 20.8 (4.3) 21.2 (5.2) 0.717 

Table 60. Comparison of infants born <32 weeks and 32-37 weeks at 6 weeks CGA 

At six weeks corrected gestational age, there was no difference in weight of body fat 

percentage between the preterm infants born <32 weeks and those born between 32-37 

weeks gestation. 

 

 

 

 

 

 

3.6.6 Univariate analysis of factors affecting preterm infant weight at 6 weeks CGA 

Table 61 describes univariate analysis using simple linear regression of factors affecting 

preterm infant weight at 6 weeks CGA. 

 Pearson’s 
Coefficient 

 

R 
squared 

ß 
coefficient 

95% CI p value 

Maternal factors      
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BMI 
Smoking 
GDM 
 

 
0.016 
0.063 
0.109 

 
0.000 
0.004 
0.012 

 
0.002 
-0.132 
0.340 

 
-0.020 to 0.024 
-0.462 to 0.197 
-0.145 to 0.824 

 

 
0.845 
0.429 
0.168 

Birth characteristics 
 

Gestation 
Bwt 
Gender 
 

 
 

0.005 
0.318 
0.194 

 

 
 

0.000 
0.101 
0.038 

 

 
 

-0.001 
0.403 
-0.292 

 

 
 

-0.039 to 0.037 
0.216 to 0.590 

-0.522 to -0.062 

 
 

0.954 
<0.001 
0.013 

 

Infant characteristics 
 
CGA at measurement 
Weight at 35/40 
Weight at TCA 
Any breast milk at 35/40 
Any breast milk at TCA 
Any breast milk at 6/52 CGA  
 

 
 

0.297 
0.532 
0.709 
0.060 
0.178 
0.157 

 
 

0.088 
0.283 
0.503 
0.004 
0.032 
0.025 

 
 

0.163 
1.329 
0.952 
0.090 
0.283 
0.306 

 
 

0.082 to 0.245 
0.953 to 1.705 
0.804 to 1.100 
-0.144 to 0.325 
0.039 to 0.528 
0.006 to 0.607 

 

 
 

<0.001 
<0.001 
<0.001 
0.448 
0.023 
0.046 

Table 61. Univariate analysis of factors affecting preterm infant weight at 6 weeks CGA 

In univariate analysis birth weight, gender, CGA at measurement, weight at 35 weeks CGA, 

weight at TCA, receipt of breast milk at TCA and 6 weeks CGA were significant and were 

included in the model for multivariate analysis. In addition, maternal gestational diabetes was 

included because the p value was <0.25.  

 

 

 

 

3.6.7 Multivariate analysis of factors affecting preterm infant weight at 6 weeks CGA 

Table 62 describes the multivariate analysis of factors which affect preterm infant weight at 6 

weeks CGA. 

 ß coefficient 95% CI p value Tolerance 

Maternal factors 
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GDM 
 

-0.047 
 

-0.381 to 0.286 
 

0.779 
 

0.875 
 

Birth factors 
 

Bwt 
Gender 
 

 
 

0.069 
-0.237 

 
 

-0.082 to 0.221 
-0.389 to -0.085 

 
 

0.368 
0.003 

 
 

0.775 
0.918 

Infant factors 
 

CGA at measurement 
Weight at 35/40 
Weight at TCA 
Any breast milk at TCA 
Any breast milk at 6/52 CGA 
 

 
 

 0.146 
 0.169 
0.975 
0.119 
0.094 

 

 
 

0.087 to 0.206 
-0.173 to 0.511 
0.770 to 1.180 
-0.072 to 0.310 
-0.145 to 0.332 

 

 
 

<0.001 
0.330 

<0.001 
0.220 
0.438 

 

 
 

0.932 
0.579 
0.556 
0.611 
0.625 

 

Table 62. Multivariate analysis of factors affecting preterm infant weight at 6 weeks CGA 

In multivariate analysis significant factors affecting preterm infant weight at 6 weeks CGA were 

gender, corrected gestation at measurement and weight at term corrected age.  

 

 

 

 

 

 

 

3.6.8 Univariate analysis of factors affecting preterm infant body fat percentage at 6 

weeks CGA 

Table 63 describes univariate analysis using simple linear regression of factors affecting 

preterm infant body fat percentage at term corrected age. 

 Pearson’s 
Coefficient 

R squared ß 
coefficient 

95% CI p value 
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Maternal factors 
 

BMI 
Smoking 
GDM 
 

 
 

0.099 
0.039 
0.242 

 
 

0.010 
0.001 
0.059 

 
 

 0.080 
 0.618 
 4.906 

 
 

-0.086 to 0.246 
-2.615 to 3.851 
0.942 to 8.871 

 

 
 

0.340 
0.705 
0.016 

Birth characteristics 
 

Gestation 
Bwt 
Gender 
 

 
 

0.043 
0.067 
0.011 

 

 
 

0.002 
0.004 
0.000 

 

 
 

-0.065 
0.556 
0.102 

 

 
 

-0.365 to 0.235 
-1.110 to 2.222 
-1.838 to 2.041 

 
 

0.954 
0.509 
0.917 

 

Infant characteristics 
 
CGA at measurement 
Weight at 35/40 
Weight at TCA 
Weight at 6/52 CGA 
Body fat % at 35/40 CGA 
Body fat % at TCA 
Any breast milk at 35/40 
Any breast milk at TCA 
Any breast milk at 6/52 CGA  
 

 
 

0.076 
0.039 
0.305 
0.538 
0.096 
0.483 
0.137 
0.184 
0.171 

 
 

0.006 
0.039 
0.093 
0.290 
0.009 
0.233 
0.019 
0.034 
0.029 

 
 

0.323 
0.669 
2.897 
3.730 
0.101 
0.523 
1.328 
1.838 
2.102 

 
 

-0.529 to 1.176 
-3.243 to 4.580 
1.062 to 4.732 
2.559 to 4.901 
-0.138 to 0.339 
0.316 to 0.730 
-0.623 to 3.280 
-0.143 to 0.730 
-0.322 to 4.525 

 

 
 

0.454 
0.734 
0.002 

<0.001 
0.403 

<0.001 
0.180 
0.069 
0.088 

Table 63. Univariate analysis of factors affecting preterm infant body fat percentage at 6 
weeks CGA 

In univariate analysis maternal gestational diabetes, infant weight at TCA and 6 weeks CGA and 

body fat percentage at TCA were significant. In addition receipt of breast milk at 35 weeks, TCA 

and 6 weeks CGA was included in multivariate analysis (p<0.25). 

 

 

3.6.9 Multivariate analysis of factors affecting preterm infant body fat percentage at 6 

weeks CGA 

Table 64 describes the multivariate analysis using simultaneous multiple linear regression of 

factors affecting preterm infant body fat percentage at 6 weeks CGA. When weight at TCA was 

included in the model, the tolerance was <0.4 thus indicating evidence of multicollinearity, 

therefore it was excluded from the final model. 
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 ß coefficient 95% CI p value Tolerance 

Maternal factors 
 

GDM 
 

 
 

-0.047 
 

 
 

-0.381 to 0.286 
 

 
 

0.779 
 

 
 

0.875 
 

Infant factors 
 

Weight at 6/52 CGA 
Body fat % at TCA 
Any breast milk at 35/40 CGA 
Any breast milk at TCA 
Any breast milk at 6/52 CGA 
 

 
 

 0.146 
 0.169 
0.975 
0.119 
0.094 

 

 
 

0.087 to 0.206 
-0.173 to 0.511 
0.770 to 1.180 
-0.072 to 0.310 
-0.145 to 0.332 

 

 
 

<0.001 
0.330 

<0.001 
0.220 
0.438 

 

 
 

0.932 
0.579 
0.556 
0.611 
0.625 

 

Table 64. Multivariate analysis of factors affecting preterm infant body fat percentage at 6 
weeks CGA 

In the final model, only preterm infant weight at 6 weeks CGA and body fat percentage at term 

corrected age were significant. This model explained 46.3% (p<0.001) of the variation in 

preterm infant body fat percentage at 6 weeks CGA. 

 

 

 

 

 

 

3.7 Preterm infants at four months corrected gestational age 

3.7.1 Anthropometry and body composition of preterm infants at 4 months CGA 

Data were available for weight, length and head circumference for one hundred and thirty 

infants at four months CGA (Table 65). Sixty six preterm infants had anthropometric 

measurements performed. Of these infants forty three had body composition measurements 
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performed. 14 infants weighed over eight kilograms, two infants were too long, five infants did 

not tolerate the procedure and parents of two infants declined the procedure.  

n=130 
 

(anthropometry n=66, body 
composition n=43) 

Mean Standard deviation 

Birth characteristics  

Birth gestation (wk) 
Birth weight (kg) 
Birth OFC (cm) 
 

 

31.8 
1.73 
29.0 

 

 
 

3.2 
0.62 
3.1 

 

Anthropometric factors  
 

Corrected gestational age (wk) 
Weight (kg) 
OFC (cm) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 
 

 
 

57.3 
6.48 
41.8 
62.5 
41.0 
41.7 
13.6 
21.1 

 

 

2.5 
1.02 
3.5 
3.2 
2.1 
2.7 
1.1 
2.4 

Body composition 
 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 

 

 
 

1.366 
4.634 
22.5 
77.5 

 
 

0.391 
0.552 

5.1 
5.1 

Table 65. Anthropometry and body composition of preterm infants at 4 months CGA 

 

 

3.7.2 Gender differences in anthropometry and body composition in preterm infants at 4 

months CGA 

Table 66 describes gender differences in anthropometry and body composition in preterm 

infants at 4 months corrected gestational age. 

n=130 
 

(anthropometry n= 66, body 
composition n=43) 

Female 
 

n=72 
(n=37, n=25) 

 

Male 
 

n= 58 
(n=29, n=18) 

 

 
p value 
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Birth characteristics (mean, SD) 
 
Birth gestation (wk) 
Birth weight (kg) 
Birth OFC (cm) 

 
 

31.6 (3.3) 
1.65 (0.58) 
28.7 (2.5) 

 
 

32.0 (3.2) 
1.83 (0.67) 
29.4 (3.2) 

 
 

0.474 
0.088 
0.148 

 

Anthropometric factors (mean, SD) 
 

Corrected gestational age (wk) 
Weight (kg) 
OFC (cm) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 

 
 

 
 

57.1(2.5) 
6.20(0.92) 
41.1 (1.3) 
61.6 (3.0) 
40.4 (2.3) 
41.0 (3.0) 
13.4 (1.2) 
21.2 (2.4) 

 
 

57.6 (2.6) 
6.84 (1.03) 
42.6 (1.7) 
63.5 (3.1) 
41.8 (1.6) 
42.5 (2.1) 
13.8 (1.0) 
21.2 (2.4) 

 
 

0.245 
<0.001 
0.050 
0.001 
0.001 
0.036 
0.156 
0.856 

Body composition (mean, SD) 
 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 
 

 
 

1.321 (0.411) 
4.390 (0.411) 

22.8 (5.3) 
77.2 (5.3) 

 
 

1.428 (0.364) 
4.973 (0.552) 

22.2 (4.9) 
77.8 (4.4) 

 
 

0.383 
<0.001 
0.729 
0.729 

Table 66. Gender differences in anthropometry and body composition in preterm infants at 4 
months CGA 

 
Male preterm infants were heavier and longer than female preterm infants at four months 

corrected gestational age. While the fat free mass of the male infant was significantly higher 

than that of the female infant, no difference in body fat percentage was demonstrated.   

 

 
3.7.3 Effect of feeding on preterm infant weight and body fat percentage at 4 months CGA 

Table 67 describes the effect of mode of feeding on preterm infant weight and body 

composition at 4 months CGA. 

 

n=129 
 

(Body composition 
n=43) 

(mean, SD) 

Exclusive 
breast milk 

n= 15 
(n=6) 

 

Exclusive 
formula milk 

n=110 
(n=36) 

Mixed feeding 
 

n=4 
(n=1) 

p value 
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 Weight (kg) 6.46 (1.2) 6.46 (1.0) 7.21 (2.0) 0.356 

Body fat % 25.9 (5.7) 21.9 (4.8) 24.4 (n/a) 0.184 

Table 67. Effect of feeding on preterm infant weight and body fat percentage at 4 months 

CGA 

Mode of feeding had no effect on weight and body fat percentage at four months corrected 

gestational age, however numbers breast feeding at this time were small. 

 
 
3.7.4 Comparison of weight and body fat percentage in SGA, AGA and LGA preterm infants 

at 4 months CGA 

Table 68 describes weight and body fat percentage in preterm infants born SGA, AGA and LGA. 
 

n=130 
 

(Body 
composition 

n=43) 
(mean, SD) 

Small for 
gestational age  

 
n=16 (7) 

Appropriate for 
gestational age 

 
n=107 (34) 

Large for 
gestational age 

 
n=7 (2) 

p value 

Weight (kg) 5.95 (0.71) 6.51 (0.98) 7.26 (1.6) SGA vs 
LGA 0.013 

 

Body fat % 22.7 (3.9) 22.5 (5.1) 21.9 0.983 

Table 68. Comparison of weight and body fat percentage in SGA, AGA and LGA preterm 

infants at 4 months CGA 

There was no difference in body fat percentage at four months corrected gestational age when 

comparing preterm infants who were born SGA, AGA and LGA. SGA infants remained smaller 

than LGA but not AGA infants at four months corrected gestational age.  

3.7.5 Comparison of infants born <32 weeks and 32-37 weeks at 4 months CGA 

Table 69 compares weight and body composition in preterm infants born <32 weeks and 32-37 

weeks gestation. 

 

n=130 
 

(Body composition n=43) 
(mean, SD) 

Infants born <32 
weeks 

 
n=64 (n=22) 

Infants born 32-37 
weeks 

 
n=66 (n=21) 

p value 
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Weight (kg) 6.41 (0.98) 6.55 (1.05) 0.434 

Body fat % 21.8 (4.4) 23.3 (5.7) 0.357 

Table 69. Comparison of infants born <32 weeks and 32-37 weeks at 4 months CGA 

At four month corrected gestational age, there was no difference in weight and body fat 

percentage between infants born <32 weeks and infants born 32-37 weeks gestation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.7.6 Univariate analysis of factors affecting preterm infant weight at 4 months CGA 

Table 70 describes univariate analysis using simple linear regression of factors affecting 

preterm infant weight at 4 months CGA. 

 Pearson’s 
Coefficient 

 

R squared ß 
coefficient 

95% CI p value 

Maternal factors 
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BMI 
Smoking 
GDM 
 

0.105 
0.089 
0.087 

0.011 
0.008 
0.008 

 0.020 
-0.235 
 0.389 

-0.014 to 0.053 
-0.698 to 0.228 
-0.393 to 1.172 

 

0.250 
0.318 
0.327 

Birth characteristics 
 

Gestation 
Bwt 
Gender 
 

 
 

0.022 
0.178 
0.314 

 

 
 

0.000 
0.032 
0.099 

 

 
 

-0.007 
0.291 
-0.641 

 

 
 

-0.062 to 0.048 
0.010 to 0.572 

-0.980 to -0.303 

 
 

0.804 
0.043 

<0.001 
 

Infant characteristics 
 
CGA at measurement 
Weight at 35/40 
Weight at TCA 
Weight at 6/52 CGA 
Any breast milk at 35/40 
Any breast milk at TCA 
Any breast milk at 6/52 CGA 
Any breast milk at 4/12 CGA 
Solids at 4/12 CGA 
 

 
 

0.311 
0.327 
0.597 
0.785 
0.042 
0.206 
0.108 
0.055 
0.007 

 
 

0.097 
0.107 
0.357 
0.617 
0.002 
0.043 
0.012 
0.003 
0.000 

 
 

0.126 
1.086 
1.162 
1.045 
0.086 
0.447 
0.291 
0.157 
0.000 

 
 

0.059 to 0.193 
0.455 to 1.718 
0.878 to 1.447 
0.893 to 1.196 
-0.281 to 0.453 
0.062 to 0.831 
-0.200 to 0.783 
-0.347 to 0.661 
0.000 to 0.000 

 

 
 

<0.001 
0.001 

<0.001 
<0.001 
0.645 
0.023 
0.251 
0.538 
0.936 

Table 70. Univariate analysis of factors affecting preterm infant weight at 4 months CGA 

Preterm infant birth weight, gender, corrected gestational age at measurement, weight at 35 

weeks CGA, weight at TCA, weight at 6 weeks CGA and receipt of breast milk at TCA were 

significant in univariate analysis and were included in multivariate analysis. 

 

 

 

 

 

 

3.7.7 Multivariate analysis of factors affecting preterm infant weight at 4 months CGA 

Table 71 describes multivariate analysis using simultaneous multiple linear regression of 

factors affecting preterm infant weight at 4 months CGA.  

 ß coefficient 95% CI p value Tolerance 

Birth factors     



 

157 
 

 
Bwt 
Gender 
 

 
0.144 
-0.068 

 
-0.047 to 0.335 
-0.268 to 0.133 

 
0.139 
0.503 

 
0.795 
0.871 

Infant factors 
 

CGA at measurement 
Weight at 35/40 
Weight at TCA 
Weight at 6/52 CGA 
Any breast milk at TCA 
 

 
 

 0.136 
 0.018 
0.054 
0.965 
0.380 

 

 
 

0.096 to 0.175 
-0.426 to 0.463 
-0.290 to 0.398 
0.765 to 1.164 
0.184 to 0.575 

 

 
 

<0.001 
0.935 
0.754 

<0.001 
<0.001 

 

 
 

0.931 
0.634 
0.469 
0.409 
0.955 

 

Table 71. Multivariate analysis of factors affecting preterm infant weight at 4 months CGA 

This model explained 79.8% of the variance in preterm infant weight at four months corrected 

age. Corrected age at measurement, weight at 6 weeks CGA and receipt of breast milk at TCA 

remained significant in multivariate analysis. 

 

 

 

 

 

 

 

 

 

 

3.7.8 Univariate analysis of factors affecting preterm infant body fat percentage at 4 

months CGA 

Table 72 describes univariate analysis using simple linear regression of factors affecting 

preterm infant body fat percentage at 4 months CGA. 

 Pearson’s 
Coefficient 

 

R 
squared 

ß coefficient 95% CI p value 
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Maternal factors 
 

BMI 
Smoking 
GDM 
 

 
 

0.046 
0.266 
0.369 

 
 

0.002 
0.071 
0.136 

 
 

-0.044 
 3.376 
 7.138 

 
 

-0.356 to 0.268 
-0.538 to 7.289 
1.385 to 12.892 
 

 
 

0.777 
0.289 
0.016 

Birth characteristics 
 

Gestation 
Bwt 
Gender 
 

 
 

0.340 
0.317 
0.054 

 

 
 

0.116 
0.100 
0.003 

 

 
 

0.489 
2.286 
0.550 

 

 
 

0.063 to 0.915 
0.126 to 4.446 
-2.636 to 0.737 

 
 

0.026 
0.039 
0.729 

 

Infant characteristics 
 
CGA at measurement 
Weight at 35/40 
Weight at TCA 
Weight at 6/52 CGA 
Weight at 4/12 CGA 
Body fat % at 35/40 CGA 
Body fat % at TCA 
Body fat % at 6/52 CGA 
Any breast milk at 35/40 
Any breast milk at TCA 
Any breast milk at 6/52 CGA 
Any breast milk at 4/12 CGA 
Solids at 4/12 CGA 
 

 
 

0.147 
0.320 
0.345 
0.384 
0.387 
0.226 
0.086 
0.592 
0.085 
0.241 
0.195 
0.282 
0.095 

 
 

0.021 
0.021 
0.119 
0.147 
0.150 
0.051 
0.007 
0.350 
0.007 
0.058 
0.038 
0.079 
0.009 

 
 

-0.261 
-0.261 
3.114 
2.864 
2.592 
8.819 
0.086 
0.648 
-0.852 
2.590 
2.425 
3.809 
-0.969 

 
 

-0.816 to 0.915 
-0.816 to 0.294 
0.254 to 5.974 
0.462 to 5.267 
0.646 to 4.537 

-6.061 to 23.300 
-0.273 to 0.444 
0.267 to 1.029 
-4.219 to 2.516 
-0.929 to 6.110 
-1.761 to 6.611 
-4.175 to 2.236 
-4.175 to 2.236 

 

 
 

0.348 
0.091 
0.034 
0.021 
0.010 
0.254 
0.630 
0.002 
0.611 
0.144 
0.257 
0.067 
0.545 

Table 72. Univariate analysis of factors affecting preterm infant body fat percentage at 4 
months CGA 
 
In univariate analysis preterm infant birth weight, gestation, weight at TCA, 6 weeks CGA and 4 

months CGA and body fat percentage at 6 weeks CGA were significant. Maternal gestational 

diabetes was found to be significant, but only 3 mothers with GDM were included at 4 months 

CGA.  

 

3.7.9 Multivariate analysis of factors affecting preterm infant body fat percentage at 4 

months CGA 

Table 73 describes multivariate analysis of factors affecting preterm infant body fat percentage 

at 4 months CGA. Numbers were relatively small at this time point, therefore the following 

factors were selected: gestational age at birth, birth weight, weight at TCA, body fat 

percentage at TCA and weight at 4 months CGA. Because of evidence of multicollinearity birth 
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weight was removed from the model. This model allowed data from all 43 infants who had 

body composition measurements performed to be included. 

 ß coefficient 95% CI p value Tolerance 

Birth factors 
 

Gestation 
 

 
 

0.976 
 

 
 

0.394to 1.559 
 

 
 

0.002 
 

 
 

0.492 
 

Infant factors 
 

Weight at TCA 
Weight at 4/12 CGA 
Body fat % at TCA 
Any breast milk at TCA 
Any breast milk at 4/12 CGA 
 

 
 

0.616 
1.923 
0.526 
1.391 
2.727 

 
 

-2.988 to 4.220 
-0.209 to 4.055 
0.045 to 1.008 
-2.415 to 8.196 
-2.182 to 7.636 

 
 

0.728 
0.075 
0.033 
0.460 
0.264 

 
 

0.492 
0.690 
0.450 
0.585 
0.614 

Table 73. Multivariate analysis of factors affecting preterm infant body fat percentage at 4 
months CGA 

Gestational ages at birth and body fat percentage at TCA were significant in predicting body fat 

percentage in preterm infants at 4 months CGA (r² =0.479, p=0.004).  

 

 

 

 

 

 
3.8 Comparison of preterm and term infants at term corrected age 

3.8.1 Comparison of anthropometry and body composition in preterm and term infants at 

term corrected age 
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Table 74 compares baseline characteristics, anthropometry and body composition data for 

term and preterm infants (n=847). Body composition data was available for 504 infants at term 

(preterm infants n=130, term infants n=374).  

n=847 
 

(body composition n=504) 

Preterm <37 
weeks 

 
n=195 

(n=130) 
 

Term 37-42 
weeks 

 
n= 652 
(n=374) 

 

 
p value 

Birth characteristics (mean, SD) 
 
Birth gestation (wk) 
Birth weight (kg) 
Birth OFC (cm) 

 
 

32.4 (3.2) 
1.83 (0.63) 
29.6 (3.0) 

 
 

40.0 (1.2) 
3.52 (0.48) 
34.9 (1.3) 

 
 

<0.001 
<0.001 
<0.001 

 

Anthropometric factors (mean, SD) 
 

Corrected gestational age (wk) 
Weight (kg) 
OFC (cm) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 

 
 

 
 

39.7 (1.4) 
3.13 (0.58) 
34.8 (1.7) 
48.7 (3.0) 
32.6 (2.4) 
33.3 (2.6) 
9.8 (1.2) 

14.0 (1.9) 

 
 

40.1 (1.2) 
3.38 (0.50) 
34.9 (1.3) 
50.1 (2.0) 
33.7 (1.8) 
33.2 (2.1) 
10.8 (1.0) 
15.0 (1.5) 

 
 

0.061 
<0.001 
0.889 

<0.001 
<0.001 
0.880 

<0.001 
<0.001 

 

Body composition (mean, SD) 
 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 
 

 
 

0.475 (0.204) 
2.585 (0.431) 

15.0 (4.8) 
85.0 (4.8) 

 
 

0.374 (0.186) 
3.020 (0.370) 

10.6 (4.5) 
89.4 (4.5) 

 
 

<0.001 
<0.001 
<0.001 
<0.001 

 

Table 74. Comparison of preterm and term infants at term corrected age 

At term corrected age, preterm infants were lighter and shorter than infants born at full term. 

Head circumference was similar between the two groups. Preterm infants had higher body fat 

and lower fat free mass, reflected in a higher body fat percentage and lower fat free mass 

percentage. Preterm infants had a similar abdominal circumference to term infants, despite 

their smaller size. 
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Table 75 describes the difference in weight and body fat percentage at term corrected age in 

infants born <32 weeks, 32-37 weeks and 37-42 weeks. 

n=546 
 

(Body composition 
n=502) 

 
(mean, SD) 

 

Group 1 
 

Infants born 
<32 weeks 

n=75 
(n=53) 

Group 2 
 

Infants born 
32-37 weeks 

n=99 
(n=77) 

Group 3 
 

Infants born 37-
42 weeks 

n=372 
(n=372) 

p value 

Weight (kg) 3.12 (0.49) 3.14 (0.64) 3.38 (0.50) 1vs3 <0.001 
2vs3 <0.001 

 

Body fat % 17.4 (4.7) 13.8 (4.3) 10.6 (4.5) <0.001 

Table 75. Weight and body fat percentage at term corrected age in infants born <32 weeks, 
32-37 weeks and 37-42 weeks. 

Weight at term corrected age was similar in both preterm groups but lower than that of the 

term infant. Infants who were born <32 weeks had higher body fat percentage at term than 

infants born 32-37 weeks at term and infants born 32-37 weeks had higher body fat 

percentage at term than term born infants. 

 

 

 

 

3.8.2 Comparison of anthropometry and body composition in preterm and term infants at 

four months corrected gestational age 

Table 76 describes anthropometry and body composition data between preterm and term 

infants at 4 months CGA. 

n=511 
 

(body composition n=291) 

Preterm <37 
weeks 

 

Term 37-42 
weeks 

 

 
p value 
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n=130 
(n=43) 

 

 
n= 460 
(n=248) 

 

Anthropometric factors (mean, SD) 
 

Corrected gestational age (wk) 
Weight (kg) 
OFC (cm) 
Length (cm) 
Chest circumference (cm) 
Abdominal circumference (cm) 
Mid-arm circumference (cm) 
Mid-thigh circumference(cm) 

 
 

 
 

17.3 (2.5) 
6.48(1.02) 
41.8 (3.5) 
62.5 (3.2) 
41.0 (2.1) 
41.7 (2.7) 
13.6 (1.1) 
21.1 (2.4) 

 
 

17.7 (2.2) 
6.90 (0.89) 
42.2 (1.9) 
63.9 (3.0) 
42.9(3.8) 
42.9 (3.8) 
14.6 (1.4) 
23.1 (2.8) 

 
 

0.113 
<0.001 
<0.001 
<0.001 
<0.001 
0.011 

<0.001 
<0.001 

 

Body composition (mean, SD) 
 

Fat mass (kg) 
Fat free mass (kg) 
Body fat % 
Fat free mass % 
 

 
 

1.366 (0.391) 
4.634 (0.552) 

22.5 (5.1) 
77.5 (5.1) 

 
 

1.591 (0.402 
5.025 (0.536) 

24.0 (4.8) 
76.0 (4.8) 

 
 

0.001 
<0.001 
0.072 
0.081 

 

Table 76. Comparison of anthropometry and body composition in preterm and term infants 
at four months corrected gestational age 

While preterm infants remained shorter and lighter at four months corrected gestational age 

than term born infants, there was no difference in body composition demonstrated between 

the two groups. 

 

 

Table 77 describes the difference in weight and body fat percentage at 4 months CGA in 

infants born <32 weeks, 32-37 weeks and 37-42 weeks. 

n=590 
 

(Body composition 
n=291) 

 
(mean, SD) 

Group 1 
 

Infants born 
<32 weeks 

 
n=64 

(n=22) 

Group 2 
 

Infants born 
32-37 weeks 

 
n=66 

(n=21) 

Group 3 
 

Infants born 37-
42 weeks 

 
n=460 

(n=248) 

p value 

Weight (kg) 6.41 (0.98) 6.55 (1.05) 6.89 (0.89) 1vs3 <0.001 
2vs3 <0.001 



 

163 
 

 

Body fat % 21.8 (4.4) 23.2 (5.7) 24.0 (4.8) 0.123 

Table 77.Comparison of infants born <32 weeks, 32-37 weeks and 37-42 weeks at four 
months corrected age 

Preterm infants weighed less than term infants at four months corrected gestational age, but 

there was no difference in body fat percentage between infants born <32 weeks, 32-37 weeks 

or 37-42 weeks. 

 

 

 

 

 

 

 

 

 

3.9 Summary of results 

374 term infants were measured before 72 hours of life. The mean gestation was 39.9, birth 

weight 3.53kg and body fat percentage 10.6%. Male infants were heavier with lower body fat 

percentage than female infants. Mean body fat percentage was 6.5% for SGA infants, 10.3% 

for AGA infants and 15.6% for LGA infants. In multivariate analysis factors affecting birth 

weight were gestation, gender and maternal BMI, smoking and gestational diabetes. Factors 
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affecting neonatal body fat percentage were gestation, gender, birth weight, breast feeding 

and maternal BMI.  

460 infants were measured at 4 months of whom 248 had body composition measurements 

performed. Mean age, weight and body fat percentage were 17.7 weeks, 6.90kg and 24% 

respectively. Male infants were heavier with lower body fat percentage than female infants. 

Small for gestational age infants remained lighter with less body fat than appropriate or large 

for gestational age infants. In multivariate analysis factors affecting weight at four months 

were birth weight, gender and infant age at measurement. Factors affecting body fat 

percentage were birth weight, gender, age at measurement and breast feeding at 4 months of 

age. 

195 preterm infants had measurements, 80 infants <32 weeks and 115 32-37 weeks. Mean 

gestation at birth and birth weight were32.4 weeks and 1.83kg respectively. 

First measurements were performed at approximately 35 weeks CGA. Mean corrected 

gestation, weight and body fat percentage were 35.5 weeks, 2.24kg and 9.8% respectively. 

Preterm male infants had a body fat percentage of 9.1% and females 10.3%. Mean body fat 

percentage was 12.7% for infants <32 weeks and 7.8% for infants 32-37 weeks. There was no 

difference in body fat percentage between SGA, AGA and LGA infants. In multivariate analysis, 

the only factor affecting weight at 35 weeks CGA was birth weight. Factors affecting body fat 

percentage were gestational age at birth, weight at 35 weeks CGA, maternal BMI and maternal 

gestational diabetes.  

174 preterm infants had measurements performed at term corrected age. 130 of these infants 

had body composition measured. Mean weight was 3.08 and body fat percentage was 15.3%. 

Male and female infants had similar mean body fat percentage (14.9% and 15.7%). SGA, AGA 

and LGA infants had similar mean body fat percentage. Infants born <32 weeks had a higher 

body fat percentage than infants born 32-37 weeks (means of 17.4% vs 13.8% respectively). 
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Weight at term corrected age was influenced by gestational age at measurement and weight 

at 35 weeks CGA. Preterm infant body fat at term was affected by weight at 35 weeks CGA, 

weight at TCA and body fat percentage at 35 weeks TCA. 

163 preterm infants had measurements performed at a mean of 6.3 weeks corrected 

gestational age. 100 infants had body composition measurements performed. Mean weight 

was 4.65kg and body fat percentage was 21%. Male and female infant had a similar body fat 

percentage (means of 21% vs 21.1% respectively). Body fat percentage was similar between 

small and appropriate for gestational age infants. Mean body fat percentage was 20.8% for 

preterm infants born <32 weeks and 21.2% for infants born between 32-37 weeks. Preterm 

infant weight at 6 weeks corrected age was affected by gender, corrected age at measurement 

and weight at TCA. Body fat percentage was affected by weight at 6 weeks CGA and receipt of 

breast milk at 35 weeks CGA. 

Measurements were available for 136 preterm infants at 4 months corrected age. Of these 43 

infants had body composition measurements performed. Mean weight and body fat 

percentage was 6.48kg and 22.5% respectively, with no difference between male and female 

infants (mean of 22.2% vs 22.8% respectively). Body fat percentage was similar between small, 

appropriate and large for gestational age infants. Infants born <32 weeks had mean body fat 

percentage similar to infants born 32-37 weeks (21.8% vs 23.3% respectively). Factors affecting 

preterm infant weight at 4 months CGA were corrected age at measurement, weight at 6 

weeks and receipt of breast milk at TCA. Factors affecting body fat percentage at 4 months 

CGA were gestational age at birth and body fat percentage at TCA. 

At term corrected age preterm infants had a lower mean weight and higher mean body fat 

percentage than infants born at full term (3.13kg vs 3.38kg and 15.0% vs 10.6% respectively). 

At 4 months corrected age the mean weight of preterm infants remained lowerbut mean body 

fat percentage was similar (6.48kg vs 6.90kg and 22.5% vs 24.0% respectively). 
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 Preterm (<37 weeks) Term (37-42 weeks) 

35 weeks CGA (mean, SD) 
Weight (kg) 
Body fat % 
 

 
2.24(0.30) 

9.8(4.7) 

 

X 

Term corrected age (mean, SD) 
Weight (kg) 
Body fat % 
 

 
 

3.14(0.58) 
15.3(4.7) 

 
 

3.53(0.48) 
10.6(4.5) 

6 weeks CGA (mean, SD) 
Weight (kg) 
Body fat % 
 

 
4.80(0.73) 
21.0(4.8) 

 

X 

4 months CGA (mean, SD) 
Weight (kg) 
Body fat percentage 
 

 
6.48(1.02) 
22.5(5.1) 

 
6.90(0.89) 
24.0(4.8) 

Table 78. Summary of main results 

 

 

 

 

 

 

Chapter 4. Discussion 

Throughout this manuscript, my two outcome measures have been infant weight and infant 

body fat percentage. Raw data including anthropometry is also reported. Weight has been 

selected as the ‘universal measurement’ and is the outcome measure most commonly 

reported in infant and childhood studies. It is a simple, accurate and easily performed 

measurement. Body fat percentage rather than fat mass has been selected as this expresses 

fat mass as a proportion of body weight, thus allowing for the wide variation in the weight of 
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the infants included in this study. It is important to remember that if the body fat percentage is 

high, then the converse is also true i.e. individuals with a high body fat percentage have a low 

lean body mass percentage.  

4.1 The term infant at term 

In this study data was available for 374 singleton infants born between 37-42 weeks, to 

Caucasian mothers. Mean birth weight was 3.53±0.48kg and body fat percentage 10.6±4.5%. 

Just over half (50.5%) of the sample were female. Mean body fat percentage was 11.5±4.5% 

for females and 9.8±4.3% for males. All measurements were performed within 72 hours of 

birth as significant changes in body composition would not have occurred in this time (Roggero 

et al 2010a). The largest published cohort of infants measured by air displacement 

plethysmography is from Hawkes et al (2011). They reported data from 743 singleton ‘Baseline 

Study’ infants born to a cohort of women in Cork, Ireland of whom 98.4% were white. Data 

was included from infants born between 36 and 42 weeks gestation. Similar to the findings in 

my study, mean birth weight was 3.498±0.47kgand body fat percentage 10.8±4.2% (11.9±4.3% 

for females and 9.8±3.9% for males). Mean birth weight and body composition and gender 

differences were virtually identical between my study and the Baseline cohort.  Similar body 

fat percentages were reported for 324 American infants (Lee et al 2012) but lower mean body 

fat percentages were reported for 599 Australian infants (Au et al 2013a, females 10.0±4.3%, 

males 8.3±4.3%). It is a consistent finding in the literature that despite being lighter at birth 

females have higher body fat percentage in the neonatal period. 

It is likely that infant body composition is influenced by a number of maternal and infant 

factors. Body composition differences in different populations could be explained by ethnicity. 

The Australian cohort included infants of Asian ethnicity, while the American study included 

African-American and Hispanic infants. African-American infants have been shown to have 

higher body fat percentage than white American infants (Singh et al 2010, Lee et al 2012). 
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Ethiopian infants have lower body fat percentage than reported levels in European or 

American infants. For the term infants included in my study only infants born to Caucasian 

women were included and 93% of the preterm cohort was Caucasian, thus reducing the effect 

of ethnicity on the results.  

As well as ethnic differences in infant body weight and composition, variation is also apparent 

within European populations. A small Italian study (Roggero et al 2010) reports a birth weight 

of 2.98±0.460kg and 8.69±3.09% body fat percentage for females (n=23) and 3.20±0.270kg and 

8.94±2.75% for males (n=17). Maternal pre-pregnancy body mass index was reported as 

21.8±3.35kg/m² for this study. This is a lower maternal body mass index than has been 

reported in other European or American studies. The authors suggest that the lower neonatal 

body fat percentage was related to the lower maternal body mass index in Italian women 

compared with American women. This is not the only study to suggest a link between maternal 

body mass index and birth weight and neonatal weight and body fat percentage (Hull et al 

2008, Au et al 2013a), however methodological flaws including use of maternal report of body 

mass index exist. Hawkes et al (2011) used maternal body mass index data that was accurately 

measured prior to 16 completed weeks of pregnancy. Multivariate analysis showed for each 

unit increase in maternal body mass index neonatal body fat percentage increased by 0.114%. 

There was a similar finding in the ‘Healthy Start’ study. While the effect of maternal body mass 

index reached statistical significance in both studies, it is of unlikely clinical significance. In my 

study mean maternal body mass index was measured at pregnancy booking. The mean value 

for maternal body mass index was 26.3±5.7kg/m². This was slightly higher than maternal body 

mass index (24.7±4.2kg/m²) in the ‘Baseline Cohort’. In my study univariate analysis found a 

statistically significant effect of maternal body mass index on birth weight and body fat 

percentage. Multiple regression found that each unit increase in maternal body mass index 

increased birth weight by 14g and body fat percentage by 0.152%. While both reached 

statistical significance, increasing body mass index from 21kg/m² to 31kg/m² would result in 
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increasing birth weight by 140g and body fat percentage by 1.52%. My study does not include 

data on gestational weight gain and its effect on birth weight or neonatal body competition, 

but the importance of accurately measuring maternal weight rather than relying on maternal 

report cannot be under estimated. Similarly my study does not report maternal body 

composition data, but prior studies have shown that maternal fat free mass is the most 

accurate predictor of birth weight (Kent et al 2013).  

In their review article Li et al (2012) have commented on incomplete reported on data on 

maternal body mass index and dietary intake. The maternal body mass index has been 

accurately measured for my study. A subgroup of the maternal cohort had extensive dietary 

assessment performed as well as an assessment of their socioeconomic status. This data was 

collected and is being analysed by my colleague Ms. Laura Mullaney and will be published in 

due course. It has been suggested that higher maternal carbohydrate intake is associate with 

increased neonatal adiposity (Pereira-da-Silva et al 2013), though data is limited in this area.  

There is a complex interaction between maternal obesity and development of gestational 

diabetes. Increased infant birth weight and macrosomia has long been linked with maternal 

diabetes. Friis et al (2013) demonstrated an increase in birth weight and body fat percentage 

in infants of gestational diabetic mothers, but not if placental weight was used as a covariate. 

The ‘Healthy Start’ Study (Crune et al 2014) found that increasing maternal fasting glucose 

levels (even if not diagnostic of gestational diabetes) and increasing free fatty acids increased 

infant body fat percentage. In multivariate analysis in my study, maternal gestational diabetes 

(n=34) increased infant birth weight by 179g (95% CI 0.023 to 0.334, p=0.024), but did not have 

an effect on neonatal body fat percentage (p=0.746). This is similar to the finds of an 

Australian cohort (Au et al 2013), who suggested that improved glycaemic control negated 

effects on neonatal body composition (n=67).It would seem that gestational diabetes increases 

the infant fat mass and fat free mass in similar proportions. I did not investigate maternal 
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glycaemic control in my study and it should be noted that there are dangers associated with 

maternal hypoglycaemia during pregnancy. Neonatal body composition should be explored 

further in this population.  

14.4% of women in my cohort smoked at some stage during their pregnancy. Maternal 

cigarette smoking was found to reduce infant birth weight by 160g (p=0.006) but did not have 

an influence on neonatal body fat percentage in multivariate analyses. From the ‘Healthy Start’ 

Study (Harrod et al 2014), it would seem that the timing and quantity of cigarette smoking in 

pregnancy could be very important in relation to its effect on infant birth weight and body 

composition. They found that infants whose mothers stopped smoking prior to the end of 

pregnancy had comparable weight and body composition to unexposed infants. Timing or 

quantity of cigarette smoking was not quantified in my study.   

40% of infants in my study were exclusively breast feeding when the body composition 

measurement was performed. 48.8% of infants were receiving both breast milk and formula 

milk. These breast feeding rates would be typical for an Irish population. There is a tendency 

for breast fed infants to lose more weight initially than formula fed infants. In my study infant 

birth weights were similar in exclusive breast fed, exclusive formula fed or mixed feeding 

infants. Breast fed infants lost a mean of 200g, formula fed infants lost 100g and mixed feeding 

infants lost 150g. Despite this, infant weight remained similar at time of body composition 

measurement. Infants who were exclusively breast fed had lower neonatal body fat 

percentage than infants who were exclusively breast fed. In multivariate analysis, breast 

feeding reduced neonatal body fat percentage by 1.458% (p<0.001). Roggero et al (2010a) 

reported changes in neonatal body composition over the first 5 days of life in exclusively 

breast fed infants. They found that there was no significant difference between body 

composition measurements performed on day 1 and day 5, and that weight, fat mass and fat 

free mass reached a nadir by day 4. Similar data is not reported for formula fed infants and 
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merits further investigation. Given the apparent differences in weight loss and changes in body 

composition in the first few days of life, it would be prudent to include mode of feeding as a 

covariate when analyzing body composition data. 

Significant differences in birth weight and body composition existed between small for 

gestation age (SGA), appropriate for gestational age (AGA) and large for gestational age infants 

(LGA).   Mean body fat percentage for SGA, AGA and LGA infants was 6.5±3.5%, 10.3±4.1%and 

15.6±4.1% respectively. Gianni et al published data for SGA term infants (n=132) reporting a 

weight of 2.314±0.213kg and body fat percentage of 5.8±3.5%. This is similar to what I have 

reported in my study. As well as being heavy at birth, LGA infants are also more adipose than 

AGA infants. Persistence of this increased adiposity will be discussed below. However it should 

be noted that these are the extremes of birth weight. Within the AGA group of infants, there is 

considerable overlap between the centile groups. A heavy infant is not necessarily a fat infant, 

likewise lighter infants can have high body fat percentage.  

Attempts have been made to validate anthropometric models to estimate neonatal fat mass 

(Deierlein et al 2012). The authors included data from a multi-ethnic cohort of 128 singleton 

male and female infants. 81% of the variance in neonatal fat mass could be explained by 

gender, day of life, weight, ethnicity and the sum of 3 skinfold thickness measurements. Using 

multivariate analysis, I found that 40.1% of the variance in neonatal body fat percentage could 

be explained by gestation, gender abdominal circumference and mid-thigh circumference. 

Female gender increased the body fat percentage by approximately 2%, while each increase of 

1cm in thigh circumference measurement increased body fat percentage by 1%. This model 

has potential to be a useful bedside estimate of neonatal adiposity using simple and easily 

obtainable measurements. 

4.2 Term infant in early infancy 
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A total of 460 infants were seen at 4 months of age and 248 had body composition 

measurements performed. Of these infants 182 had measurements performed at both birth 

and four months and 106 had body composition measurements performed at both birth and 4 

months. The PEA POD that was used in the study was suitable for measurement of infants up 

to 8kg. 75 of the infants who were seen at 4 months were too heavy or long to fit comfortably 

in the PEA POD. An updated version of the device allows measurement of infants up to 10kg 

and this would have allowed successful measurement of more infants. 100 infants did not 

tolerate the body composition measurement. While tolerability was not an issue for neonatal 

measurement, it was an issue at 4 months of age. Some parents found that watching their 

children become upset during the procedure too uncomfortable and asked for the 

measurement to be stopped. If the infant was crying and upset, this could set off the high CO2 

alarm which discontinued the test sequence. Some infants disliked the completely supine 

position. While the test itself is quick and painless, infant and parent comfort especially for 

research purposes is of high importance and should be considered. While some studies report 

infants being too large for the PEA POD (Carberry et al 2010, Fields et al 2011, Gianni ML et al 

2014), difficulties with tolerability have not previously been described.  

Previous studies of infant body composition measurement using air displacement 

plethysmography have been relatively small, with the largest studies reporting data from 100-

150 infants (Eriksson et al 2010, Fields et al 2011, Gianni et al 2014).  My study reports data 

from 248 infants at four months of age.  

For my cohort of 460 infants mean age of measurement was 17.7 weeks and weight was 

6.90±0.89kg. The infant on whom body composition measurements were performed were on 

average 17.3 weeks and weighed 6.59±0.69kg. Mean body fat percentage for the cohort was 

24±4.8%.The exclusion of infants who were too heavy or too long for the testing chamber 

could have had the effect of reducing mean body fat percentage.  Neonatal body fat 
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percentage had a small positive effect on body fat percentage at 4 months (ß=0.439, p<0.001). 

While birth weight had a strong positive effect on weight at 4 months (ß=0.769, p=<0.001), this 

was not the case for body fat percentage. Infants who were heavier at birth were not more 

adipose at 4 months of age. This will be addressed below when small, appropriate and large 

for gestational age infants are discussed. 

Separate data for male and female infants is usually reported in the literature. Females have 

higher body fat percentage at birth and this is a consistent finding throughout their lifetime. In 

my study males weighed 7.22±0.85kg (n=219) and females weighed 6.60±0.82kg (n=241) at 4 

months of age. Of the infants who had body composition measurements performed males 

weighed 6.81±0.66kg and had a body fat percentage of 22.3±4.4% (n=103) and females 

weighed 6.44±0.67kg had a body fat percentage of 25.2±4.7% (n=145). Reported body fat 

percentage of white infants in males at four months is 22-28% and females 26-29% (Carberry 

et al 2010, Fields et al 2010, Roggero et al 2010). In multivariate analysis in my study female 

gender was associated with an increase in body fat percentage by > 4%. Body fat percentage in 

my study was slightly below what has been reported despite similar weights at 4 months 

(Fields et al 2010). Reported data is for exclusively breast fed infants for all but one study 

(Carberry et al 2010).So what is the effect of mode of feeding?  

Approximately one third of mothers continued to exclusively breast feed at four months 

corrected gestational age. Compared to international standards this would be low, however it 

was higher than would be typical for Ireland. Body fat percentage was similar in exclusive 

breast fed infant (24.8±4.8%), exclusive formula fed (23.3±4.7%) and mixed feeding infants 

(25.1±5.1%). Mixed fed infants tended to be heavier but this did not reach significance. It is 

difficult to know if mixed fed infants are hungrier and mothers find it difficult to sustain 

exclusive breast feeding or if they are heavier because they receive both breast and formula 

milk. One MRI study (Gale et al 2014) found no difference in body composition between breast 
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and formula fed infants. Gianni et al (2014) compared breast and formula fed infants and 

found similar body fat percentage in both groups (27% approximately), however they found 

that formula fed infants had gained more fat free mass from birth than breast fed infants. In 

my cohort of infants, multivariate analysis of receipt of any breast milk at 4 months of age 

resulted in an increase of 1.5% body fat. Initial mode of feeding had no effect. 

Much is written in the popular press about the dangers of being born heavy, and being 

committed to a life of obesity from birth. Multivariate analysis of my data showed that for 

each unit increase of 1kg in birth weight there was a 0.7kg increase in weight at 4 months of 

age (p<0.001). Birth weight did have a strong influence on weight at 4 months. However, when 

corrected for gender, age at measurement and mode of feeding, birth weight had a significant 

negative effect on infant body fat percentage (p= 0.002). Each unit (1 kg) increase in birth 

weight reduced infant body fat percentage by 2.0%. Being born heavy did not necessarily 

result in increased body fatness at four months of age. This finding is likely because male 

infants tend to be heavier but have lower body fat percentage in early infancy. 

It is important to consider infants at extremes of birth weights i.e. those who are born 

weighing <10th centile and >90th centile. Small for gestational age (SGA), appropriate for 

gestational age (AGA) and large for gestational age (LGA) infants remained significantly 

different from a weight point of view at 4 months. Weight for SGA, AGA and LGA infants were 

6.15±0.70kg, 6.90±0.88kg, 7.36±0.75kg respectively. Despite this there was no difference in 

body fat percentages between AGA and LGA infants (24.8±4.7% and 24.9±4.2%). However this 

could be misleading in that 10 out of 46 LGA infants could not have their body composition 

performed because they weighed >8kg). It could be that the body fat percentage of the LGA 

infant has been under estimated. SGA infants had lower body fat than LGA infants (21.3±5.4% 

and 24.9±4.2%), but not AGA infants. Other studies have not explored this fully. 
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Maternal BMI, age, smoking status or gestational diabetes during pregnancy had no effect on 

weight and body composition at 4 months. While increased maternal body mass index is 

associated with an increased risk of childhood obesity (Growing up in Ireland, 2011 and Patro 

et al 2013), it would appear that this is not the case by 4 months of age. Health Promotion in 

early infancy has potential to improve the health of both the infant and the mother.  

4.3 The body composition of preterm infants prior to their due date 

I measured 145 preterm infants with a mean birth gestation of 32.5±2.8 weeks at 35.5±0.9 

weeks gestation. This is a large cohort relative to other studies of preterm infants prior to term 

corrected age. 58 of these infants were born <32 weeks and 87 infants 32-37 weeks. It should 

be remembered that the late preterm infants that were measured were all infants who 

required admission to the neonatal unit rather than healthy infants on the postnatal ward. 

Mean weight was 2.24±0.30kg and body fat percentage was 9.8±4.7%. This data adds to the 

small amount of literature in the area. Previous studies report a body fat percentage of 

preterm infants at 34-35 weeks corrected gestational age at approximately 8±4% (Fusch et al 

1999b, Ramel et al 2013). In her PhD thesis, Dr. Brennan (2013) reported body fat percentage 

in 47 infants born <1500g at 34.2±0.8 weeks corrected gestational age as 12.5±4.6%. This is 

higher than the body fat percentage I report in my study and previously reported data. 

However, as described in Jennifer Chin’s thesis (2013), preterm infants gain approximately 5g 

of fat a day while in the neonatal unit. It is likely that Dr. Brennan’s infant cohort weighed less 

and was born earlier than infants in previously reported studies. In my study, the body fat 

percentage of infants born <32 weeks at approximately 35 weeks post menstrual age was 

12.7±4.1%. This finding is almost identical to Dr. Brennan’s result. The age of the infant is an 

important variable when considering body fat percentage. In multivariate analysis, increasing 

gestation had a negative effect on body fat percentage. The more preterm an infant was at 

birth, the higher the body fat percentage was by the time they reached 35 weeks corrected 
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gestational age. Body composition measurement using the PEA POD takes only a few minutes. 

An infant can be measured once they can tolerate approximately 2 minutes without 

respiratory support and infusions. It would be possible to monitor the body composition of the 

preterm infant during their hospital stay and use the measurements as an aid in nutritional 

planning for these infants.  

While preterm males were heavier than preterm females at approximately 35 weeks gestation, 

there was no difference in body fat percentage between them (9.1±5.1% and 10.3±4.5%, 

p=0.132). This is contrary to the finding found in term infants. Does preterm birth adversely 

affect acquisition of adipose tissue in female infants or does it cause male infants to 

excessively gain body fat? 

Receipt of exclusive breast milk or formula milk did not affect preterm infant or body 

composition at 35 weeks post menstrual age. Infants receiving mixed feeding tended to have 

lower body fat percentage, but this may reflect the indication for mixed feeds rather than 

being a cause. Receipt of breast milk was not a significant variable in multivariate analysis of 

weight or body fat percentage at 35 weeks corrected gestational age.  

Similar to the findings in preterm infants, maternal body mass index had a statistically 

significant, but clinically insignificant effect on body fat percentage at 35 weeks corrected 

gestational age. For each unit increase in maternal body mass index preterm infant body fat 

percentage at 35 weeks increased by 0.13%, which is similar to what is observed in the term 

infant population. 

4.4 The preterm infant at term corrected age 

Studies using magnetic resonance imaging, dual-energy X-ray absorptiometry and air 

displacement plethysmography have all be used to describe the body composition of the 
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preterm infant at term. Studies using air displacement plethysmography have consistently 

shown higher body fat percentage in infants born preterm compared with term born infants.  

My cohort of preterm infants born <37 weeks gestation had a weight at term corrected age of 

3.14±0.58kg (n=174) and a body fat percentage of 15.3±4.7% (n=130). This is similar to the 

value reported by Roggero et al (2009), however this study only included infants <1500g and 

more than half the cohort were small for gestational age at birth. In my cohort only 17% of 

preterm infants were small for gestational age. Their weight at term corrected age was 

significantly less than appropriate for gestational age infants; however the difference in body 

fat percentage was not. Infants born <32 weeks gestation weighed a mean of 3.12±0.49kg and 

had a body fat percentage of 17.4±4.7%. This is more similar to the data reported by McLeod 

et al (2009). Infants born 32-37 weeks weighed a very similar 3.16±0.64kg with a significant 

reduction in body fat percentage (13.8±4.2%). This is a similar value to the one reported by 

Olhager and Tomqvist (2014) for late preterm infant 32-37 weeks (12.3±4.9%, n=29). A 

strength of my study is the inclusion of a relatively large group of late preterm infants (n=115). 

However these late preterm infants were eligible for recruitment only if admitted to the 

neonatal unit, reflecting a group of late preterm infants that had medical and nursing needs 

that could not be met with routine care on the postnatal ward. 

One study has previously been commented upon the lack of gender difference in body fat 

percentage in preterm infants (Simon et al 2013). At term corrected age in my cohort male 

preterm infants weighed a mean of 3.19±0.62kg with a body fat percentage of 14.9±4.7% and 

female infants weighed 3.10±0.54kg with a body fat percentage of 15.7±4.8%. This is similar to 

the body fat percentage findings at 35 weeks CGA. Multivariate analysis demonstrated no 

effect of gender on weight or body fat percentage at term corrected age. This is despite male 

infants being heavier at 35 weeks CGA. It would appear that males infant do not initially gain 
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weight as they would be expected to do and preferentially gain body fat rather than fat free 

mass.  

39 (22.7%) infants were receiving exclusive breast milk at term corrected age. There was no 

difference in weight and body composition between infants who were receiving exclusive 

breast milk or exclusive formula milk. Infants who were receiving both breast milk and formula 

milk were heavier but not more adipose than exclusively formula fed infants. 37% of preterm 

infants were receiving exclusive breast milk at discharge from hospital. Infants who were 

feeding exclusively on breast milk at hospital discharge had approximately 2.0% more body fat 

than infants receiving formula only at term corrected age. However this variable was not 

significant in multivariate analysis. Often mothers of the most preterm infants are encouraged 

to express breast milk more than others. The more preterm infants tended to have higher 

body fat percentage at term corrected age, so this could explain the apparent effect of breast 

milk on the body composition of the preterm infant. A weakness of my study is the lack of 

detail concerning macronutrients in particular protein received by the preterm infants during 

hospital admission. Protein deficit has been linked to poorer accretion of fat free mass and 

relative increase in fat mass in preterm infants (Ramel et al 2011, Brennan 2013). Similarly 

length of time receiving parenteral nutrition has been suggested as having a significant 

influence on preterm infant body composition term (Meyers et al 2013). However multivariate 

analysis in Meyers’ study found that gestational age at birth and time to regain birth weight 

were significant, not length of time on parenteral nutrition. This data is not available for my 

infants and would have been difficult to achieve without the support of a neonatal dietician.  

Preterm infant weight at term corrected was positively affected corrected gestation at 

measurement and weight at 35 weeks CGA. Weight at term was not affected by maternal 

factors such as body mass index, smoking and gestational diabetes. Infant weight at term 

corrected age was the variable with the largest affect size on body fat percentage at term 
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corrected age. Weight at 35 weeks CGA had a negative effect on body fat percentage probably 

explained by the fact that healthier, heavier babies tended gain higher lean body mass and 

lower body fat than smaller sicker infants. There was a positive link between infant body fat 

percentage at discharge and body fat percentage at term corrected age. For each percentage 

increase in pre-discharge body fat percentage, body fat percentage at term corrected age 

increased by approximately 0.4% (p<0.001).   

4.5 Comparison of preterm and term infants at term corrected age 

The meta-analysis by Johnson et al (2012) concluded that the preterm infant at term had a 6% 

higher body composition than infants born at term. This paper included air displacement 

plethysmography data from 130 preterm and 101 term infants. A subsequent study (Simon et 

al 2013) included data from 180 preterm infants born <34 weeks and 46 term infants on day 3 

of life. My study includes weight data from 195 preterm infants at term corrected age and 652 

term infants. Body composition data was available for 130 preterm infants (born <37 weeks, 

mean birth gestation 32.4±3.2 weeks) at term and 374 term infants within the first 72 hours of 

life. In my study preterm infants weighed 3.13±0.58kg with a body fat percentage of 15.0±4.8% 

at term corrected age and term infants weighed 3.38±0.50 with a body fat percentage of 

10.6±4.5% when measured within 72 hours of life. This data on a large numbers of infants adds 

significant weight to the published research in this area. Many studies have focused on infants 

born <32 weeks gestation. My preterm group included weight data from 75 infants and body 

composition data on 53 infants born <32 weeks gestation. While the weight of preterm infants 

was similar at term corrected age whether the infant was born <32 weeks or between 32-37 

weeks, infants born <32 weeks had a higher body fat percentage than later preterm infants 

(17.4±4.7% and 13.8±4.3%). I was unable to find another study that directly compared very 

preterm infants with late preterm infants and term born infants.  
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While term female infants have a mean of approximately 2% more body fat than term male 

infants, this is not the case for preterm infants. This has been described in two other studies 

(Roggero 2009 and Simon 2013) as well as my data. Preterm birth appears to accelerate fat 

accretion in preterm male infants. 

Similar to the findings of Gianni et al (2009) small for gestational age preterm infants (n=25) 

were similar in weight at term corrected age but had almost double the body fat percentage of 

the small for gestational age term infants (n=25) shortly after birth (2.68±0.49kg and 

13.8±5.7% vs 2.64±0.32 and 6.5±3.5% respectively). It would appear that preterm small for 

gestational age infants have disproportionate levels of fat and fat free mass.   

4.6 The preterm infant at six weeks corrected gestational age 

Weight data was available for 163 preterm infants and body composition data available for 

100 preterm infants at 6 weeks corrected gestational age (6.3±1.4 weeks post term). Mean 

weight was 4.80±0.73kg. Mean body fat percentage was 21±4.8%. This was similar to the 

results in Dr. Brennan’s study (2013) of preterm infants who were measured at a mean 7.8±1.4 

weeks post term. Mean weight and body fat percentage were 4.681±0.737kg and 23.1±5.0% 

respectively. For the first time, in my cohort, no difference in weight or body fat percentage 

was measured between infants who were born <32 weeks and 32-37 weeks (4.61±0.70kg, 

20.8±4.3% and 4.68±0.80kg, 21.2±5.2% respectively).   

Preterm male infants were now heavier than preterm female infants (4.80±0.73kg and 

4.51±0.76kg respectively) but body fat percentages remained similar (males = 21±4.6%, 

females = 21.1±5.1). The expected gender differences seen in term infants have not yet 

become apparent in preterm infants.  

By six weeks corrected age all but 27 (16.8%) preterm infants in my cohort were exclusively 

feeding on formula, with no difference between breast-fed, formula-fed and mixed feeding 
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groups. However multivariate analysis did show a significant positive effect (+0.9% body fat) of 

receipt of breast milk at 35 weeks corrected age (p<0.001). 

Small for gestational age (SGA) infants remained lighter at 6 weeks corrected age than 

appropriate for gestational age and large for gestational age infants. LGA infants remained 

heavier than AGA infants. However SGA and AGA preterm infants have almost identical body 

fat percentage (20.2±4.8% and 20.8±4.8% respectively), with only LGA infants having higher 

body fat percentage (25.8±2.8%). Only 6 LGA infants had body composition measurements 

performed, so it would be unwise to draw too many conclusions from this result.  

Factors affecting weight at six weeks were weight at TCA, gender, age at measurement and 

weight at TCA. This show the importance of early nutrition and weight gain on the preterm 

infant. Gender was shown to have an effect on preterm infant weight at six weeks. This has not 

been shown up until this point. Does it take time for the effect of gender to kick in after 

preterm birth? The effect of gender was not significant when it comes to body fat percentage. 

Receipt of breast milk at 35 weeks CGA and weight at 6 weeks CGA were the only factors 

affecting preterm infant body fat percentage at 6 weeks CGA.  

4.7 Comparison of preterm and term infants at six weeks corrected age 

In my cohort, I do not have term data with which to compare the preterm infant’s results at six 

weeks corrected gestational age. In her thesis, Dr. Brennan compared her results to the 

findings of the Baseline cohort of singleton term infants. Over 900 term infants were measured 

at 9.4±1.19 weeks of age. Weight and body composition was 5.490±0.670kg and 21.9±4.3% 

respectively. Carberry et al (2010) reported body fat percentage at six weeks of age as 

19.1±4.61% in males (n=25) and 21.84±4.20% in females (n=20). Fields et al (2011) reported 

body fat percentage at 2 months of age of 22.7±4.29% in males (n=68) and 24.03±3.67% in 

females (n=60). While my preterm cohort was lighter than term infants, the body fat 

percentage was similar. Are the early changes in preterm infant’s body composition a response 
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to stress or starvation? Or is it that without frequent weighing and regular medical, nursing 

and dietetic support that weight gain falters? And what happens at four months corrected 

gestational age? 

4.8 The preterm infant at four months corrected gestational age 

Weight measurements were available for 130 preterm infants at 4 months corrected 

gestational age (mean weight 6.48±1.02kg). 66 infants had anthropometry and 43 infants had 

body composition measurements performed. 14 preterm infants weighed >8kg and 2 infants 

were too long to be measured at this time point. This represented 24% of the cohort that was 

measured at 4 months. It could be that body fat percentage in this cohort of preterm infants 

was underestimated. 

When designing the preterm arm of the study, it was planned to see the infant at scheduled 

out-patient appointments so as to alleviate the burden of extra hospital visits on the family. In 

retrospect, it would have been better to separate the two appointments. It meant that 

preterm infants who had been discharged from clinic were not seen at 4 months corrected 

gestational age and infants who were having follow-up in their local hospital were not seen. 

Also if clinics were rearranged or cancelled sometimes the infant was too old or young to be 

measured at the study timepoints. There was also an opinion voiced by some parents that the 

medical appointment had made their baby tired and that they did not wish for their baby to 

have any more procedures that day. Some parents attended for clinic appointment, but went 

home afterwards, rather than come for measurements. These are all factors that I would take 

into account when designing future studies. 

 Male infants were heavier at this time point, but not more adipose (males 6.84±1.03kg, 

22.2±4.9% and females 6.20±0.92kg, 22.8±.8%). This is similar to what was observed at six 

weeks corrected gestational age. In a cohort of appropriately grown preterm infants (n=26), 

Ramel et al (2008a) report a preterm body fat percentage at 13-18 weeks corrected 
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gestational age of 27.74% (SE1.74). This is a higher value than I have reported. This could be 

for a number of reasons. The initial study results of Ramel’s cohort described above reported a 

mean body fat percentage at term corrected age of 18.69% (SE 0.79). This is higher than what I 

have described for the preterm infant at term. This could be because only appropriately grown 

infants were included. As I have mentioned previously, term body fat percentage has a 

significant positive effect on body fat percentage at four months corrected age, so it could be 

that these infants were more adipose to begin with, hence the higher body fat percentage at 

four months corrected gestational age. In my cohort only 11.6% of infants continued to breast 

feed, while 30% of Ramel’s cohort did so. Maternal body mass index was similar in Ramel’s 

study and my cohort. Roggero et al (2008b) report a body fat percentage of 23.6% at 3 months 

corrected gestational age in infants born <1500g. This is more similar to the value I measured. 

In my cohort, infants born <32 weeks were similar in weight and body fat percentage when 

compared with infants born 32-37 weeks at four months corrected age (6.41±0.98 and 

21.8±4.4% vs 6.55±1.05 and 23.3±5.7% respectively). I have not found this comparison 

reported elsewhere. Differences in body fat that were apparent at term corrected age were no 

longer apparent.  

Preterm infants who were born small for gestational age continued to weigh less than 

appropriate for gestational age preterm infants, however their body fat percentage was 

comparable (5.95±0.71 and 22.7±3.9% vs 6.51±0.98kg and 22.5±5.7%). By the time they 

reached four months corrected gestational preterm small for gestational age infants weighed 

nearly 0.6kg less than appropriate for gestational age preterm infants and almost one kilogram 

less than the mean for the term cohort. Despite the lack of discrepancy in body composition, 

this displays a remarkable lack of catch up growth for these infants and highlights the need for 

rigorous nutritional follow-up in these infants. 

4.9 Comparison of preterm and term infants at four months corrected gestational age 
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In my study data for weight at four months corrected gestational age was available for 130 

preterm and 460 term infants. Mean weight for preterm infants was 6.48±1.02 and for term 

infants was 6.90±0.89kg. Mean body fat percentage was 22.5±5.1% for preterm infants (n=43) 

and 24.0±4.8% for term infants (n=248). While preterm infants remained lighter, there was no 

body composition difference observed. As stated previously, 24% of the preterm infant cohort 

was too large for the PEA POD at four months corrected gestational age. Over 16% of the term 

cohort was too large for the PEA POD at four months of age. This is a difficultly with the 

technology, which has been remedied by the makers of the device by adapting the machine to 

allow measurement of infants up to 10kg, but this was not available to me at the time. More 

term infants were being breast fed at four months than preterm infants (>30% vs 12%). This 

would be low compared to international standards, but is comparable to other Irish reported 

breast-feeding rates for term infants. Using DEXA scanning Fusch et al (1999b) reported that 

term infants were heavier, with higher body fat percentage by 26 weeks of age than preterm 

infants at four months corrected gestational age. Ramel et al (2008a) reported term 

appropriate for gestational infant body fat as 23.9%, a number which is almost identical to my 

term cohort. It would appear therefore that early increased body fat percentage described in 

preterm infants is not the case by four months CGA. In fact, preterm infants remained lighter 

than term infants at four months CGA, with lower fat mass and fat free mass, with small for 

gestational age infants most at risk.  

It is important to remember the heterogeneous nature of the preterm population. Studies 

including my own include infants from 24 to 36+6 weeks gestation and a wide range of birth 

weights. Feeding practices differ in the reported studies. In my cohort, growth restricted 

preterm infants <32 weeks gestation received trophic feeds of breast milk at 20ml/kg/day for 3 

days, followed by an increase of 20-30ml/kg/day thereafter and appropriate for gestational 

age infants increased feeds by 20-30ml/kg/day from day 1.Practices were more variable in late 

preterm infants, with more use of preterm formula in this group. In Roggero’s (2008a) study 
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infants were fed on trophic feeds for two weeks before increasing feeds and were fed on 

preterm formula post discharge. Post-discharge nutrition was variable in my cohort. Some 

preterm breast fed infants received breast milk fortifier post discharge. Preterm infants who 

were not receiving breast milk received post discharge preterm formula until they were above 

the 9th centile for their corrected age or 4 months corrected age. The practice of switching to 

first infant milk formula was variable from clinician to clinician. As reported by Roggero’s group 

(2008b), infants receiving >3g/kg/day of protein post discharge had higher lean body mass at 3 

months corrected age. Again the lack of accurate information on post discharge nutrition of 

the preterm infant is highlighted. If I were designing a new study, I would involve nutrition and 

dietetic support including analysis of breast milk to accurately measure the complex 

relationship between nutrition and growth of the preterm infant. It is important to note, 

however, that despite contrasts in infant population and feeding practices the pattern of 

increased adiposity of the preterm at term, with comparable body fat percentage to term 

infants in early infancy has been documented in a number of studies. 

My study has focused on changes in weight and body composition in preterm and term infants 

in early infancy. It would appear that early increased adiposity in preterm infants has reversed 

by four months corrected gestational age, with lower weight than that seen in term infants. 

What is the mechanism behind this finding? It is that the preterm infant’s initial response to 

starvation and stress is to preferentially store fat prior to fat free mass accretion? Techniques 

such as air displacement plethysmography and perhaps ultrasound are suitable for 

longitudinal, real time measurement of body composition for preterm infants in the special 

care baby unit. Once the infant can tolerate approximately 2 minutes off oxygen support and 

intravenous therapy, the measurement can be performed. This information, as well as real 

time nutritional data has the potential to further improve the nutrition of the preterm infant. 

While it has been recognized that improved weight gain in the preterm infant leads to better 

neurodevelopmental outcome, there is also a fear of over nutrition leading to adverse 
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cardiovascular outcomes. I do not think we have found the balance as of yet. Preterm infants 

continued to have a weight below what would be expected of a term infant from term 

corrected age to 4 months corrected gestational age. This was despite having similar body fat 

percentage. It is very interesting to see that late preterm infants are similarly affected. 

Traditionally this is a group who do not have nutritional follow up in the absence of specific 

feeding difficulties. There are many questions which remain unanswered and require further 

study. Breast feeding has been shown to be protective against lifelong risk of obesity and to 

have a positive effect on neurodevelopment and IQ. Very few mothers of preterm infants 

continued to breast feed at 4 months CGA. Difficulties with maintaining supply if expressing 

milk for long periods of time, parental worry about weight gain and the necessity for mothers 

to return to work after maternity level may all impact on this. Additional efforts should be 

directed towards initiation and maintenance of breast feeding prior to and beyond discharge 

home. If an infant is formula feeding, the decision to use a preterm or a term formula and the 

timing of the switch warrants further exploration. 

Follow up in my study was relatively short. There is evidence that preterm infants remain 

lighter and small into childhood and adulthood (Huke et al 2013, Gianni et al 2015), with 

effects on adiposity and cardiovascular function (Gianni et al 2015, Vasylyeva et al 2011, 

Kerhof et al 2012, Skilton et al 2011) and even altered epigenetics (Cruickshank et al 2013). 

Longitudinal measurement of body composition from birth into childhood and adulthood using 

air displacement plethysmography is now achievable and would improve the health 

surveillance in our preterm and term population.  

Chapter 5. Conclusions 

Term infant body fat percentage doubles in the first four months of life. It would make sense 

therefore that this is a crucial nutritional window. Infants who were receiving at least some 

breast milk at 4 months of age had marginally higher body fat percentage than formula fed 
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infants. Formula milk has a protein content which is higher than breast milk. It should be that 

the breast feeding infant body fat percentage is used as the reference group for longitudinal 

studies. Continued efforts should be invested in initiation and maintenance of breast feeding. 

It should also be remembered that not all heavy infants are fat and vice versa. Now that the 

technology is available, it is possible to follow infants into later life to examine the effect of 

increased neonatal adiposity. 

Maternal overweight and obesity has been blamed for macrosomia in the neonate. In my 

study maternal body mass index had a very small effect on infant birth weight and neonatal 

body fat percentage, but had no effect on infant weight or body fat percentage at four 

months. While maternal overweight and obesity does have implications for the women’s own 

health and there is evidence that having overweight parents leads to children being 

overweight, it would appear that this is not the case in the first four months of life. This means 

that there is a lifestyle intervention window in the immediate postnatal period that could have 

a positive effect on the health of the mother and infant e.g. initiation and maintenance of 

breast feeding. Maternal gestational diabetes increased birth weight and smoking decreased 

birth weight but neither had an effect on body fat percentage. Further studies of body fat 

percentage in infants of gestational diabetic mothers should further explore this.  

Gender plays a large role in early infant weight and body composition. It should always be 

considered as a crucial independent variable when analysing data of this type. Given that we 

now know the dangers of rapid early growth and conversely that infants who grow poorly in 

early life are more likely to have neurodevelopmental delay, it is difficult to find the correct 

balance for SGA infants. In my study SGA infants remained smaller and less adipose at 4 

months CGA. We do not yet have the answers for this group, however now that body 

composition can be performed longitudinally, it is likely that these answers will be 

forthcoming. Large for gestational age infants and appropriate for gestational age infants had 
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similar body fat percentages at four months of age, demonstrating that heavy babies are not 

necessarily fat babies.  

Preterm infants have previously been reported to have higher body fat percentage at term 

corrected age, thus leading to concerns of excessive nutrition in this group. In my study 

preterm infants went from higher body fat percentage at term corrected age to having a low 

normal body fat percentage at 6 weeks and 4 months CGA. They also remained lighter and 

shorter. Interestingly, the late preterm group which has not been well studied behaved much 

more like the preterm infant group in my study rather than the term infant group. Breast 

feeding rates beyond term corrected age was low in the preterm group. Further support of 

transitioning from expressing milk to initiation and maintenance of breast feeding is required 

for mothers of preterm infants. Despite many years of work in this area, further study of 

longitudinal growth, body composition and nutrition is indicated in this group. Real time 

nutritional modification could prove helpful in preterm infants, but also close nutritional follow 

up post discharge is important. 

The gender difference in body composition which was observed in term infants was not 

apparent in preterm infants. Male preterm infants have disproportionate body composition in 

the first few months of life. Further exploration of this in childhood and adulthood is 

warranted, including measures of metabolic health and cardiovascular function in relation to 

these findings.  
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7.3 Parent information leaflet and consent forms 

The Coombe Child Development Study 

Body composition in pregnancy and infants (BIPkids) Information leaflet 

Congratulations on your new arrival!  The team at the Coombe Women and Infants University 

Hospital is committed to the best possible care for you and your baby. We know how important 

nutrition is for a healthy pregnancy and a healthy baby. You can help us find out more by your 

involvement in this research study which is run in association with Trinity College, Dublin (TCD) 

and University College Dublin (UCD) in conjunction with Dublin Institute of Technology (DIT). 

We have been monitoring your baby’s growth regularly while you were pregnant.  We also 

routinely monitor weight gain in babies and children. This study offers your baby the opportunity 

to have his or her weight and growth assessed a Paediatrician at the Coombe Hospital at 4 

months and 9 months of age as well as at birth. 
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Weight gain is a crude measurement of body composition. Body composition refers to how 

much muscle, water and fat we contain. In the Coombe Women and Infants University Hospital 

we have the facility to perform body composition measurements for your baby. 

Height and body composition of mothers and fathers will be also measured in the study to 

explore the influence of the parents’ size on the baby’s size at birth and during infancy. We will 

also collect information about your nutrition and the baby’s nutrition. Urine samples will be 

requested from you and your baby as part of the nutritional assessment. 

Procedure: 

You and your baby will have 3 appointments with the research team in the first year of life. The 

first will be shortly after birth, followed by an appointment at 4 and 9 months. The first 

assessment of your baby will usually be before you go home after delivery. At 4 and 9 months 

you and your baby will be invited to return for a comprehensive review in the Coombe Women 

and Infants University Hospital.  

Your baby will be seen and examined by a Paediatrician. You and your baby’s body composition 

will be measured.  Information regarding you and your baby’s diet will be collected. A urine 

sample will be requested from you and your baby as part of nutritional assessment.    

Benefits: 

You and your baby will benefit from more intensive follow-up as a result of being involved with 

this study.  Your baby’s growth and body composition will be monitored more closely. In the 

event of the research team diagnosing any medical problems in you or your baby, you will be 

referred to the appropriate healthcare professional.  Information from this study will provide 

unique insight into the growth of babies before and after birth as well as how this is influenced 

by their parents. We will use the information collected in this study to improve our quality of 

service.  

All procedures involved in this study are safe for your baby. You baby will be supervised by a 

Paediatric doctor during the appointment.  

Confidentiality: 

As is consistent throughout the hospital, all information will remain confidential. Neither your 

name nor your baby’s name will be published or disclosed to anyone outside the hospital. 

Voluntary participation:  

You are being asked for voluntary consent for you and your baby to participate in this study. If 

you decide not to participate it will not have any effect on your or your baby’s medical care. If 

you do give consent you are still free to withdraw from the study at any time. You do not have 

to give a reason. You will be asked if we can contact you in the future for further follow-up. You 

do not have to give consent to be contacted in the future.  

Permission: 
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This study has been approved by the Coombe Women and Infants University Hospital Research 

Committee. 

Research team: 

Obstetrics: 

Dr. Amy O’Higgins 

Prof. Michael Turner 

Paediatrics:  

Dr. Anne Doolan 01 4085200 or adoolan@coombe.ie 

Dr. Margaret Sheridan-Pereira 

 

 

 

 

 

 

 

 

 

Consent Form 

 

I have read the information leaflet and had all my questions answered for me 

I consent for my baby and I to be included in the study 

I understand that I can withdraw consent at any time 

I consent to the researchers accessing medical notes for the purpose of this study 

I consent for my/my baby’s data to be used for the purposes of the study 

I consent for my/my baby’s urine to be analysed for the purposes of the study   

I consent to be contacted in the future with regards to follow-up  

 

 

 

 

 

 

 

 

mailto:adoolan@coombe.ie
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Name of baby:_______________________________________ 

Name of mother:_____________________________________ 

Signature of mother:__________________________________ 

Date:_______________________________________________ 

Name of father:______________________________________ 

Signature of father:___________________________________ 

Date:_______________________________________________ 

Name of researcher:__________________________________ 

Signature of researcher:_______________________________ 

Date:_______________________________________________ 

 
 
 
 
 
 
 
 
 
 
 
 
 

Parent information leaflet 
 

PREFAB (Preterm Fat and Biomedical outcomes) 
 

Growth, body composition and cardiovascular outcomes in the preterm infant in 
early infancy 

 
Coombe Women and Infants University Hospital 

 
Introduction 
 
Meeting the nutritional needs of babies who are born early can be challenging. 
babies who are born prematurely need even more calories to grow than babies 
born at full term. In the early days they may be unwell and not able to tolerate 
milk feeds. Even when they are more stable feeds need to be increased slowly 
because their gut is immature. If they develop conditions such as necrotising 
enterocolitis (nec) they are unable to feed for a period of time. We carefully 
monitor growth by regular weighing and measurement of their head 
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circumference and length. We are interested in finding out more about how 
premature babies grow. 
 
The PEA POD is a machine which safely measures body fat in babies. The 
measurement takes 2 minutes. It gives us better information about the body 
composition of your baby i.e. if the weight your baby is putting on is fat or 
muscle.  
 
Procedures 
 
We are asking for your consent for your baby to be included in the study because he 
or she was born prior to 37 weeks gestation. Your baby will have 3 or 4 appointments 
in total. The first will be when he or she is approximately 35 weeks gestation. This 
will be performed prior to discharge. The next appointment will be scheduled for their 
outpatient clinic check at term. Their 2 further appointments will coincide with routine 
clinical checks at 6 weeks corrected age and 4 months corrected age. 
 
Weekly weight, head circumference and length will be measured in all infants as is 
practise within the neonatal unit. After discharge these will be measured when you 
come to clinic with your baby. 
 
Your baby will have their total body fat measured by the PEA POD machine on all 3 
occasions. 
 
 
Benefits 
Participation in the study has no direct clinical benefit for your baby. It may 
provide us with information that could be beneficial in nutrition of premature 
babies in the future. 
 
 
 
Risks 
Being involved in the study has no direct risk to your baby. Your baby will be 
under observation at all times during the appointment.  
 
Exclusion criteria 
To be involved in the study, you must be able to attend your appointments at 
the Coombe. 
 
Confidentiality 
Your identity will remain confidential. Neither your name nor you baby’s name 
will be published or disclosed to anyone outside the hospital. 
 
Compensation 
Your doctors are covered by standard clinical indemnity. Nothing in this 
document restricts or curtails your rights. 
 
Voluntary participation 
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You are being asked for voluntary consent for your baby to participate in this 
study. If you decide not to allow your baby to participate it will not have any 
effect on your baby’s medical care.  
If you give do consent you may withdraw it at any time. You do not have to give 
a reason. This will not have any effect on your baby’s medical care. 
 
Stopping the study 
Your baby’s doctor may stop his/her participation in the study at any time 
without your consent. 
 
Permission 
This study has been approved by the Coombe Women and Infants University 
Hospital Research Committee.  
 
Further Information 
You can get more information about the study from Dr. Anne Doolan who can 
be contacted at (01) 4085200 or adoolan@coombe.ie 

mailto:adoolan@coombe.ie
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PREFAB (Preterm Fat and Biomedical outcomes) 
 

Growth, body composition and cardiovascular outcomes in the preterm infant in early 
infancy 

 
Consent Form 

 
This study and this consent form have been explained to me. My doctor has 
answered all my questions to my satisfaction. I believe I understand what will 
happen if I allow my baby to be part of the study.  
 
I have read the consent form. I freely and voluntarily agree for my baby to be part 
of this research study, though without prejudice to my legal and ethical rights. I 
have received a copy of this agreement.  
 
Baby’s name: _____________________________________ 
 
Parent’s name: ____________________________________ 
 
Parent’s signature: _________________________________ 
 
Date: ____________________________________________ 
 
Statement of investigator’s responsibility: 
I have explained the nature, purpose, procedures, benefits, risks of, or alternatives 
to this research study. I have offered to answer any questions and fully answered 
such questions. I believe that the parent understands my explanation and has 
freely given informed consent.   
 
Physician’s name: ________________________________ 
 
Physician’s signature: _____________________________ 
 
Date: ___________________________________________ 
 
 

 

 


