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ABSTRACT 

 

Epidemiological studies demonstrate that in utero growth restriction and low birth weight are 

associated with impaired lung function and increased respiratory morbidity from infancy, throughout 

childhood and into adulthood.  Chronic restriction of nutrients and/or oxygen during late pregnancy 

causes abnormalities in the airways and lungs of off-spring, including fewer numbers of enlarged 

alveoli with thicker septal walls and basement membranes.  The structural abnormalities and impaired 

lung function seen soon after birth persist or even progress with age.  These changes are likely to 

cause lung symptomology through life and hasten lung aging. 
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Introduction (heading level A) 
 

Next to preterm delivery, intrauterine growth restriction (IUGR) is one of the most important causes of 

perinatal morbidity and mortality1.  In its simplest form, IUGR occurs when the growth restriction is 

pathologic (ie not constitutional), indicating that the fetus has failed to achieve its full growth potential1.  

Most commonly, IUGR results in an infant that is small for gestational age (SGA) with a birth weight 

less than the 10th centile at birth.  However, as birth weight for any given gestation is largely normally 

distributed, an infant can be SGA without also having IUGR, whilst a small number of IUGR infants 

may have birth weights above the 10th centile, and therefore not be classified as SGA.  The term low 

birth weight (LBW), which refers to any infant with a birth weight less than 2500 g, is often used 

erroneously as a proxy for IUGR as this classification does not adjust for maturation and is 

predominantly populated by infants with appropriate growth for gestation.  The confusion between 

these three terms confounds the interpretation of the literature.  The calculation of customised centile 

calculators that consider maternal height, weight, ethnicity and parity and the fetal sex (eg 

http://www.gestation.net/birth weight_centiles/birth weight_centiles.htm)2, can improve distinction of 

true IUGR from the constitutionally small infant. 

 

IUGR is often described as symmetric or asymmetric; whereas the whole body of an infant with 

symmetric IUGR is proportionately small, the infant with asymmetric IUGR preserves growth of critical 

organs, such as the brain and the heart, at the expense of liver, gut and fat.  Asymmetric IUGR 

implies impaired nutrition and affected infants have substantially lower centiles for weight, length and 

body mass index compared to the proportions of the head.  However, the distinction between 

asymmetric and symmetric IUGR may be less clear as arguments that symmetric IUGR represents 

both an early3 and late form of asymmetric IUGR are proposed.  The etiologic basis of IUGR may 

have maternal, placental, fetal or environmental origins (or a combination of any of these), as detailed 

in Figure 1.  Approximately 80-90% of all cases of IUGR amenable to preventive and therapeutic 

management involve impaired transplacental supply of oxygen and nutrients to the fetus4.  Pregnancy 

induced hypertension and its associated pathological uteroplacental circulation is the single most 

contributory factor to the development of IUGR3, whereas maternal smoking accounts for up to 40% 

of IUGR in developed countries5. 

  

http://www.gestation.net/birthweight_centiles/birthweight_centiles.htm


Interest in the long term effects of IUGR has gained momentum in recent years: signals related to 

poor placental nutrient transfer during critical periods of fetal development may promote adaptations 

to reduced nutrient transfer that are beneficial in the short term but which may lead to alterations of 

structure or function with adverse long term consequences.  This process of ‘programming’6 is 

recognised as an important means by which perinatal events and the in utero environment contribute 

to disease susceptibility in later life. 

 

Lung development occurs in several distinct stages: embryonic, pseudoglandular, canalicular, 

saccular and alveolar phases7.  Impaired fetal nutrient and oxygen availability can impact on any of 

these phases, potentially affecting long term lung function and respiratory morbidity.  Placental 

insufficiency primarily occurs in late pregnancy in parallel with acinar and alveolar development: IUGR 

will thus most likely affect the structure and function of the distal lung. 

 

This review examines the effects of nutritional and oxygen restriction on lung development in utero.  It 

considers epidemiological evidence suggesting changes in lung development not only impact on lung 

function and respiratory disease in early life, but also cause effects into late adulthood.  Data from in 

vivo animal models support and explain the observational studies. 

 

Effects of IUGR on Lung Development (heading level A) 

 

Much of our understanding of the effects of IUGR on lung development has arisen from studies using 

animal models.  Most animal models of IUGR have restricted fetal growth using a nutritional approach 

(limitation of maternal energy and/or protein intake), interference with placental function and uterine 

blood flow (embolectomy), or placental insufficiency resulting from pre-conception carunclectomy, 

arterial ligation or chronic hypoxia8.  Other models have included exposure to tobacco smoke, late-

gestation ischemia/reperfusion, partial nephrectomy, and repeat antenatal corticosteroids8.  The 

pathophysiology and phenotype of the abnormalities in lung development resulting from these insults 

may vary according to species, timing, chronicity and intensity of the relevant exposure/insult, as well 

as analytical techniques9.  Nonetheless, these studies largely confirm that normal lung development is 

critically dependent on the presence of appropriate oxygen tensions and nutrition10 and that IUGR is 



associated with persisting or developing abnormalities of structure and function in both the airways 

and parenchyma. 

 

Lung Parenchyma (heading level B) 

 

Impairment of fetal nutrition and oxygenation, as frequently occurs in association with IUGR, has 

wide-ranging effects on cellular and molecular events in the developing lung.  These effects include 

reduced surfactant content/activity11, 12, impaired Type II alveolar cell maturation13, reduced alveolar 

cell formation9, 14, diminished alveolar surface area, thickened alveolar walls and air-blood barriers15, 

16, as well as an overall reduction in lung weight, protein and DNA content17. 

 

Reduction in lung DNA content and impaired alveolarisation may arise in part from the diminished 

fetal breathing movements that are associated with IUGR given the known role of these breathing 

movements in maintaining fetal lung expansion and lung growth and development14.  The reduced 

number of alveoli associated with IUGR at birth persists into adulthood, with no evidence of catch up 

in mature sheep14, or rats18.  

 

Prepubertal and adult IUGR animals have increased alveolar size14, 19, caused by enlargement of the 

existing airspaces.  This increase in alveolar volume may be associated with the development of 

emphysema14 and early lung aging.  Although emphysema may arise from abnormal elastin 

expression and deposition, this remains uncertain:  Whereas some have found elastin expression and 

deposition of elastic fibre is reduced in the IUGR rat lung, associated with increased static lung 

compliance at maturity16, 20, Cock found no evidence of similar alterations in elastin in newborn, early 

weanling or adult sheep17.   

  

A study using umbilical-placental embolisation in late gestation, to coincide with saccular and alveolar 

stages of lung development, examined the effects of IUGR in pre-pubertal sheep at 8 weeks19: 

compared to controls, IUGR sheep had fewer alveoli, thicker intra-alveolar septa and persistent 

thickening of the basement membrane. Such changes that are likely to impair gas exchange and alter 

the mechanical properties of the lungs.  It is unknown whether antenatal glucocorticoids rescue this 



pulmonary dysmaturation in the IUGR fetus21.  The abnormal pulmonary development was more 

prominent at 8 weeks than near term, indicating that not only do the lung effects of IUGR persist, but 

they become worse with age.  In a follow-up study into adulthood14, the IUGR group had more 

pronounced abnormalities than at 8 weeks.  Comparisons of septal wall thickness at birth19, 8 weeks19 

and 2 years14, indicate that most changes occurred postnatally due to an accumulation of extracellular 

matrix.  Similar septal wall thickening has been described in mature rats whose mothers were 

nutritionally restricted in pregnancy18.  The reason for the accumulation of extracellular matrix in the 

alveolar septa, and also in the thickened basement membrane, is unknown but several hypotheses 

have been advanced:  The mild neonatal hypoxia associated with IUGR may exert a persistent 

alteration in the metabolic processes within the pulmonary cells; alternatively, increased alveolar wall 

tension during tidal breathing, due to reduced alveoli numbers, may cause an adaptive response of 

extracellular matrix deposition.  Additionally, the increased thickness and cellularity of the pulmonary 

mesenchyme commonly associated with IUGR may result from the increased presence of insulin-like 

growth factor 1 (IGF1)22.  Through binding to its specific tyrosine kinase IGF-1 receptor (IGF1R), IGF1 

initiates intracellular signalling pathways including the Akt (protein kinase B) signalling pathway which 

promotes cell growth and differentiation and inhibits programmed cell death.  Whereas in other 

tissues this process may promote accelerated growth, in the developing lung it represents a 

maladaptive response to the low placental substrate supply.  The transcription factor p53 also has a 

pivotal role in cellular responses to stress, lung mesenchymal thinning via apoptosis, regulation of cell 

cycles and angiogenesis.  The active (phosphorylated) form of p53 (serine-15P) was decreased in the 

distal air space mesenchyme of IUGR rat lungs16.  Messenger RNA of downstream targets of p53 

involved in apoptosis (Bax, Apaf), growth arrest (Gadd45) and angiogenesis (Tsp-1) were decreased 

whilst mRNA for an anti-apoptotic gene normally downregulated by p53 (Bcl-2) was increased.  

 

The effects of IUGR on pulmonary development may be partly mediated by epigenetic mechanisms.  

Epigenetic modifications affect developmental processes by altering gene expression patterns of 

target genes.  In rats, IUGR decreases the transcription factor peroxisome proliferator activated 

receptor gamma (PPARγ), with an associated decrease in a PPARγ downstream target the histone 

methyltransferase enzyme, Setd8, and PPARγ specific histone methylation23.  These changes are 

ameliorated by maternal docosahexaenoic acid (DHA) supplementation; maternal DHA is known to be 



low in pregnancies complicated by IUGR23.  Together, these data suggest a role for PPARγ in IUGR-

induced epigenetic changes in the lung during development and a novel benefit of maternal DHA 

supplementation. 

 

Airways (heading level B) 

 

There are few data concerning the long term effects of IUGR on airway development.  Systematic 

evaluation of airway samples from generation 0 (trachea) to generation 8 (smaller conducting bronchi) 

in sheep with IUGR following late (80% of gestation) umbilical-placental embolization showed no 

effect of IUGR on smooth muscle content but the IUGR group had thinner walls of the larger airways 

with reduced cartilage at birth, suggestive of more collapsible airways24.  However, by 8 weeks after 

birth the airway morphometry was no different to the control group, although the number of bronchial 

submucosal gland profiles was reduced and epithelial mucin area increased in the IUGR group25.  

Tracheas of IUGR fetuses at near term also have thinner mucosal and submucosal layers, in addition 

to decreased epithelial ciliation and decreased mucosal folding26.  

 

Vasculature (heading level B) 

 

An increase in the thickness of the air blood barrier is evident in term gestation lambs born after 

umbilico-placental embolisation27.  Although abnormal pulmonary vascular development and function 

may in part explain increased oxygen requirements and bronchopulmonary dysplasia incidence in 

IUGR preterm infants, there are few studies that have explored this aspect of cardiopulmonary 

development in IUGR fetuses.  A recent investigation showed that pulmonary artery endothelial cells 

from fetal sheep with IUGR due to chronic placental insufficiency have diminished in vitro function and 

reduced signalling through the Akt/eNOS pathway as well as decreased density of the pulmonary 

vessels28.  These data are highly relevant as impaired pulmonary vascular development impedes 

alveolarisation. 

   

Functional consequences of IUGR in the neonatal period (heading level A) 

 



The impact of IUGR on the incidence of neonatal respiratory distress syndrome varies from an 

increased29-31, decreased32 or equivocal33, 34 effect, most probably determined by the duration and 

nature of the insult causing IUGR.  Similar variation in outcome can be observed in animal models. 

 

A key feature of neonatal respiratory distress syndrome is endogenous surfactant deficiency.  Several 

studies showed abnormalities of the surfactant system.  In human infants, placental insufficiency is 

associated with increased lecithin/sphingomyelin ratios in the amniotic fluid, suggestive of accelerated 

lung maturation35, contrasting with lower saturated phosphatidylcholine content of the lungs of 

newborn rat pups11 and guinea pigs12, 36 born to undernourished dams.  Whereas surfactant protein 

synthesis was upregulated in fetal sheep after fetal/maternal hypoxia37, 38, reduced surfactant protein 

and mRNA expression is more often reported in IUGR fetal sheep of carunclectomised ewes39 and 

the hypoxic fetal mouse40.  Hypoxia induced by incubation in 15 % O2 from day 15 in fetal chickens 

increased disaturated phospholipids at day 19 compared to controls, whereas more chronic hypoxia 

extending from day 6 of hypoxia resulted in a borderline decrease in desaturated phospholipid 

content41.  Ultimately, therefore, the effect of hypoxia in IUGR on alveolar surfactant production may 

be modulated by gestation, duration and timing of exposure as well as the availability of surfactant 

substrate11. Interestingly, pulmonary vascular endothelial growth factor, which is expressed in alveolar 

type II cells and a stimulant of surfactant synthesis, is also upregulated by acute hypoxia in the fetal 

chicken41 due to upstream regulation by hypoxia-inducible factor 242. This highlights the key role of 

fetal oxygen tension in regulation of the surfactant system.  PPARγ is a further primary driver of 

adipogenic differentiation in the lung. The alterations in lung structure associated with IUGR 

consequent to maternal food restriction are linked to disturbance of PTHrP/PPARγ signaling between 

alveolar epithelium and mesenchyme18 which appears driven by epigenetic mechanisms in a sex-

dependent manner22. 

  

Long term functional and clinical consequences of IUGR in animal models (heading level A) 

 

The longer-term effects of IUGR on respiratory function and morbidity in later life are not yet fully 

understood.  A small number of studies have characterised the changes in lung function into pre-

puberty and adulthood using animal models.   



  

Growth restriction caused by late gestational umbilical-placental embolisation results in persistent 

impairment of pulmonary function43.  Repeated measurements of the sheep in the 8 weeks following 

birth showed that, in comparison to controls, IUGR resulted in increased minute ventilation, 

decreased pulmonary diffusing capacity, decreased functional residual capacity and total lung 

capacity.  Static lung compliance was reduced and chest wall compliance increased in IUGR lambs, 

but the reason for stiffer lungs was unclear and, of note, surfactant production appeared normal43. 

 

Adult rats demonstrate echocardiographic and histological evidence of pulmonary hypertension 

following in utero hypoxia-induced IUGR44.  This model mimics the hypoxic causes of IUGR such as 

smoking or living at altitude, but may not equate to nutritional causes.  Because of the differences 

between human and rat lung development, the effects of hypoxia at different stages of fetal 

development may differ between species. 

 

Long term cardiorespiratory effects of IUGR in humans (heading level A) 

 

Epidemiological evidence (heading level B) 

 

Ecological studies conducted in the 1980s found that regions of the UK with a high rate of death due 

to coronary heart disease also had high infant mortality45; subsequent investigation identified infants 

with the highest rates of death during infancy were those with the lowest birth weights and surviving 

infants born at low birth weight went on to have the highest risk of cardiovascular disease in 

adulthood46.  These findings were closely followed by the discovery that size at one year was a 

significant predictor of death in adulthood from respiratory causes suggesting that growth restriction 

early in life adversely impacts upon respiratory health47.  Numerous epidemiological studies have 

been conducted with the aims of clarifying the long term respiratory consequences of IUGR. Although 

observational studies are unable to categorically identify individuals whose growth is restricted, in 

many cases low birth weight has been used somewhat imprecisely, as a crude proxy for IUGR. 

Impaired prenatal growth is increasingly believed to be associated with impaired respiratory function 



and poor respiratory health not only immediately after birth but throughout childhood and into 

adulthood48. 

 

Consequences of IUGR for childhood and adult lung function (heading level C) 

 

Observational studies show that within a group of term babies of normal average birth weight, forced 

expiratory flow decreases with decreasing birth weight49 and that respiratory morbidity in early 

childhood is associated with lower infant lung function 50.  These findings suggest that an in utero 

environment less conducive to somatic growth also impairs lung development, with consequences for 

early respiratory health.  Impairment is more pronounced in children who gain weight rapidly after 

birth49, 51, hence rapid postnatal weight gain following low birth weight may indicate mismatch between 

pre- and postnatal nutrient supply and thus identify infants subjected to fetal growth restriction.  

 

Impairments of lung function, specifically reduced expiratory flows52, 53 and hyperreactive airways54, 

are found beyond the period of infancy in children who were of low weight at birth.  Early studies 

generally compared children selected for low absolute birth weight to controls of average birth 

weight53, although some attempted to control for maturational effects by considering term infants 

separately from preterms54 or using weight for gestation z-scores52, and others attempted to identify 

growth restricted fetuses by assessing lung function in children born at significantly lighter birth weight 

than their co-twin52.  More recent studies considered the issue of fetal growth restriction across the full 

range of birth weights. For example, a large study of more than 2000 children aged 5-11 years 

demonstrated that those born at lower weight adjusted using a regression method for gestational age 

had lower than expected values of FEV1, regardless of whether they were born at term or preterm55.  

Persistently impaired lung function following fetal growth restriction is unsurprising given prospective 

cohort studies demonstrated lung function to ‘track’ in individuals followed up from infancy through 

childhood56, 57 and into later life57. 

 

A large, early epidemiological study of British men aged 59-70 years demonstrated reduced FEV1 

standardised with respect to age and height in those born with lower birth weights compared to others 

in this cohort47. Similar results were found in a survey of men and women from southern India58.  



Although in many historical studies gestational age is uncertain, prematurity is unlikely to confound 

these results as survival following preterm birth was low at the time these individuals were born58.  

Moreover, studies in which the association between birth weight and lung function were adjusted for 

gestational age and maternal factors (including height, weight and parity) suggest that growth 

restriction is responsible for this effect59.  More recently, birth weight was positively associated with 

both FVC and FEV1 in a large prospective population-based cohort of men and women aged 31 years 

in Finland.  These findings were independent of adult height, gestation, maternal smoking and 

respiratory disease60.  Similarly, a recent meta-analysis of eight studies exploring the relationship 

between LBW and adult lung function reported an increase in FEV1 of 48 mL per kilogram increase in 

birth weight after adjustments for age, smoking, and height61.  However, although reduced lung 

function in adulthood following fetal growth restriction appears a reasonably robust finding, the extent 

to which ‘catch-up’ growth might compensate for the effects of intrauterine adversity is less clear.  

Whilst early infant lung function studies suggest poorer lung function is associated with rapid early 

growth49, 62, other studies provide evidence of compensation for the effects of fetal growth restriction 

upon lung function measured later in life60, 63, 64. 

 

Consequences of IUGR for childhood and adult respiratory morbidity (heading level C) 

 

Many investigators have sought an association between evidence of fetal growth restriction and 

childhood asthma or wheeze, given both the observed association between birth weight and forced 

expiratory flows and the prominence of airways obstruction in these respiratory disorders.  Whilst 

acknowledging that low birth weight is not synonymous with IUGR and epidemiological techniques are 

limited in their ability to determine to what extent each individual has fulfilled their growth potential, 

birth weight is used by many as a proxy for fetal growth to assess long term respiratory morbidity: an 

association between an increased risk of childhood wheeze and lower birth weight65, 66 has been 

found by some, however, others have found an association with higher birth weight67, and some no 

relationship at all54, 68-70.  Although a recent meta-analysis concluded that an increased risk of asthma 

in childhood or early adult life is associated with higher birth weight71, the conclusions of individual 

studies differed considerably on this point.  Some misclassification of outcome may have occurred in 

this analysis as wheeze outcomes measured at different ages were combined; this may not be valid 



given that the prevalence of the various wheeze phenotypes varies with age72.  Moreover, this meta-

analysis included only those studies dichotomising birth weight as above average or average and did 

not consider the full range of birth weights. 

 

The clinical symptoms recognised as asthma probably arise from a number of related syndromes 

rather than a single illness72, 73.  Although there is considerable overlap between the different 

‘wheezing syndromes’, the early life histories of those children whose symptoms are limited to early 

childhood may differ from those who suffer persistent wheeze, and in particular from those suffering 

wheeze in association with atopy.  The health outcomes of infants demonstrating disproportionate 

growth support a role for restricted fetal growth in the development of an atopic predisposition or 

symptoms of atopic disease.  For example, infants with larger head circumference at birth are at 

increased risk of elevated serum total IgE67,74 and asthma in childhood75 compared to children with 

smaller head circumferences.  Disproportionate head growth may reflect prioritisation of the growth of 

the brain over that of immune tissue such as the thymus under conditions where the nutritional needs 

of the fetus cannot be met.  These findings are not without controversy.  The proposed association 

between disproportionate growth and atopic disease is an inconsistent finding of all epidemiological 

studies; some studies found atopy is associated with higher birth weight76, 77 and length67.  Moreover, 

there is evidence to contradict the proposal that larger head size is associated with decreased thymic 

volume78. 

  

Poor lung function in adulthood is a consistent independent predictor of all-cause mortality and deaths 

due to respiratory and cardiovascular disease79, 80.  This suggests fetal growth restriction may have 

lasting clinical effects with important public health implications.  Studies of young adult conscripts81, 82 

demonstrated an inverse relationship between asthma risk and birth weight and this conclusion was 

recently confirmed by follow-up of individuals from the 1970 British national birth cohort83 and a large 

Swedish twin study84.  Lower weight at birth and in early infancy is also associated with a higher 

standardised mortality from chronic obstructive pulmonary disease47.  These findings have led to the 

proposal that impaired lung growth may lead to chronic airflow obstruction in late adult life through a 

failure to obtain maximal lung function potential as a young adult, even if the subsequent rate of 

decline with age is normal85, 86.  



 

There is also evidence that IUGR is associated with abnormal pulmonary vasculature.  Pulmonary 

arterial branch stenosis is generally considered a transient phenomenon in neonates and young 

infants.  It does however persist beyond a year in a minority of cases, and this persistence is related 

to IUGR but not prematurity87.  IUGR, as measured by ponderal index for gestational age, is also 

associated with an increased incidence and severity of persistent pulmonary hypertension of the 

newborn88. 

  

In summary, in vivo models of IUGR support the epidemiological findings that fetuses subjected to 

impaired nutrition and oxygen have impaired morphological and functional features of lung and 

pulmonary vascular development.  Importantly these changes persist or even develop with increasing 

age. 

 

Conclusions (heading level A) 

 

Epidemiological studies using low birth weight as a proxy for IUGR, demonstrate associations with 

reduced infant lung function and early respiratory morbidity, and also reveal that impaired lung 

function and respiratory disease persist into adulthood.  IUGR can be caused by maternal, placental 

or fetal causes, and it is difficult in epidemiological studies to tease out the relative factors (such as 

tobacco exposure, infections or maternal vascular disease) and whether these are having a direct or 

indirect (affecting the nutrient supply) effect on lung development.  Additionally, uncertainties about 

gestational age at birth confound many, but not all epidemiological studies and future studies should 

aim to separate maturation from IUGR by analysing gestational age and birth weight z-score rather 

than birth weight.  

 

In vivo models of maternal nutrient restriction in later pregnancy have provided important insights into 

the structural and functional implications of IUGR.  These studies show that impaired nutrient and 

oxygen availability to the fetus causes microscopic structural changes which are apparent not only 

soon after birth, but persist in mature lungs.  Fetal nutrition was restricted during the alveolar phase of 

lung development in many studies.  This coincides with the timing when placental insufficiency and 



other causes of IUGR are most likely to occur.  The impact of variations in the timing and severity of 

restriction still need further elucidation.  



PRACTICE POINTS 

 

 Compromise during pregnancy has life-long implications for respiratory health, morbidity and 

mortality in the off-spring.  

 Prevention of fetal compromise through careful monitoring and intervention during pregnancy. 

 Avoidance of preventable causes of IUGR, in particular education and assistance to avoid tobacco 

smoking in pregnancy. 

 Future epidemiological analyses need to carefully separate contribution of gestation and intrauterine 

growth restriction by using birth weight Z score rather than birth weight as the indicator of 

intrauterine nutrition. 

 

RESEARCH DIRECTIONS  

 

 Development of effective methods to prevent mothers smoking in pregnancy. 

 A greater understanding of the changes in lung development that are caused by IUGR may lead to 

further research to investigate ways of blocking the abnormal development or enhancing normal 

lung development. 

 Evaluation of the long term effects of IUGR on surfactant production, innate immunity of the lung, 

mucins, and ciliary function, and function of the respiratory musculature.  

 A better understanding of how different causes, timing and duration of IUGR impact on lung 

development. 

 Improved detection of fetal compromise during pregnancy, and methods to intervene. 

 Assessment of the effect of fetal lung maturational treatments (such as glucocorticoids) on the 

viability and long term cardiorespiratory outcomes of the IUGR infant. 

 

Conflict of interest: JSL, KP and JJP have no financial or personal relationships with other people or 

organisations that could inappropriately influence the content of this article. 

 

Funding sources: Early life origins research has been funded by the Food Standards Agency UK 

(JSL, KP), British Lung Foundation (JSL, KP), SPARKS (Sport Aiding medical Research for Kids) 



(JSL, KP, JJP).  JSL’s early life origins research has also been supported by the infrastructure of 

Wellcome Trust Clinical Research Facility Southampton, NIHR Respiratory Biomedical Research Unit 

Southampton and Medical Research Council Epidemiology Resource Centre, University of 

Southampton.  JJP’s research is supported by the National Health and Medical Research Council, 

Australia (634519, 1010575, 1010665), and a Viertel Senior Medical Research Fellowship. 

 

 



References 

 

1. Cox P, Marton T. Pathological assessment of intrauterine growth restriction. Best practice & 

research. Bailliere Clin Obstet Gynaecol 2009; 23:751-764. 

2. Gestation Network 2007 Centile Calculator Perinatal Institute, Accessed Sept 18 2011. 

3. Wollmann HA. Intrauterine growth restriction: definition and etiology. Horm Res 1998; 49 Suppl 2:1-

6. 

4. Bauer R, Walter B, Brust P, Fuchtner F, Zwiener U. Impact of asymmetric intrauterine growth 

restriction on organ function in newborn piglets. Eur J Obstet Gynecol Reprod Biol 2003; 110 Suppl 

1:S40-49. 

5. Kramer MS. Intrauterine growth and gestational duration determinants. Pediatrics 1987; 80:502-

511. 

6. Pike KC, MA Hanson, Godfrey KM. Developmental mismatch: consequences for later 

cardiorespiratory health. Br J Obstet Gynaecol 2008; 115(2):149-57. 

7. Burri PH. Structural aspects of postnatal lung development - alveolar formation and growth. Biol 

Neonate 2006; 89:313-322. 

8. Vuguin P. Animal models for assessing the consequences of intrauterine growth restriction on 

subsequent glucose metabolism of the offspring: a review. J Matern Fetal Neonatal Med 2002; 

11:254-257. 

9. Lipsett J, Tamblyn M, Madigan K, et al. Restricted fetal growth and lung development: a 

morphometric analysis of pulmonary structure. Ped Pulmonol 2006; 41:1138-1145. 

10. Maritz GS, Morley CJ, Harding R. Early developmental origins of impaired lung structure and 

function. Early Hum Dev 2005; 81:763-771. 

11. Chen CM, Wang LF, Su B. Effects of maternal undernutrition during late gestation on the lung 

surfactant system and morphometry in rats. Pediatr Res 2004; 56:329-335. 

12. Lin Y, Lechner AJ. Surfactant content and type II cell development in fetal guinea pig lungs during 

prenatal starvation. Pediatr Res 1991; 29:288-291. 

13. Curle DC, Adamson IY. Retarded development of neonatal rat lung by maternal malnutrition. J 

Histochem Cytochem 1978; 26:401-408. 



14. Maritz GS, Cock ML, Louey S, Suzuki K, Harding R. Fetal growth restriction has long-term effects 

on postnatal lung structure in sheep. Pediatr Res 2004; 55:287-295. 

15. Das RM. The effects of intermittent starvation on lung development in suckling rats. Am J Pathol 

1984; 117:326-332. 

16. O'Brien EA, Barnes V, Zhao L, et al. Uteroplacental insufficiency decreases p53 serine-15 

phosphorylation in term IUGR rat lungs. Am J Physiol 2007; 293:R314-322. 

17. Cock ML, Albuquerque CA, Joyce BJ, Hooper SB, Harding R. Effects of intrauterine growth 

restriction on lung liquid dynamics and lung development in fetal sheep. Am J Obstet Gynecol 2001; 

184:209-216. 

18. Karadag A, Sakurai R, Wang Y, et al. Effect of maternal food restriction on fetal rat lung lipid 

differentiation program. Pediatr Pulmonol 2009; 44(7): 635-44. 

19. Maritz GS, Cock ML, Louey S, Joyce BJ, Albuquerque CA, Harding R. Effects of fetal growth 

restriction on lung development before and after birth: a morphometric analysis. Pediatr Pulmonol 

2001; 32(3): 201-10. 

20. Joss-Moore LA, Wang Y, Yu X, et al. IUGR decreases elastin mRNA expression in the developing 

rat lung and alters elastin content and lung compliance in the mature rat lung. Physiological Genomics 

2011; 43:499-505. 

21. Morrison JL, Orgeig S. Antenatal glucocorticoid treatment of the growth-restricted fetus: benefit or 

cost? Reproductive Sciences 2009; 16:527-538. 

22. Joss-Moore LA, Albertine KH, Lane RH. Epigenetics and the developmental origins of lung 

disease. Mol Genet Metab 2011; 104:61-66. 

23. Joss-Moore LA, Wang Y, Baack ML, et al. IUGR decreases PPARgamma and SETD8 Expression 

in neonatal rat lung and these effects are ameliorated by maternal DHA supplementation. Early Hum 

Dev 2010; 86(12): 785-91. 

24. van Eijsden M, Hornstra G, van der Wal MF, Vrijkotte TG, Bonsel GJ. Maternal n-3, n-6, and trans 

fatty acid profile early in pregnancy and term birth weight: a prospective cohort study. Am J Clin Nutr 

2008; 87(4): 887-95. 

25. Wignarajah D, Cock ML, Pinkerton KE, Harding R. Influence of intrauterine growth restriction on 

airway development in fetal and postnatal sheep. Pediatr Res 2002; 51(6): 681-8. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Karadag%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakurai%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maritz%20GS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cock%20ML%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Louey%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Joyce%20BJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Albuquerque%20CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harding%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Joss-Moore%20LA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baack%20ML%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Eijsden%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hornstra%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20der%20Wal%20MF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vrijkotte%20TG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bonsel%20GJ%22%5BAuthor%5D


26. Rees S, Ng J, Dickson K, Nicholas T, Harding R. Growth retardation and the development of the 

respiratory system in fetal sheep. Early Hum Dev 1991; 26:13-27. 

27. Harding R, Tester ML, Moss TJ, et al. Effects of intra-uterine growth restriction on the control of 

breathing and lung development after birth. Clin Exp Pharmacol Physiol 2000; 27:114-119. 

28. Rozance PJ, Seedorf GJ, Brown A, et al. Intrauterine Growth Restriction decreases pulmonary 

alveolar and vessel growth and causes pulmonary artery endothelial cell dysfunction in vitro in fetal 

sheep. Am J Physiol. 2011 Aug 26. [Epub ahead of print] 

29. Gilbert WM, Danielsen B. Pregnancy outcomes associated with intrauterine growth restriction. Am 

J Obstet Gynecol 2003; 188:1596-1599. 

30. Ley D, Wide-Swensson D, Lindroth M, Svenningsen N, Marsal K. Respiratory distress syndrome 

in infants with impaired intrauterine growth. Acta Paediatr 1997; 86:1090-1096. 

31. Tyson JE, Kennedy K, Broyles S, Rosenfeld CR. The small for gestational age infant: accelerated 

or delayed pulmonary maturation? Increased or decreased survival? Pediatrics 1995; 95:534-538. 

32. Bartels DB, Kreienbrock L, Dammann O, Wenzlaff P, Poets CF. Population based study on the 

outcome of small for gestational age newborns. Arch Dis Child Fetal Neonatal Ed 2005; 90:F53-59. 

33. Gortner L, Wauer RR, Stock GJ, et al. Neonatal outcome in small for gestational age infants: do 

they really better? J Perinat Med 1999; 27:484-489. 

34. Simchen MJ, Beiner ME, Strauss-Liviathan N, et al. Neonatal outcome in growth-restricted versus 

appropriately grown preterm infants. Am J Perinatol 2000; 17:187-192. 

35. Torrance HL, Voorbij HA, Wijnberger LD, van Bel F, Visser GH. Lung maturation in small for 

gestational age fetuses from pregnancies complicated by placental insufficiency or maternal 

hypertension. Early Hum Dev 2008; 84:465-469. 

36. Lechner AJ, Winston DC, Bauman JE. Lung mechanics, cellularity, and surfactant after prenatal 

starvation in guinea pigs. J Appl Physiol 1986; 60:1610-1614. 

37. Braems GA, Yao LJ, Inchley K, et al. Ovine surfactant protein cDNAs: use in studies on fetal lung 

growth and maturation after prolonged hypoxemia. Am J Physiol 2000; 278:L754-764. 

38. Gagnon R, Langridge J, Inchley K, Murotsuki J, Possmayer F. Changes in surfactant-associated 

protein mRNA profile in growth-restricted fetal sheep. Am J Physiol 1999; 276:L459-465. 

39. Orgeig S, Crittenden TA, Marchant C, McMillen IC, Morrison JL. Intrauterine growth restriction 

delays surfactant protein maturation in the sheep fetus. Am J Physiol 2010; 298:L575-583. 



40. Gortner L, Hilgendorff A, Bahner T, Ebsen M, Reiss I, Rudloff S. Hypoxia-induced intrauterine 

growth retardation: effects on pulmonary development and surfactant protein transcription. Biolol 

Neonate 2005; 88:129-135. 

41. Been JV, Rours IG, Kornelisse RF, Jonkers F, de Krijger RR, Zimmermann LJ. Chorioamnionitis 

alters the response to surfactant in preterm infants. J Pediatr 2010; 156:10-15 e11. 

42. Compernolle V, Brusselmans K, Acker T, et al. Loss of HIF-2alpha and inhibition of VEGF impair 

fetal lung maturation, whereas treatment with VEGF prevents fatal respiratory distress in premature 

mice. Nat Med 2002; 8:702-710. 

43. Joyce BJ, Louey S, Davey MG, Cock ML, Hooper SB, Harding R. Compromised respiratory 

function in postnatal lambs after placental insufficiency and intrauterine growth restriction. Pediatr Res 

2001; 50(5): 641-9. 

44. Rueda-Clausen CF, Morton JS, Davidge ST. Effects of hypoxia-induced intrauterine growth 

restriction on cardiopulmonary structure and function during adulthood. Cardiovasc Res 2009; 81(4): 

713-22. 

45. Barker DJ, Osmond C. Infant mortality, childhood nutrition, and ischaemic heart disease in 

England and Wales. Lancet 1986; 1(8489): 1077-81. 

46. Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds SJ. Weight in infancy and death from 

ischaemic heart disease. Lancet 1989; 2(8663): 577-80. 

47. D J Barker, K M Godfrey, C Fall, C Osmond, P D Winter, Shaheen SO. Relation of birth weight 

and childhood respiratory infection to adult lung function and death from chronic obstructive airways 

disease. BMJ 1991; 303(6804): 671-5. 

48. Barker DJP. Mothers, Babies and Health in Later Life, 2nd edn. Edinburgh: Churchill Livingstone 

1998. 

49. Lucas JS, Inskip HM, Godfrey KM, et al. Small size at birth and greater postnatal weight gain: 

relationships to diminished infant lung function. Am J Respir Crit Care Med 2004; 170(5): 534-40. 

50. Pike KC, Rose-Zerilli MJ, Caffrey Osvald E, et al. The relationship between infant lung function 

and the risk of wheeze in the preschool years. Pediatr Pulmonol 2011; 46(1): 75-82. 

51. Friedrich L, Stein RT, Pitrez PMC, Corso AL, Jones MH. Reduced lung function in healthy preterm 

infants in the first months of life. Am J Respir Crit Care Med 2006; 173(4): 442-7. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Joyce%20BJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Louey%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Davey%20MG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cock%20ML%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hooper%20SB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harding%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barker%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Winter%20PD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osmond%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Margetts%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simmonds%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lucas%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Inskip%20HM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Godfrey%20KM%22%5BAuthor%5D


52. Nikolajev K, Heinonen K, Hakulinen A, Länsimies E. Effects of intrauterine growth retardation and 

prematurity on spirometric flow values and lung volumes at school age in twin pairs. Pediatr Pulmonol 

1998; 25(6): 367-70. 

53. Doyle LW, Cheung MM, Ford GW, Olinsky A, Davis NM, Callanan C. Birth weight <1501 g and 

respiratory health at age 14. Arch Dis Child 2001; 84(1): 40-44. 

54. Wjst M, Popescu M, Trepka MJ, Heinrich J, Wichmann HE. Pulmonary function in children with 

initial low birth weight. Pediatr Allergy Immunol 1998; 9(2): 80-90. 

55. Rona RJ, Gulliford MC, Chinn, S. Effects of prematurity and intrauterine growth on respiratory 

health and lung function in childhood. BMJ 1993; 306(6881): 817-20. 

56. Turner SW, Palmer LJ, Rye PJ, et al. The relationship between infant airway function, childhood 

airway responsiveness, and asthma. Am J Respir Crit Care Med 2004; 169(8): 921-7. 

57. Sears MR, Greene JM, Willan AR, et al. A longitudinal, population-based, cohort study of 

childhood asthma followed to adulthood. N Engl J Med 2003; 349(15): 1414-22. 

58. Stein CE, Kumaran K, Fall CH, Shaheen SO, Osmond C, Barker DJ. Relation of fetal growth to 

adult lung function in south India. Thorax 1997; 52(10): 895-9. 

59. Edwards CA, Osman LM, Godden DJ, Campbell DM, Douglas JG. Relationship between birth 

weight and adult lung function: controlling for maternal factors. Thorax 2003; 58(12): 1061-5. 

60. Canoy D, Pekkanen J, Elliott P, et al. Early growth and adult respiratory function in men and 

women followed from the fetal period to adulthood. Thorax 2007; 62(5): 396-402. 

61. Lawlor, DA, Ebrahim S, Davey Smith G. Association of birth weight with adult lung function: 

findings from the British Women's Heart and Health Study and a meta-analysis. Thorax 2005; 60(10): 

851-8. 

62. S Turner, G Zhang, S Young, et al. Associations between postnatal weight gain, change in 

postnatal pulmonary function, formula feeding and early asthma. Thorax 2008; 63(3): 234-9. 

63. Hancox RJ, Poulton R, Greene JM, McLachlan CR, Pearce MS, Sears MR. Associations between 

birth weight, early childhood weight gain and adult lung function. Thorax 2009; 64(3): 228-32. 

64. Kotecha SJ, Watkins WJ, Heron J, Henderson J, Dunstan FD, Kotecha S. Spirometric lung 

function in school-age children: effect of intrauterine growth retardation and catch-up growth. Am J 

Respir Crit Care Med 2010; 181(9): 969-74. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wjst%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Popescu%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Trepka%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Heinrich%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wichmann%20HE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stein%20CE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumaran%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fall%20CH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shaheen%20SO%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osmond%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barker%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Edwards%20CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osman%20LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Godden%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Campbell%20DM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Douglas%20JG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Canoy%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pekkanen%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Elliott%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kotecha%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Watkins%20WJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Heron%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Henderson%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dunstan%20FD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kotecha%20S%22%5BAuthor%5D


65. Carrington LJ, Langley-Evans SC. Wheezing and eczema in relation to infant anthropometry: 

evidence of developmental programming of disease in childhood. Matern Child Nutr, 2006; 2(1): 51-

61. 

66. Lewis S, Richards D, Bynner J, Butler N, Britton J. Prospective study of risk factors for early and 

persistent wheezing in childhood. Eur Respir J 1995; 8(3): 349-56. 

67. Leadbitter P, Pearce N, Cheng S, et al. Relationship between fetal growth and the development of 

asthma and atopy in childhood. Thorax 1999; 54(10): 905-10. 

68. Kelly YJ, Brabin BJ, Milligan P, Heaf DP, Reid J, Pearson MG. Maternal asthma, premature birth, 

and the risk of respiratory morbidity in schoolchildren in Merseyside. Thorax 1995; 50(5): 525-30. 

69. Oliveti JF, Kercsmar CM, Redline S. Pre- and perinatal risk factors for asthma in inner city African-

American children. Am J Epidemiol 1996; 143(6): 570-7. 

70. Taveras EM, Camargo CA Jr, Rifas-Shiman SL, et al. Association of birth weight with asthma-

related outcomes at age 2 years. Pediatr Pulmonol 2006; 41(7): 643-8. 

71. Flaherman V, Rutherford GW. A meta-analysis of the effect of high weight on asthma. Arch Dis 

Child 2006; 91(4): 334-9. 

72. Stein RT, Holberg CJ, Morgan WJ, et al. Peak flow variability, methacholine responsiveness and 

atopy as markers for detecting different wheezing phenotypes in childhood. Thorax 1997; 52(11): 946-

52. 

73. Martinez FD Helms PJ. Types of asthma and wheezing. Eur Respir J Suppl 1998; 27: 3s-8s. 

74. Gregory A, Doull I, Pearce N, et al. The relationship between anthropometric measurements at 

birth: asthma and atopy in childhood. Clin Exp Allergy 1999; 29(3): 330-3. 

75. Fergusson DM, Crane J, Beasley R, Horwood LJ. Perinatal factors and atopic disease in 

childhood. Clin Exp Allergy 1997; 27(12): 1394-401. 

76. Bolte G, Schmidt M, Maziak W, et al. The relation of markers of fetal growth with asthma, allergies 

and serum immunoglobulin E levels in children at age 5-7 years. Clin Exp Allergy 2004; 34(3): 381-8. 

77. Remes ST, Patel SP, Hartikainen AL, Jarvelin MR, Pekkanen J. High birth weight, asthma and 

atopy at the age of 16 yr. Pediatr Allergy Immunol 2008; 19(6): 541-3. 

78. Benn CS, Jeppesen DL, Hasselbalch H, et al. Thymus size and head circumference at birth and 

the development of allergic diseases. Clin Exp Allergy 2001; 31(12): 1862-6. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Taveras%20EM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Camargo%20CA%20Jr%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rifas-Shiman%20SL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stein%20RT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Holberg%20CJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morgan%20WJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bolte%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schmidt%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maziak%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Remes%20ST%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Patel%20SP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hartikainen%20AL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jarvelin%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pekkanen%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Benn%20CS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jeppesen%20DL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hasselbalch%20H%22%5BAuthor%5D


79. Sin DD, Man SF. Chronic obstructive pulmonary disease as a risk factor for cardiovascular 

morbidity and mortality. Proc Am Thorac Soc 2005; 2(1): 8-11. 

80. Mannino D, Buist A, Petty T, Enright P, Redd S. Lung function and mortality in the United States: 

data from the First National Health and Nutrition Examination Survey follow up study. Thorax 2003; 

58(5): 388-93. 

81. Seidman DS, Laor A, Gale R, Stevenson DK, Danon YL. Is low birth weight a risk factor for 

asthma during adolescence? Arch Dis Child 1991; 66(5): 584-7. 

82. Braback L, Hedberg A. Perinatal risk factors for atopic disease in conscripts. Clin Exp Allergy 

1998; 28(8): 936-42. 

83. Shaheen SO, Sterne JAC, Montgomery SM, Azima H. Birth weight, body mass index and asthma 

in young adults. Thorax 1999; 54(5): 396-402. 

84. Villamor E, Iliadou A, Cnattingius S. Is the association between low birth weight and asthma 

independent of genetic and shared environmental factors? Am J Epidemiol 2009; 169(11): 1337-43. 

85. Shaheen S. The beginnings of chronic airflow obstruction. Br Med Bull 1997; 53(1): 58-70. 

86. Speizer FE, Tager IB. Epidemiology of chronic mucus hypersecretion and obstructive airways 

disease. Epidemiol Rev 1979; 1: 124-42. 

87. Nomura Y, Nakamura M, Kono Y, et al. Risk factors for persistence of pulmonary arterial branch 

stenosis in neonates and young infants. Pediatr Int 2001; 43(1): 36-41. 

88. Williams MC, Wyble LE, O'Brien WF, Nelson RM, Schwenke JR, Casanova C. Persistent 

pulmonary hypertension of the neonate and asymmetric growth restriction. Obstet Gynecol 1998; 

91(3): 336-41. 

 

 

 

  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Seidman%20DS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Laor%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gale%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stevenson%20DK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Danon%20YL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nomura%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kono%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Williams%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wyble%20LE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O'Brien%20WF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nelson%20RM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schwenke%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Casanova%20C%22%5BAuthor%5D


Figure 1 -  Causes of Intrauterine Growth Restriction: Maternal, fetal, placental and environmental 

(outside circle) factors that contribute to development of intrauterine growth restriction  


