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Abstract
One of the most devastating public health challenges in the twenty-first century is childhood obesity, and
its prevalence is growing at a frightening rate. Premature infants have a greater likelihood of childhood
obesity at age six to 16 compared to term infants. This study aims to explore the underlying mechanism of
developing childhood obesity in this high-risk group. There are most likely multiple interconnected and
supporting mechanisms that put this vulnerable population at risk of childhood obesity. Inflammation is a
possible root cause. Prenatal causes included epigenetic changes as well as placental inflammation.
Disturbances in hormonal pathways and elevated levels of serum bilirubin are possible explanations.
Furthermore, preventable factors in the postnatal period were identified, such as weight gain and exclusive
breastfeeding.

The prevalence of childhood obesity in preterm infants is high; thus, it is essential to understand the
pathophysiology and address any preventable factors to decrease this disease burden.
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Introduction And Background
Annually, 15 million babies are born prematurely, defined by the World Health Organization (WHO) as born
before 37 completed gestation weeks. This number equates to more than one in 10 babies worldwide.
Alarmingly, this number is rising. According to the WHO, the rate of preterm deliveries ranges from 5% to
18%. The prevalence is approximately 12% in lower-income countries and 9% in higher-income
countries [1].

The multiple causes of premature births can be found in Table 1. Despite the advances in medical
technology, which results in increased survival of preterm infants, many health problems are associated
with this group of newborns. Problems include metabolic disease and obesity that continue well into
adulthood [2].

Maternal Origin Fetal Origin Placental Origin

Infection Multiple gestations Placental insufficiency

Chronic diseases: hypertension, diabetes Congenital abnormalities Abruptio placenta

Pre-eclampsia  Placenta previa

Socio-environmental: poor nutrition, smoking, alcohol, drugs, stress   

TABLE 1: Causes of prematurity
[1]

An extremely concerning public health challenge in the twenty-first century is childhood obesity, and its
prevalence is growing at a frightening rate. In 2016, there were approximately 41 million obese or
overweight children under five [3]. An international study highlighted that 10% of all school-aged children
are overweight, and 25% are obese [4]. Being overweight and obese are pervasive and can lead to non-
communicable diseases such as diabetes, metabolic, and cardiovascular disease at a younger age. Childhood
obesity can also increase the risk of premature death and disability in adulthood [3]. Additionally, the
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morbidity of obesity-related conditions and medical treatment in later life contribute to high health care
costs [5].

There is a higher prevalence of childhood obesity in preterm infants [2]. Thus, emphasizing the importance
of understanding the preventable mechanisms that can be addressed to limit the spread of this rising public
health crisis. There are many attributable factors to developing childhood obesity; however, this article will
explore the link between premature infants and an increased prevalence of childhood obesity in this
population.

Previous studies have found that obesity is a state of chronic low-grade inflammation [6]. A large study
including 882 premature infants concluded that neonatal inflammation preceded the onset of obesity,
suggesting that inflammation can contribute to the development of obesity [7]. The initiation of metabolic
inflammation is thought to be as early as in the prenatal period, which can be influenced by multiple factors
from either maternal or paternal environments [8].

McEwen and Seeman emphasized that stress can alter the hypothalamic-pituitary-adrenal (HPA) axis
(Figure 1). It is the primary mechanism that plays a role in adverse health consequences such as obesity in
later life due to increased circulatory stress hormones such as cortisol [9].

FIGURE 1: Hypothalamic pituitary adrenal axis dysfunction promoting
obesity
Any additional stress impacts the HPA axis and causes a rise in cortisol which promotes inflammation [9]. 

CRH: corticotropin-releasing hormone; ACTH: adrenocorticotropic hormone; HPA: hypothalamic-pituitary-adrenal

A recent study done in 2019 explored the idea of elevated neonatal bilirubin levels as a proposed mechanism.
Neonatal bilirubin levels had a positive trend of association with childhood obesity in preterm infants.
However, the data collected was completed over 50 years ago and may not reflect the current trend of
obesity and is the main limitation of this study [5]. 

Parental feeding patterns and introducing solid foods after six months of corrected gestational age are
reported in some studies to potentially lower the risk of unfavoured weight trajectories into childhood [10].
This article will further explore feeding habits concerning accelerated weight gain or catch-up growth.

The review aims to highlight preventable mechanisms of childhood obesity in premature infants. Addressing
these factors effectively will help decrease the burden of childhood obesity and its devastating
complications. Childhood obesity is a worldwide burden, and this article can benefit both developed and
developing countries.

Review
Despite the rapid increase in prevalence and interest in childhood obesity over the last few years, the exact
mechanism remains uncertain in the previously born premature population. The causes of childhood obesity
can be examined through a developmental framework examining the role of metabolic inflammation. A
host’s inflammatory response can be acute to remove the negative stimulus and return the body to the state
before the injury. Chronic inflammation can be seen in which rapid clearance mechanisms fail, are
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incomplete, or in the case of obesity, where gradual or repeated alterations occur to normal physiology [8].

Many initiating events can cause the expansion of adipose tissue and trigger chronic systemic
inflammation. These are seen in Table 2 and can be divided into prenatal, perinatal, and childhood factors.
Prenatal factors are a programmed inheritance, including placental inflammation and epigenetic changes in
paternal germ cells. Environmental factors include endotoxemia or microbiome alterations throughout the
life course. Intrinsic growth rates are also crucial in the perinatal period as either intrauterine growth
restriction or rapid growth. An essential factor in adipose tissue metabolism during adolescence and
physical activity and dietary habits [8]. 

Prenatal Factors Perinatal Factors Childhood Factors

Placental inflammation Intra-uterine growth restriction Inactivity/poor diet

Epigenetic changes in parental germ cells Rapid growth/Catch-up growth Impaired metabolism

 Endotoxemia/microbiome alterations Endotoxemia/microbiome alterations

 Post-natal overfeeding adipose expansion/inflammation Post-natal overfeeding adipose expansion/inflammation

TABLE 2: The multiple causes of metabolic inflammation
Throughout development, there are multiple events that can cause expansion of adipose tissue and cause systemic chronic inflammation [8]. 

A meta-analysis was done in 2020 examining prematurity and risk of childhood obesity showed that
premature newborns had a higher likelihood of childhood obesity at the age of six to 16 compared to term
infants [11]. No difference in childhood obesity was seen in preterm infants that were described as either
small for gestational age (SGA) or appropriate for gestational age (AGA). Furthermore, prematurity increases
the risk by 1.2 to develop a higher body mass index [11]. These findings were consistent with many previous
studies done [12,13].

Prenatal factors
The Barker hypothesis and thrifty gene hypothesis claims that exposure in the prenatal and perinatal period
increases the likelihood of preterm infants storing extra fat and energy and can increase the prevalence of
chronic diseases later in life [11]. It suggests that inflammation can contribute to the development of
obesity. The prenatal period can be influenced by both the maternal and paternal environment [8].

Animal studies revealed that paternal obesity also leads to epigenetic changes in sperm and triggers
hypothalamic inflammation in the offspring [14]. Studies done in mice show that maternal obesity increases
adipose tissue inflammation in the offspring. Placental inflammatory macrophages are elevated in obese
mothers and release pro-inflammatory cytokines [15]. Maternal obesity is an additional risk factor for
increased serum inflammatory markers in preterm infants and not in term newborns [16]. 

Researchers have also proposed that leptin plays a role in weight regulation in infancy and reports an
association between higher leptin at age three and more significant weight gain and adiposity in later
childhood [17]. 

The hypothalamic-pituitary-adrenal axis and its dysregulation in
premature infants leading to obesity
The HPA axis is a primary mechanism thought to be closely linked to stress. Exposure to stress in utero and
soon after delivery is high in premature infants. The initial maternal separation, the neonatal intensive care
experience, and subsequent infections may have disastrous health and developmental challenges which
affect the body’s stress response. It can also be observed in a dysregulation of the HPA axis [9]. Higher levels
of HPA reactivity to stress early on in life and if experienced on a chronic basis throughout early childhood
and adolescence are associated with adverse health consequences. This process results in higher levels of
stress hormones such as cortisol, leading to cardiovascular and metabolic disease such as obesity,
manifesting even in later childhood years or early adolescence [18]. 

Neonatal serum bilirubin in premature infants leading to obesity
Neonatal jaundice is common, and preterm infants are more susceptible to higher serum bilirubin levels
than term newborns. As a result of the decreased survival of circulating fetal red blood cells, there is an
increase in the bilirubin load in the hepatocytes. This results in the increased enterohepatic circulation of
bilirubin. Additionally, there is a decrease in hepatic uptake of bilirubin in conjunction with defective
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bilirubin conjugation. As a result of increased neonatal red cell production and death, hepatic and
gastrointestinal immaturity hyperbilirubinemia in preterm infants is more prevalent, severe and the
duration is often protracted compared to term neonates [19]. 

A large prospective birth cohort was carried out over seven years, and the trend that was observed is higher
the level of neonatal serum bilirubin, the higher the risk of childhood obesity [5]. The underlying mechanism
suggested is that exposure to extreme levels of bilirubin results in neurotoxicity leading to more
neurodevelopmental disabilities. Children with these disabilities often engage in less physical activity and
have behavioral problems resulting in dysregulation of food intake and poor sleep. This results in a higher
risk of developing childhood obesity [20].

However, this study has some limitations. The main one is that the data was collected more than 50 years
ago: their birth weight, socioeconomic status, body composition, and maternal pregnancy factors are
different from the preterm infants now. Additionally, genetic disorders which could contribute to jaundice
and obesity were not differentiated. Caloric intake and exercise levels during childhood were not evaluated,
which could be confounding factors. Multiple randomized trials need to be repeated to confirm if the
relationship between bilirubin levels and childhood obesity is still relevant. 

Accelerated weight gain in premature infants leading to obesity
Aggressive nutritional intervention and catch-up growth in preterm infants were previously justified from a
neurodevelopmental perspective. However, early weight gain may cause childhood obesity without
advancing cognitive intelligence [11]. Weight is closely monitored in preterm infants, and there are usually
strict discharge weight criteria. Thus, nutritional management for vulnerable preterm infants needs to be
managed by a specialized team. Early nutritional consultation and a healthy catch-up to maintain a normal
growth trajectory are key steps to preventing obesity [21].

A meta-analysis that compared 19 studies found that accelerated weight gain was a serious risk factor for
developing childhood obesity. Accelerated weight gain significantly increased the risk of obesity by 2.69
times in children between eight to 11 years old [11]. This is a consistent finding, as other studies have
shown that rapid postnatal growth in the first six to 12 months of life is a strong risk factor for metabolic
disease [22].

Postnatal overfeeding has also been studied in rodents showing that it causes hypothalamic inflammation as
early as 14 days after birth, leading to dysregulation of this axis even into adulthood. This suggests that the
inflammatory set point of the brain is permanently changed by accelerated early life growth [23,24].

Feeding patterns in premature infants leading to obesity
Infancy (the first year of life) can be targeted as a critical period to prevent childhood obesity. Breastfeeding
has been shown as a protective factor [25]. A meta-analysis showed that breastfeeding reduced the odds of
being overweight and obese by 13% [26]. Another study found that each additional month of breastfeeding
further reduced the prevalence of being overweight by 4% [27].

A higher prevalence of obesity is seen among all children who were never breastfed or who were breastfed for
less than six months compared to those who were breastfed for more than six months-suggesting that
breastfeeding is a preventative factor in developing childhood obesity [25]. Exclusively breastfeeding also
prevents the early introduction of complementary foods that could lead to excessive weight gain. Studies
have also shown that protein and total energy intake are lower in breastfed infants than formula-fed ones.
Human milk is rich in Bifidobacteria, which is found to a lesser extent in obese children’s guts [28].
Furthermore, breast milk regulates food intake and energy balance due to the hormonal and biological
factors it contains; this may help shape long-term physiological processes responsible for maintaining
weight and preventing obesity. By promoting healthy weight gain in infancy, breastfeeding can potentially
program an individual to lower the risk of obesity later in life [28]. 

Additionally, evidence shows that formula-fed infants have a higher plasma insulin level than breastfed
infants, which stimulates fat deposition and early development of adipocytes [29]. Formula-fed neonates
also tend to have higher body weight, which may suggest that both the higher protein intake and the weight
gain in early life contribute to developing childhood obesity [30].

A large cohort study done in 2020 suggested that the most important predictor of childhood obesity is the
trajectory of the body mass index z score (adjusted for the child’s age and sex). Introducing solid foods after
six months of corrected gestational age could lower the risk of the unfavorable course of childhood
obesity [10].

The postnatal period is a sensitive window for patterning both nutritional and inflammatory responses,
which can correlate with long-lasting and devastating metabolic complications, such as obesity.
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Limitations and recommendations
The study's main limitation is that risk factors such as socio-economic status of the families, complications
at birth, and genetic disorders were not factored into all the studies selected and reported, which could
negatively skew the results. Additionally, some studies used data collected from 50 years ago which may not
still be relevant to today's population. 

Future recommendations include forming extensive sample-sized prospective birth cohort studies with a
long follow-up period to accurately understand the underlying mechanisms that cause childhood obesity in
the preterm population. Studies should also use standardized measurements detectable early in life, which
can be repeated and measured later in childhood. By understanding the critical factors leading to childhood
obesity, targeted management can help decrease the burden of obesity and metabolic comorbidities. 

Conclusions
Premature infants are at increased risk of developing disastrous metabolic complications such as childhood
obesity. The complex underlying mechanisms that can cause childhood obesity in infants born prematurely
were explored. There are most likely multiple interconnected and supporting mechanisms that put this
vulnerable population at risk of childhood obesity. Inflammation is explored as a possible root cause, along
with prenatal factors, HPA axis dysregulation, and levels of neonatal serum bilirubin. Furthermore,
preventable factors in the postnatal period were identified, such as weight gain and exclusive
breastfeeding. Childhood obesity is increasing globally at an alarming rate, and this paper adds to the
understanding of the critical factors that play a role in its mechanism in children born preterm. Future
research needs to focus on creating long-term prospective cohort studies to find a temporal relationship
between preterm infants and the causal link to childhood obesity. 

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. WHO: Preterm birth. (2021). Accessed: March 6, 2021: https://www.who.int/news-room/fact-

sheets/detail/preterm-birth.
2. Vasylyeva TL, Barche A, Chennasamudram SP, Sheehan C, Singh R, Okogbo ME: Obesity in prematurely

born children and adolescents: follow up in pediatric clinic. Nutr J. 2013, 12:150. 10.1186/1475-2891-12-150
3. WHO: Noncommunicable diseases: childhood overweight and obesity . (2020). Accessed: March 6, 2021:

https://www.who.int/news-room/q-a-detail/noncommunicable-diseases-childhood-overweight-and-
obesity.

4. Lobstein T, Baur L, Uauy R: Obesity in children and young people: a crisis in public health . Obes Rev. 2004,
5:4-85. 10.1111/j.1467-789X.2004.00133.x

5. Luo L, Zou L, Dong W, He Y, Yu H, Lei X: Association between neonatal serum bilirubin and childhood
obesity in preterm infants. Pediatr Res. 2019, 86:227-33. 10.1038/s41390-019-0399-3

6. Skinner AC, Steiner MJ, Henderson FW, Perrin EM: Multiple markers of inflammation and weight status:
cross-sectional analyses throughout childhood. Pediatrics. 2010, 125:e801-9. 10.1542/peds.2009-2182

7. Perrin EM, O'Shea TM, Skinner AC, et al.: Elevations of inflammatory proteins in neonatal blood are
associated with obesity and overweight among 2-year-old children born extremely premature. Pediatr Res.
2018, 83:1110-9. 10.1038/pr.2017.313

8. Singer K, Lumeng CN: The initiation of metabolic inflammation in childhood obesity . J Clin Invest. 2017,
127:65-73. 10.1172/JCI88882

9. McEwen BS, Seeman T: Protective and damaging effects of mediators of stress: elaborating and testing the
concepts of allostasis and allostatic load. Ann N Y Acad Sci. 1999, 896:30-47. 10.1111/j.1749-
6632.1999.tb08103.x

10. Fu Y, Gou W, Hu W, et al.: Integration of an interpretable machine learning algorithm to identify early life
risk factors of childhood obesity among preterm infants: a prospective birth cohort. BMC Med. 2020, 18:184.
10.1186/s12916-020-01642-6

11. Ou-Yang MC, Sun Y, Liebowitz M, et al.: Accelerated weight gain, prematurity, and the risk of childhood
obesity: a meta-analysis and systematic review. PLoS One. 2020, 15:e0232238.
10.1371/journal.pone.0232238

12. Euser AM, Finken MJ, Keijzer-Veen MG, Hille ET, Wit JM, Dekker FW: Associations between prenatal and
infancy weight gain and BMI, fat mass, and fat distribution in young adulthood: a prospective cohort study
in males and females born very preterm. Am J Clin Nutr. 2005, 81:480-7. 10.1093/ajcn.81.2.480

13. Fewtrell MS, Lucas A, Cole TJ, Wells JC: Prematurity and reduced body fatness at 8-12 y of age . Am J Clin
Nutr. 2004, 80:436-40. 10.1093/ajcn/80.2.436

14. Alfaradhi MZ, Kusinski LC, Fernandez-Twinn DS, et al.: Maternal obesity in pregnancy developmentally

2021 Gnawali et al. Cureus 13(12): e20518. DOI 10.7759/cureus.20518 5 of 6

https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://dx.doi.org/10.1186/1475-2891-12-150
https://dx.doi.org/10.1186/1475-2891-12-150
https://www.who.int/news-room/q-a-detail/noncommunicable-diseases-childhood-overweight-and-obesity
https://www.who.int/news-room/q-a-detail/noncommunicable-diseases-childhood-overweight-and-obesity
https://dx.doi.org/10.1111/j.1467-789X.2004.00133.x
https://dx.doi.org/10.1111/j.1467-789X.2004.00133.x
https://dx.doi.org/10.1038/s41390-019-0399-3
https://dx.doi.org/10.1038/s41390-019-0399-3
https://dx.doi.org/10.1542/peds.2009-2182
https://dx.doi.org/10.1542/peds.2009-2182
https://dx.doi.org/10.1038/pr.2017.313
https://dx.doi.org/10.1038/pr.2017.313
https://dx.doi.org/10.1172/JCI88882
https://dx.doi.org/10.1172/JCI88882
https://dx.doi.org/10.1111/j.1749-6632.1999.tb08103.x
https://dx.doi.org/10.1111/j.1749-6632.1999.tb08103.x
https://dx.doi.org/10.1186/s12916-020-01642-6
https://dx.doi.org/10.1186/s12916-020-01642-6
https://dx.doi.org/10.1371/journal.pone.0232238
https://dx.doi.org/10.1371/journal.pone.0232238
https://dx.doi.org/10.1093/ajcn.81.2.480
https://dx.doi.org/10.1093/ajcn.81.2.480
https://dx.doi.org/10.1093/ajcn/80.2.436
https://dx.doi.org/10.1093/ajcn/80.2.436
https://dx.doi.org/10.1210/en.2016-1314


programs adipose tissue inflammation in young, lean male mice offspring. Endocrinology. 2016, 157:4246-
56. 10.1210/en.2016-1314

15. Ornellas F, Souza-Mello V, Mandarim-de-Lacerda CA, Aguila MB: Combined parental obesity augments
single-parent obesity effects on hypothalamus inflammation, leptin signaling (JAK/STAT), hyperphagia, and
obesity in the adult mice offspring. Physiol Behav. 2016, 153:47-55. 10.1016/j.physbeh.2015.10.019

16. van der Burg JW, Allred EN, McElrath TF, et al.: Is maternal obesity associated with sustained inflammation
in extremely low gestational age newborns?. Early Hum Dev. 2013, 89:949-55.
10.1016/j.earlhumdev.2013.09.014

17. Ong KK, Loos RJ: Rapid infancy weight gain and subsequent obesity: systematic reviews and hopeful
suggestions. Acta Paediatr. 2006, 95:904-8. 10.1080/08035250600719754

18. Sullivan MC, Winchester SB, Msall ME: Prematurity and cardiovascular risk at early adulthood . Child Care
Health Dev. 2019, 45:71-8. 10.1111/cch.12616

19. Watchko JF, Maisels MJ: Jaundice in low birthweight infants: pathobiology and outcome . Arch Dis Child
Fetal Neonatal Ed. 2003, 88:F455-8. 10.1136/fn.88.6.f455

20. Wallenstein MB, Bhutani VK: Jaundice and kernicterus in the moderately preterm infant . Clin Perinatol.
2013, 40:679-88. 10.1016/j.clp.2013.07.007

21. Belfort MB, Gillman MW, Buka SL, Casey PH, McCormick MC: Preterm infant linear growth and adiposity
gain: trade-offs for later weight status and intelligence quotient. J Pediatr. 2013, 163:1564-1569.e2.
10.1016/j.jpeds.2013.06.032

22. Beardsall K, Ong KK, Murphy N, Ahmed ML, Zhao JH, Peeters MW, Dunger DB: Heritability of childhood
weight gain from birth and risk markers for adult metabolic disease in prepubertal twins. J Clin Endocrinol
Metab. 2009, 94:3708-13. 10.1210/jc.2009-0757

23. Ziko I, De Luca S, Dinan T, et al.: Neonatal overfeeding alters hypothalamic microglial profiles and central
responses to immune challenge long-term. Brain Behav Immun. 2014, 41:32-43. 10.1016/j.bbi.2014.06.014

24. Cai G, Ziko I, Barwood J, Soch A, Sominsky L, Molero JC, Spencer SJ: Overfeeding during a critical postnatal
period exacerbates hypothalamic-pituitary-adrenal axis responses to immune challenge: a role for adrenal
melanocortin 2 receptors. Sci Rep. 2016, 6:21097. 10.1038/srep21097

25. Pietrobelli A, Agosti M: Nutrition in the first 1000 Days: ten practices to minimize obesity emerging from
published science. Int J Environ Res Public Health. 2017, 14:1491. 10.3390/ijerph14121491

26. Horta BL, Loret de Mola C, Victora CG: Long-term consequences of breastfeeding on cholesterol, obesity,
systolic blood pressure and type 2 diabetes: a systematic review and meta-analysis. Acta Paediatr. 2015,
104:30-7. 10.1111/apa.13133

27. Harder T, Bergmann R, Kallischnigg G, Plagemann A: Duration of breastfeeding and risk of overweight: a
meta-analysis. Am J Epidemiol. 2005, 162:397-403. 10.1093/aje/kwi222

28. Heinig MJ, Nommsen LA, Peerson JM, Lonnerdal B, Dewey KG: Energy and protein intakes of breast-fed and
formula-fed infants during the first year of life and their association with growth velocity: the DARLING
study. Am J Clin Nutr. 1993, 58:152-61. 10.1093/ajcn/58.2.152

29. Lucas A, Sarson DL, Blackburn AM, Adrian TE, Aynsley-Green A, Bloom SR: Breast vs bottle: endocrine
responses are different with formula feeding. Lancet. 1980, 315:1267-1269. 10.1016/s0140-6736(80)91731-6

30. Stettler N, Zemel BS, Kumanyika S, Stallings VA: Infant weight gain and childhood overweight status in a
multicenter, cohort study. Pediatrics. 2002, 109:194-9. 10.1542/peds.109.2.194

2021 Gnawali et al. Cureus 13(12): e20518. DOI 10.7759/cureus.20518 6 of 6

https://dx.doi.org/10.1210/en.2016-1314
https://dx.doi.org/10.1016/j.physbeh.2015.10.019
https://dx.doi.org/10.1016/j.physbeh.2015.10.019
https://dx.doi.org/10.1016/j.earlhumdev.2013.09.014
https://dx.doi.org/10.1016/j.earlhumdev.2013.09.014
https://dx.doi.org/10.1080/08035250600719754
https://dx.doi.org/10.1080/08035250600719754
https://dx.doi.org/10.1111/cch.12616
https://dx.doi.org/10.1111/cch.12616
https://dx.doi.org/10.1136/fn.88.6.f455
https://dx.doi.org/10.1136/fn.88.6.f455
https://dx.doi.org/10.1016/j.clp.2013.07.007
https://dx.doi.org/10.1016/j.clp.2013.07.007
https://dx.doi.org/10.1016/j.jpeds.2013.06.032
https://dx.doi.org/10.1016/j.jpeds.2013.06.032
https://dx.doi.org/10.1210/jc.2009-0757
https://dx.doi.org/10.1210/jc.2009-0757
https://dx.doi.org/10.1016/j.bbi.2014.06.014
https://dx.doi.org/10.1016/j.bbi.2014.06.014
https://dx.doi.org/10.1038/srep21097
https://dx.doi.org/10.1038/srep21097
https://dx.doi.org/10.3390/ijerph14121491
https://dx.doi.org/10.3390/ijerph14121491
https://dx.doi.org/10.1111/apa.13133
https://dx.doi.org/10.1111/apa.13133
https://dx.doi.org/10.1093/aje/kwi222
https://dx.doi.org/10.1093/aje/kwi222
https://dx.doi.org/10.1093/ajcn/58.2.152
https://dx.doi.org/10.1093/ajcn/58.2.152
https://dx.doi.org/10.1016/s0140-6736(80)91731-6
https://dx.doi.org/10.1016/s0140-6736(80)91731-6
https://dx.doi.org/10.1542/peds.109.2.194
https://dx.doi.org/10.1542/peds.109.2.194

	Prematurity and the Risk of Development of Childhood Obesity: Piecing Together the Pathophysiological Puzzle. A Literature Review
	Abstract
	Introduction And Background
	TABLE 1: Causes of prematurity
	FIGURE 1: Hypothalamic pituitary adrenal axis dysfunction promoting obesity

	Review
	TABLE 2: The multiple causes of metabolic inflammation
	Prenatal factors
	The hypothalamic-pituitary-adrenal axis and its dysregulation in premature infants leading to obesity
	Neonatal serum bilirubin in premature infants leading to obesity
	Accelerated weight gain in premature infants leading to obesity
	Feeding patterns in premature infants leading to obesity
	Limitations and recommendations

	Conclusions
	Additional Information
	Disclosures

	References


