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Abstract

Maternal obesity and consumption of high-fat diet can influence fetal 
development and growth. Placental inflammation leads to molecular alterations 
in different tissues in the off spring. Hypothalamic tissues can show early 
changes in the expression of neuropeptides, which contribute to damages in 
metabolic control and energy homeostasis. Inflammation of the placenta can 
affect orexigenic/anorexigenic neuropeptides, reward system, and energy 
expenditure, which in turn contribute to obesity and diabetes in the offspring. 
These changes can be caused by epigenetic mechanisms and can be passed 
on from the mother to the offspring.

expression of orexigenic neuropeptides in the postnatal period can 
induce high intake of milk during breastfeeding, thus contributing 
to excessive weight gain. Moreover, in mice, perinatal exposure to 
HFD can produce a more deleterious response to HFD challenge in 
later life even after an interval of normal diet in mice [14], suggesting 
permanent molecular alterations. Epigenetic modifications in DNA 
can result in permanent changes in the expression profile of genes 
related to metabolism and energy homeostasis.

Epigenetic modifications have been described in genes associated 
with reward, which can affect preference for palatable foods [15]. 
Expression of both µ-opioid receptor and preproenkephalin 
was increased in the nucleus accumbens, prefrontal cortex, and 
hypothalamus of mice born to dams that consumed HFD [15]. 
Moreover, mice born to HFD–fed dams during pregnancy and lactation 
showed hypomethylation in the dopamine reuptake transporter 
promoter region, µ-opioid receptor, and preproenkephalin. Reduced 
methylation of CpG in the promoter region permits the binding of a 
transcription factor to DNA and increases gene expression.

Maternal obesity and HFD consumption during pregnancy and/
or lactation alter the levels of hormones (leptin and insulin), nutrients 
(fatty acids and glucose), and inflammatory cytokines [6,16] in the 
blood. This can affect the environment of the developing offspring. 
Some authors have shown proinflammatory components in the 
placenta of humans [17], rats [18], and sheep [19] in response to HFD 
consumption and obesity. However, uterine changes and embryonic 
inflammation precedes placentation. A study has shown that in rats, 
gene expression in the blastocyst at 4.5 days postcoitum is clearly 
influenced by maternal obesity. The same study has shown that 
placental inflammation increases due to the accumulation of ectopic 
lipids and expression of lipid metabolic genes in the uterus [18]. In 
contrast, a recent study has shown that obese dams show macrophage 
infiltration in the adipose tissue and liver but reversal of obesity-
induced inflammation during gestation [20].

Initially, these findings may seem contradictory. However, 
pregnancy induces metabolic changes in the mother to ensure passage 
of nutrients to the fetus; therefore, reducing the availability of fatty 
acids and glucose in the maternal adipose tissue. HFD consumption 
during pregnancy increases placental transport of amino acids, 
glucose, and fatty acids [21], thus contributing to proinflammatory 

Introduction
Obesity constitutes a growing health problem throughout the 

world. Prevalence of obesity in women of child bearing age [1] and 
in children is worrying because both increase the risk of metabolic 
diseases in the later life of the offspring. Human and animal studies 
have shown that changes in early life can have deleterious effects in 
adult life. These findings have increased the interest in the effects of 
maternal obesity on disease risk in the offspring [2-4].

The effect of maternal over nutrition during fetal development 
increases the risk of diseases in the offspring during its adult life. 
Different types of stress during critical periods of early development 
permanently alter an organism’s physiology and metabolism. This 
phenomenon is called metabolic programming and has originated 
from fetal hypothesis proposed by Barker [5].

However, some important questions need to be answered 
regarding metabolic imprinting. These include understanding the 
role of gestation and lactation in the ill outcomes observed in the 
offspring and whether maternal obesity or High-Fat Diet (HFD) 
consumption during gestation and/or lactation could affect differently 
fetal development and result in metabolic damage in the offspring. 
Most studies have used animal models in which obesity is induced 
by feeding HFD during gestation and/or lactation. Therefore, it is 
impossible to establish the direct relation between metabolic damage 
in the offspring and maternal obesity and HFD consumption during 
pregnancy. However, despite the difficulty in the interpretation 
of results from these models, most studies have shown damages 
in different metabolic pathways and tissues. Maternal obesity and 
HFD consumption are associated with fatty liver [6,7] micro RNA 
expression modulation [8,9], insulin resistance [6,10], and cognitive 
disruption [11,12].

Hypothalamic tissue controls food intake, energy expenditure, 
reward system, and peripheral metabolism. Molecular changes 
in fetal and adult hypothalamus are related to maternal HFD 
consumption during pregnancy. Gupta and colleagues [13] showed 
increased mRNA levels of proopiomelanocortin, melanocortin 
receptor-4, neuropeptide Y, and agouti-related polypeptide in fetal 
hypothalamus from rats [13]. Up regulation of the orexigenic system 
can increase food intake and body weight. For example, increased 
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environment and ectopic lipid accumulation. Saturated fatty acids 
can activate toll-like receptor 4 (TLR4) and stimulate cytokine 
expression. Cotyledonary tissue obtained from obese pregnant 
mothers showed increased expression of TLR4 and macrophage 
markers (CD11b, CD14 and CD68) [19]. Larger and colleagues [22] 
have shown that high levels of IL-6 stimulate fatty acid accumulation 
in human primary trophoblast cells. This can contribute to excessive 
nutrient transfer in conditions associated with elevated maternal 
IL-6, such as obesity and gestational diabetes [22]. Although the 
precise mechanism is unknown, a recent study has shown that 
palmitic acid-mediated placental inflammation in human placenta 
choriocarcinoma cell line requires JNK signaling and recruitment of 
early growth response protein-1 (EGR-1) on cytokine promoters [23]. 

Although controversial, increased lipid circulation seems to be 
a mediator of fetal programming [24-26]. Epigenetic modifications 
(histone acetylation and methylation) and altered expression of 
enzymes that regulate histone and DNA methylation in the placenta 
have been observed in the off springs of dams who are fed HFD 
during pregnancy [26,27]. Monitoring of maternal blood lipid profile 
during gestation and breast milk composition during lactation is 
important to avoid permanent changes in the fetus that are caused 
by placental inflammation because gestational and lactational periods 
are important for neurogenesis and neuronal plasticity.

In summary monitoring of maternal nutrition and weight 
gain during the perinatal period is important to prevent metabolic 
disorders in the offspring. Furthermore, this paves a way for research 
in appropriate nutrition of obese mothers to prevent placental 
inflammation and metabolic complications in the offspring.

References
1. Guelinckx I, Devlieger R, Beckers K, Vansant G. Maternal obesity: pregnancy 

complications, gestational weight gain and nutrition. Obes Rev. 2008; 9: 140-
150. 

2. Drake AJ, Reynolds RM. Impact of maternal obesity on offspring obesity and 
cardiometabolic disease risk. Reproduction. 2010; 140: 387-398. 

3. Dyer JS, Rosenfeld CR. Metabolic imprinting by prenatal, perinatal, and 
postnatal overnutrition: a review. Semin Reprod Med. 2011; 29: 266-276. 

4. King V, Norman JE, Seckl JR, Drake AJ. Post-weaning diet determines 
metabolic risk in mice exposed to over nutrition in early life. Reprod Biol 
Endocrinol. 2014; 12: 73. 

5. Barker DJ, Osmond C. Infant mortality, childhood nutrition, and ischaemic 
heart disease in England and Wales. Lancet. 1986; 1: 1077-1081. 

6. Ashino NG, Saito KN, Souza FD, Nakutz FS, Roman EA, Velloso LA, et 
al. Maternal highfat feeding through pregnancy and lactation predisposes 
mouse offspring to molecular insulin resistance and fatty liver. The Journal of 
nutritional biochemistry. 2012; 23: 341-348. 

7. McCurdy CE, Bishop JM, Williams SM, Grayson BE, Smith MS, Friedman JE, 
et al. Maternal high-fat diet triggers lipotoxicity in the fetal livers of nonhuman 
primates. J Clin Invest. 2009; 119: 323-335. 

8. Benatti RO, Melo AM, Borges FO, Ignacio-Souza LM, Simino LA, Milanski M, 
et al. Maternal high-fat diet consumption modulates hepatic lipid metabolism 
and microRNA-122 (miR-122) and microRNA-370 (miR-370) expression in 
offspring. Br J Nutr. 2014; 111: 2112-2122. 

9. Zhang J, Zhang F, Didelot X, Bruce KD, Cagampang FR, Vatish M, et al. 
Maternal high fat diet during pregnancy and lactation alters hepatic expression 
of insulin like growth factor-2 and key micro RNAs in the adult offspring. BMC 
Genomics. 2009; 10: 478. 

10. Melo AM, Benatti RO, Ignacio-Souza LM, Okino C, Torsoni AS, Milanski 

M, et al. Hypothalamic endoplasmic reticulum stress and insulin resistance 
in offspring of mice dams fed highfat diet during pregnancy and lactation. 
Metabolism: clinical and experimental. 2014; 63: 682-692. 

11. Bilbo SD, Tsang V. Enduring consequences of maternal obesity for brain 
inflammation and behavior of offspring. FASEB journal. official publication 
of the Federation of American Societies for Experimental Biology. 2010; 24: 
2104-2115. 

12. Tozuka Y, Kumon M, Wada E, Onodera M, Mochizuki H, Wada K. Maternal 
obesity impairs hippocampal BDNF production and spatial learning 
performance in young mouse offspring. Neurochem Int. 2010; 57: 235-247. 

13. Gupta A, Srinivasan M, Thamadilok S, Patel MS. Hypothalamic alterations 
in fetuses of high fat diet-fed obese female rats. J Endocrinol. 2009; 200: 
293-300. 

14. Kruse M, Seki Y, Vuguin PM, Du XQ, Fiallo A, Glenn AS, et al. High-fat 
intake during pregnancy and lactation exacerbates high-fat diet-induced 
complications in male offspring in mice. Endocrinology. 2013; 154: 3565-
3576. 

15. Vucetic Z, Kimmel J, Totoki K, Hollenbeck E, Reyes TM. Maternal high-fat 
diet alters methylation and gene expression of dopamine and opioid-related 
genes. Endocrinology. 2010; 151: 4756-4764. 

16.  Kępczyńska MA, Wargent ET, Cawthorne MA, Arch JR, O’Dowd JF, Stocker 
CJ. Circulating levels of the cytokines IL10, IFNÎ³ and resistin in an obese 
mouse model of developmental programming. J Dev Orig Health Dis. 2013; 
4: 491-498. 

17. Challier JC, Basu S, Bintein T, Minium J, Hotmire K, Catalano PM, et al. 
Obesity in pregnancy stimulates macrophage accumulation and inflammation 
in the placenta. Placenta. 2008; 29: 274-281. 

18. Shankar K, Zhong Y, Kang P, Lau F, Blackburn ML, Chen JR, et al. Maternal 
obesity promotes a proinflammatory signature in rat uterus and blastocyst. 
Endocrinology. 2011; 152: 4158-4170. 

19. Zhu MJ, Du M, Nathanielsz PW, Ford SP. Maternal obesity up-regulates 
inflammatory signaling pathways and enhances cytokine expression in the 
mid-gestation sheep placenta. Placenta. 2010; 31: 387-391. 

20. Ingvorsen C, Thysen AH, Fernandez-Twinn D, Nordby P, Nielsen KF, Ozanne 
SE, et al. Effects of pregnancy on obesity-induced inflammation in a mouse 
model of fetal programming. Int J Obes (Lond). 2014. 

21. Sferruzzi-Perri AN, Vaughan OR, Haro M, Cooper WN, Musial B, 
Charalambous M, et al. An obesogenic diet during mouse pregnancy modifies 
maternal nutrient partitioning and the fetal growth trajectory. FASEB journal: 
official publication of the Federation of American Societies for Experimental 
Biology. 2013; 27: 3928-3937. 

22. Lager S, Jansson N, Olsson AL, Wennergren M, Jansson T, Powell TL. Effect 
of IL-6 and TNF-Î± on fatty acid uptake in cultured human primary trophoblast 
cells. Placenta. 2011; 32: 121-127. 

23. Saben J, Zhong Y, Gomez-Acevedo H, Thakali KM, Borengasser SJ, Andres 
A, et al. Early growth response protein-1 mediates lipotoxicity-associated 
placental inflammation: role in maternal obesity. American journal of 
physiology Endocrinology and metabolism. 2013; 305: E1-14. 

24. Krasnow SM, Nguyen ML, Marks DL. Increased maternal fat consumption 
during pregnancy alters body composition in neonatal mice. Am J Physiol 
Endocrinol Metab. 2011; 301: E1243-1253. 

25. Masuyama H, Hiramatsu Y. Effects of a high-fat diet exposure in utero on the 
metabolic syndrome-like phenomenon in mouse offspring through epigenetic 
changes in adipocytokine gene expression. Endocrinology. 2012; 153: 2823-
2830. 

26. Strakovsky RS, Zhang X, Zhou D, Pan YX. Gestational high fat diet programs 
hepatic phosphoenolpyruvate carboxykinase gene expression and histone 
modification in neonatal offspring rats. J Physiol. 2011; 589: 2707-2717. 

27. Gabory A, Ferry L, Fajardy I, Jouneau L, Gothié JD, Vigé A, et al. Maternal 
diets trigger sex-specific divergent trajectories of gene expression and 
epigenetic systems in mouse placenta. PLoS One. 2012; 7: e47986.

http://www.ncbi.nlm.nih.gov/pubmed/18221480
http://www.ncbi.nlm.nih.gov/pubmed/18221480
http://www.ncbi.nlm.nih.gov/pubmed/18221480
http://www.ncbi.nlm.nih.gov/pubmed/20562299
http://www.ncbi.nlm.nih.gov/pubmed/20562299
http://www.ncbi.nlm.nih.gov/pubmed/21769766
http://www.ncbi.nlm.nih.gov/pubmed/21769766
http://www.ncbi.nlm.nih.gov/pubmed/25082159
http://www.ncbi.nlm.nih.gov/pubmed/25082159
http://www.ncbi.nlm.nih.gov/pubmed/25082159
http://www.ncbi.nlm.nih.gov/pubmed/2871345
http://www.ncbi.nlm.nih.gov/pubmed/2871345
http://www.ncbi.nlm.nih.gov/pubmed/21543214
http://www.ncbi.nlm.nih.gov/pubmed/21543214
http://www.ncbi.nlm.nih.gov/pubmed/21543214
http://www.ncbi.nlm.nih.gov/pubmed/21543214
http://www.ncbi.nlm.nih.gov/pubmed/19147984
http://www.ncbi.nlm.nih.gov/pubmed/19147984
http://www.ncbi.nlm.nih.gov/pubmed/19147984
http://www.ncbi.nlm.nih.gov/pubmed/24666709
http://www.ncbi.nlm.nih.gov/pubmed/24666709
http://www.ncbi.nlm.nih.gov/pubmed/24666709
http://www.ncbi.nlm.nih.gov/pubmed/24666709
http://www.ncbi.nlm.nih.gov/pubmed/19835573
http://www.ncbi.nlm.nih.gov/pubmed/19835573
http://www.ncbi.nlm.nih.gov/pubmed/19835573
http://www.ncbi.nlm.nih.gov/pubmed/19835573
http://www.unboundmedicine.com/medline/citation/24636055/Hypothalamic_endoplasmic_reticulum_stress_and_insulin_resistance_in_offspring_of_mice_dams_fed_high_fat_diet_during_pregnancy_and_lactation_
http://www.unboundmedicine.com/medline/citation/24636055/Hypothalamic_endoplasmic_reticulum_stress_and_insulin_resistance_in_offspring_of_mice_dams_fed_high_fat_diet_during_pregnancy_and_lactation_
http://www.unboundmedicine.com/medline/citation/24636055/Hypothalamic_endoplasmic_reticulum_stress_and_insulin_resistance_in_offspring_of_mice_dams_fed_high_fat_diet_during_pregnancy_and_lactation_
http://www.unboundmedicine.com/medline/citation/24636055/Hypothalamic_endoplasmic_reticulum_stress_and_insulin_resistance_in_offspring_of_mice_dams_fed_high_fat_diet_during_pregnancy_and_lactation_
http://www.fasebj.org/content/24/6/2104.abstract
http://www.fasebj.org/content/24/6/2104.abstract
http://www.fasebj.org/content/24/6/2104.abstract
http://www.fasebj.org/content/24/6/2104.abstract
http://www.ncbi.nlm.nih.gov/pubmed/20538025
http://www.ncbi.nlm.nih.gov/pubmed/20538025
http://www.ncbi.nlm.nih.gov/pubmed/20538025
http://www.ncbi.nlm.nih.gov/pubmed/19074472
http://www.ncbi.nlm.nih.gov/pubmed/19074472
http://www.ncbi.nlm.nih.gov/pubmed/19074472
http://www.ncbi.nlm.nih.gov/pubmed/23861375
http://www.ncbi.nlm.nih.gov/pubmed/23861375
http://www.ncbi.nlm.nih.gov/pubmed/23861375
http://www.ncbi.nlm.nih.gov/pubmed/23861375
http://www.ncbi.nlm.nih.gov/pubmed/20685869
http://www.ncbi.nlm.nih.gov/pubmed/20685869
http://www.ncbi.nlm.nih.gov/pubmed/20685869
http://www.ncbi.nlm.nih.gov/pubmed/24924228
http://www.ncbi.nlm.nih.gov/pubmed/24924228
http://www.ncbi.nlm.nih.gov/pubmed/24924228
http://www.ncbi.nlm.nih.gov/pubmed/24924228
http://www.ncbi.nlm.nih.gov/pubmed/18262644
http://www.ncbi.nlm.nih.gov/pubmed/18262644
http://www.ncbi.nlm.nih.gov/pubmed/18262644
http://www.ncbi.nlm.nih.gov/pubmed/21862610
http://www.ncbi.nlm.nih.gov/pubmed/21862610
http://www.ncbi.nlm.nih.gov/pubmed/21862610
http://www.ncbi.nlm.nih.gov/pubmed/20185176
http://www.ncbi.nlm.nih.gov/pubmed/20185176
http://www.ncbi.nlm.nih.gov/pubmed/20185176
http://www.ncbi.nlm.nih.gov/pubmed/24785102
http://www.ncbi.nlm.nih.gov/pubmed/24785102
http://www.ncbi.nlm.nih.gov/pubmed/24785102
http://www.ncbi.nlm.nih.gov/pubmed/23825226
http://www.ncbi.nlm.nih.gov/pubmed/23825226
http://www.ncbi.nlm.nih.gov/pubmed/23825226
http://www.ncbi.nlm.nih.gov/pubmed/23825226
http://www.ncbi.nlm.nih.gov/pubmed/23825226
http://www.ncbi.nlm.nih.gov/pubmed/21144584
http://www.ncbi.nlm.nih.gov/pubmed/21144584
http://www.ncbi.nlm.nih.gov/pubmed/21144584
http://www.ncbi.nlm.nih.gov/pubmed/23632636
http://www.ncbi.nlm.nih.gov/pubmed/23632636
http://www.ncbi.nlm.nih.gov/pubmed/23632636
http://www.ncbi.nlm.nih.gov/pubmed/23632636
http://www.ncbi.nlm.nih.gov/pubmed/21900122
http://www.ncbi.nlm.nih.gov/pubmed/21900122
http://www.ncbi.nlm.nih.gov/pubmed/21900122
http://www.ncbi.nlm.nih.gov/pubmed/22434078
http://www.ncbi.nlm.nih.gov/pubmed/22434078
http://www.ncbi.nlm.nih.gov/pubmed/22434078
http://www.ncbi.nlm.nih.gov/pubmed/22434078
http://www.ncbi.nlm.nih.gov/pubmed/21486814
http://www.ncbi.nlm.nih.gov/pubmed/21486814
http://www.ncbi.nlm.nih.gov/pubmed/21486814
http://www.ncbi.nlm.nih.gov/pubmed/23144842
http://www.ncbi.nlm.nih.gov/pubmed/23144842
http://www.ncbi.nlm.nih.gov/pubmed/23144842

	Title
	Abstract
	Introduction
	References

