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Abstract:



The rising prevalence of childhood obesity in the past decades has made Non-Alcoholic Fatty Liver Disease (NAFLD) the most common cause of pediatric chronic liver disease worldwide. Currently, a growing body of evidence links NAFLD with cardiovascular disease (CVD) even at an early age. Data on the pediatric population have shown that NAFLD could represent an independent risk factor not only for cardiovascular events but also for early subclinical abnormalities in myocardial structure and function. Briefly, we review the current knowledge regarding the relationship between pediatric NAFLD and cardiovascular risk in an attempt to clarify our understanding of NAFLD as a possible cardiovascular risk factor in childhood.
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1. Introduction


In the last 20 years, Non-Alcoholic Fatty Liver Disease (NAFLD) has become the major cause of chronic liver disease in childhood, as a result of an increased prevalence of pediatric obesity [1,2]. Although the natural history of pediatric NAFLD remains unclear, evidence suggests a possible link between NAFLD and a greater overall mortality than in the general population [3]. Furthermore, it has been widely recognized that NAFLD represents an independent risk factor for cardiovascular diseases (CVD) in adulthood, but this association is still debated in the pediatric population [4,5,6,7,8]. Most recent studies are conflicting and do not support an independent relation between NAFLD and CVD in pediatric patients. Despite that, some findings have shown that atherosclerosis is an early process beginning in childhood, as demonstrated by early subclinical atherosclerosis (flow-mediated vasodilatation (FMD), carotid artery intimal medial thickness (cIMT), arterial stiffness) and abnormalities in myocardial structure and function (left ventricular (LV) dysfunction, increased LV mass, and epicardial adipose tissue thickness (EAT)) observed in obese children and adolescents [4,7,8,9,10].



To date, the association between NAFLD and cardiovascular derangements has not been fully elucidated in children, but increased visceral adipose tissue and insulin resistance seem to play a critical role [8,10,11]. Increased levels of free fatty acids (FFAs) in children affected by NAFLD might explain—likely through myocardial lipid accumulation—the cardiac structural and functional alterations observed in these subjects [9,10]. Additionally, it could be hypothesized that the relationship might be related to the impaired systemic inflammatory pathway in the setting of NAFLD, contributing to cardiovascular changes—such as cardiac dysfunction and atherosclerosis—observed in this population [4,7,8]. In fact, the presence of a low-grade inflammatory state in those patients contributes to the release of several mediators, including C reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-alpha) and other cytokines that amplify this condition [8,10]. In particular, recent studies have focused on fibroblast growth factor 21 (FGF-21), a hepatoprotective protein with modulatory effects on glucose and insulin sensitivity, that shows a condition of resistance in subjects with NAFLD, with further worsening in the case of Non-Alcoholic Steatohepatitis (NASH) [11].



In order to stop this vicious circle, a comprehensive treatment of NAFLD (weight loss, lifestyle interventions, control of risk factors) is strongly recommended.




2. Atherosclerosis


Currently, NAFLD is considered as a hepatic manifestation of Metabolic Syndrome (MetS), which in turn has been well recognized as a highly atherogenic condition [11,12,13,14]. Studies have shown that atherosclerosis often begins in pediatric age, as demonstrated by cIMT and fatty streaks detected in the aorta and the coronary arteries in this population [12,15,16,17].



Although the relationship between obesity and atherosclerosis development has been studied in childhood, evidence regarding the association between NAFLD and atherosclerosis is scarce and conflicting at this age [18,19,20]. Indeed, in contrast to the adult population, pediatric studies have shown no evidence of heterogeneity and the link between NAFLD and cardiac abnormalities in children is yet to be proven. To date, in fact, there is a lack of adequate (e.g., long-term longitudinal studies) or properly adjusted (e.g., gender, race, pubertal age, insulin resistance or other important cardiovascular risk factors) studies in pediatric patients. Some studies have shown an independent association between NAFLD and FMD and increased cIMT, considered as markers of subclinical atherosclerosis [3,8,9,10,12]. To the best of our knowledge, potential pathophysiological mechanisms by which NAFLD may cause atherogenesis are unclear, but increased visceral adipose tissue (particularly periaortic fat thickness (PAFT) a subtype of perivascular fat with local pathogenic action on blood vessels), insulin resistance, disturbance in lipoprotein metabolism (apolipoprotein B), and subsequently, release of inflammatory cytokines from the liver can play an important role.



Moreover, recent published data have shown that children with NAFLD are at increased risk of CVD, as demonstrated by various cardiac outcomes such as left ventricular mass index, cIMT, coronary parameters and endothelium-dependent flow-mediated dilatation [7,8,9,10,16,17,18,19,20,21].



Eklioğlu et al. reported that obese children with NAFLD had increased PAFT compared to those without NAFLD [22]. Moreover, in the NAFLD group, waist circumference was found to be the only parameter among all other clinical and laboratory predicting PAFT. Consequently, these findings suggested that the NAFLD group may present a higher adverse cardiovascular risk profile—due to the atherogenic role of PAFT—than those without NAFLD. Thus, it is probable that NAFLD and atherosclerosis share a similar pathogenesis, with a potential reciprocal influence between the liver and blood vessels (“liver–vessel axis”).



Gökçe et al. showed a positive correlation between cIMT and insulin resistance, MetS and triglycerides (TG) levels in children with NAFLD [23].



In the Bogalusa heart study in children, it has been demonstrated that high levels of total cholesterol, low-density lipoprotein cholesterol (LDL-c), triglycerides, and low concentrations of high-density lipoprotein cholesterol (HDL-c) are significantly associated with the extent of intimal surface involved in atherosclerotic lesions [24]. In particular, the TG/HDL-c ratio has been well recognized as a strong predictor of MetS and CVD. Most recent pediatric studies suggest the possible role of increased cIMT as a marker of structural vascular changes and metabolic derangements in obese children with NAFLD [23,24,25,26,27].



Moreover, the degree of liver steatosis may represent an independent predictor of the proatherogenic lipid profile—as observed by Nobili et al.—and its positive association with increased cIMT suggests that it may be considered as a possible prominent risk factor of future cardiovascular disease [25].



On the other hand, some pediatric studies reported no association between NAFLD and CVD [6,8]. In a cross-sectional study conducted on 78 obese children, who underwent a clinical and carotid ultrasound assessment (cIMT, arterial stiffness), no early atherosclerosis changes were found in patients with NAFLD [6].



However, further studies are needed to investigate the relationship between NAFLD and atherosclerosis in children.




3. Cardiac Dysfunction


In the pediatric population, data about the relationship between NAFLD and both cardiac function and geometry are scarce [26,27,28,29,30]. Sert et al. reported an impaired diastolic function and an increased LV mass in adolescents with NAFLD compared to both healthy controls and obese adolescents without NAFLD [26]. LV mass was positively correlated with a Homeostasis model assessment of insulin resistance (HOMA) and alanine aminotransferase (ALT) levels. However, the design of the study (cross-sectional study) did not allow us to determine whether liver steatosis caused cardiac damage (increased cIMT, LV remodeling) [26]. Recent findings from Alp et al. confirmed significant echocardiographic alterations in the pediatric NAFLD group, whose EAT was directly related to the severity of fatty liver [27]. Moreover, intriguing data from a group of 50 children with biopsy-proven hepatosteatosis suggest that children with NAFLD have cardiac damage, and that the liver itself could affect the cardiac geometry [28].



This is the hot spot of the scientific debate. More studies are needed to clarify the role of liver steatosis in worsening cardiac structure and function. Interestingly, Pacifico et al.—confirming the presence of cardiac abnormalities (LV structural and functional changes) in obese children and mostly in the NAFLD group—have found that cardiac alterations were more pronounced in children with NASH [29]. This finding suggests a possible role of hepatosteatosis in increasing the release of FFAs by inducing epicardial fat deposition, a depot metabolically active that could have a paracrine interaction with myocardium [29].



However, a further possible pathophysiological mechanism regarding the role of NAFLD in cardiovascular outcomes could be represented by the worsening of the insulin sensitivity shown in obese children with NAFLD, as demonstrated by Singh et al. [30]. In fact, these patients showed higher C-peptide plasma levels and a lower Disposition Index (DI) during an oral glucose tolerance test (OGTT). The lowering of DI was negatively related to the intrahepatic fat content. In addition, in this group, higher systolic and diastolic blood pressure levels and an abnormal cardiac functionality (decreased LV global longitudinal systolic strain and early diastolic rates) were found compared to non-NAFLD patients, suggesting a possible role of NAFLD as an early marker of cardiac dysfunction [30].




4. Conclusions


NAFLD in childhood is an evolving condition, potentially affecting many extra-hepatic organs; it requires a multidisciplinary approach to its treatment.



NAFLD and cardiovascular changes are closely linked in adulthood, but at the present time this relationship in childhood is still discussed and its pathophysiology is not yet fully understood. Although it has not been widely demonstrated, recent data have shown that NAFLD could be considered as a marker of subclinical atherosclerosis as well as a strong cardiovascular risk factor even at a very early age.



Given the findings from the available data it has been determined that both subclinical atherosclerosis and cardiac dysfunction in children are a dynamic process due to the plasticity of the cardiovascular system at this age. In fact, prevention and treatment of NAFLD—if applied early—may play a crucial role in avoiding not only end-stage liver disease but also CVD.



Furthermore, long-term longitudinal studies are needed to clarify the effective role of pediatric NAFLD in influencing cardiovascular outcomes.







Author contributions


Anna Di Sessa and Giuseppina Rosaria Umano wrote the manuscript; Emanuele Miraglia del Giudice supervised and conceived the manuscript.




Conflicts of Interest


The authors declare no conflict of interest.




References


	1. 
Loomba, R.; Sirlin, C.B.; Schwimmer, J.B.; Lavine, J.E. Advances in pediatric nonalcoholic fatty liver disease. Hepatology 2009, 50, 1282–1293. [Google Scholar] [CrossRef] [PubMed]

	2. 
Marzuillo, P.; Grandone, A.; Perrone, L.; Miraglia del Giudice, E. Understanding the pathophysiological mechanisms in the pediatric non-alcoholic fatty liver disease: The role of genetics. World J. Hepatol. 2015, 7, 1439–1443. [Google Scholar] [CrossRef] [PubMed]

	3. 
Feldstein, A.E.; Charatcharoenwitthaya, P.; Treeprasertsuk, S.; Benson, J.T.; Enders, F.B.; Angulo, P. The natural history of nonalcoholic fatty liver disease in children: A follow-up study for up to 20 years. Gut 2009, 58, 1538–1544. [Google Scholar] [CrossRef] [PubMed]

	4. 
Pacifico, L.; Cantisani, V.; Ricci, P.; Osborn, J.F.; Schiavo, E.; Anania, C.; Ferrara, E.; Dvisic, G.; Chiesa, C. Nonalcoholic fatty liver disease and carotid atherosclerosis in children. Pediatr. Res. 2008, 63, 423–427. [Google Scholar] [CrossRef] [PubMed]

	5. 
Di Sessa, A.; Umano, G.R.; Miraglia del Giudice, E.; Santoro, N. From the liver to the heart: Cardiac dysfunction in obese children with non-alcoholic fatty liver disease. World J. Hepatol. 2017, 9, 69–73. [Google Scholar] [CrossRef] [PubMed]

	6. 
Koot, B.G.; de Groot, E.; van der Baan-Slootweg, O.H.; Bohte, A.E.; Nederveen, A.J.; Jansen, P.L.; Stoker, J.; Benninga, M.A. Nonalcoholic fatty liver disease and cardiovascular risk in children with obesity. Obesity 2015, 23, 1239–1243. [Google Scholar] [CrossRef] [PubMed]

	7. 
Pacifico, L.; Anania, C.; Martino, F.; Cantisani, V.; Pascone, R.; Marcantonio, A.; Chiesa, C. Functional and morphological vascular changes in pediatric nonalcoholic fatty liver disease. Hepatology 2010, 52, 1643–1651. [Google Scholar] [CrossRef] [PubMed]

	8. 
Pacifico, L.; Chiesa, C.; Anania, C.; de Merulis, A.; Osborn, J.F.; Romaggioli, S.; Gaudio, E. Nonalcoholic fatty liver disease and the heart in children and adolescents. World J. Gastroenterol. 2014, 20, 9055–9071. [Google Scholar] [CrossRef] [PubMed]

	9. 
Bonci, E.; Chiesa, C.; Versacci, P.; Anania, C.; Silvestri, L.; Pacifico, L. Association of Nonalcoholic Fatty Liver Disease with Subclinical Cardiovascular Changes: A Systematic Review and Meta-Analysis. BioMed Res. Int. 2015, 2015, 213737. [Google Scholar] [CrossRef] [PubMed]

	10. 
Pacifico, L.; Nobili, V.; Anania, C.; Verdecchia, P.; Chiesa, C. Pediatric nonalcoholic fatty liver disease, metabolic syndrome and cardiovascular risk. World J. Gastroenterol. 2011, 17, 3082–3091. [Google Scholar] [CrossRef] [PubMed]

	11. 
Santoro, N.; Caprio, S. Nonalcoholic fatty liver disease/nonalcoholic steatohepatitis in obese adolescents: A looming marker of cardiac dysfunction. Hepatology 2014, 59, 372–374. [Google Scholar] [CrossRef] [PubMed]

	12. 
Stary, H.C. Lipid and macrophage accumulations in arteries of children and the development of atherosclerosis. Am. J. Clin. Nutr. 2000, 72 (Suppl. 5), 1297S–1306S. [Google Scholar] [PubMed]

	13. 
Kotronen, A.; Yki-Järvinen, H. Fatty liver: A novel component of the metabolic syndrome. Arterioscler. Thromb. Vasc. Biol. 2008, 28, 27–38. [Google Scholar] [CrossRef] [PubMed]

	14. 
Targher, G.; Day, C.P.; Bonora, E. Risk of cardiovascular disease in patients with nonalcoholic fatty liver disease. N. Engl. J. Med. 2010, 363, 1341–1350. [Google Scholar] [CrossRef] [PubMed]

	15. 
Villanova, N.; Moscatiello, S.; Ramilli, S.; Bugianesi, E.; Magalotti, D.; Vanni, E.; Zoli, M.; Marchesini, G. Endothelial dysfunction and cardiovascular risk profile in nonalcoholic fatty liver disease. Hepatology 2005, 42, 473–480. [Google Scholar] [CrossRef] [PubMed]

	16. 
Schwimmer, J.B.; Pardee, E.; Lavine, J.E.; Blumkin, A.K.; Cook, S. Cardiovascular risk factors and the metabolic syndrome in pediatric nonalcoholic fatty liver disease. Circulation 2008, 118, 277–283. [Google Scholar] [CrossRef] [PubMed]

	17. 
Bland, J.; Skordalaki, A.; Emery, J.L. Early intimal lesions in the common carotid artery. Cardiovasc. Res. 1986, 20, 863–868. [Google Scholar] [CrossRef] [PubMed]

	18. 
Madan, S.A.; John, F.; Pyrsopoulos, N.; Pitchumoni, C.S. Nonalcoholic fatty liver disease and carotid artery atherosclerosis in children and adults: A meta-analysis. Eur. J. Gastroenterol. Hepatol. 2015, 27, 1237–1248. [Google Scholar] [CrossRef] [PubMed]

	19. 
Lamotte, C.; Iliescu, C.; Libersa, C.; Gottrand, F. Increased intima-media thickness of the carotid artery in childhood: A systematic review of observational studies. Eur. J. Pediatr. 2011, 170, 719–729. [Google Scholar] [CrossRef] [PubMed]

	20. 
Kelishadi, R.; Cook, S.R.; Amra, B.; Adibi, A. Factors associated with insulin resistance and non-alcoholic fatty liver disease among youths. Atherosclerosis 2009, 204, 538–543. [Google Scholar] [CrossRef] [PubMed]

	21. 
Caserta, C.A.; Pendino, G.M.; Amante, A.; Vacalebre, C.; Fiorillo, M.T.; Surace, P.; Messineo, A.; Surace, M.; Alicante, S.; Cotichini, R.; et al. Cardiovascular risk factors, nonalcoholic fatty liver disease, and carotid artery intima-media thickness in an adolescent population in southern Italy. Am. J. Epidemiol. 2010, 171, 1195–1202. [Google Scholar] [CrossRef] [PubMed]

	22. 
Eklioğlu, B.S.; Atabek, M.E.; Akyürek, N.; Alp, H. Assessment of Cardiovascular Parameters in Obese Children and Adolescents with Non-Alcoholic Fatty Liver Disease. J. Clin. Res. Pediatr. Endocrinol. 2015, 7, 222–227. [Google Scholar] [CrossRef] [PubMed]

	23. 
Gökçe, S.; Atbinici, Z.; Aycan, Z.; Cınar, H.G.; Zorlu, P. The relationship between pediatric nonalcoholic fatty liver disease and cardiovascular risk factors and increased risk of atherosclerosis in obese children. Pediatr. Cardiol. 2013, 34, 308–315. [Google Scholar] [CrossRef] [PubMed]

	24. 
Zhang, H.; Zhang, T.; Li, S.; Li, Y.; Hussain, A.; Fernandez, C.; Harville, E.; Bazzano, L.A.; He, J.; Chen, W. Long-term Impact of Childhood Adiposity on Adult Metabolic Syndrome Is Modified by Insulin Resistance: The Bogalusa Heart Study. Sci. Rep. 2015, 5, 17885. [Google Scholar] [CrossRef] [PubMed]

	25. 
Nobili, V.; Alkhouri, N.; Bartuli, A.; Manco, M.; Lopez, R.; Alisi, A.; Feldstein, A.E. Severity of liver injury and atherogenic lipid profile in children with nonalcoholic fatty liver disease. Pediatr. Res. 2010, 67, 665–670. [Google Scholar] [CrossRef] [PubMed]

	26. 
Sert, A.; Aypar, E.; Pirgon, O.; Yilmaz, H.; Odabas, D.; Tolu, I. Left ventricular function by echocardiography, tissue Doppler imaging, and carotid intima-media thickness in obese adolescents with nonalcoholic fatty liver disease. Am. J. Cardiol. 2013, 112, 436–443. [Google Scholar] [CrossRef] [PubMed]

	27. 
Alp, H.; Karaarslan, S.; Selver Eklioğlu, B.; Atabek, M.E.; Altın, H.; Baysal, T. Association between nonalcoholic fatty liver disease and cardiovascular risk in obese children and adolescents. Can. J. Cardiol. 2013, 29, 1118–1125. [Google Scholar] [CrossRef] [PubMed]

	28. 
Fintini, D.; Chinali, M.; Cafiero, G.; Esposito, C.; Giordano, U.; Turchetta, A.; Pescosolido, S.; Pongiglione, G.; Nobili, V. Early left ventricular abnormality/dysfunction in obese children affected by NAFLD. Nutr. Metab. Cardiovasc. Dis. 2014, 24, 72–74. [Google Scholar] [CrossRef] [PubMed]

	29. 
Pacifico, L.; Di Martino, M.; de Merulis, A.; Bezzi, M.; Osborn, J.F.; Catalano, C.; Chiesa, C. Left ventricular dysfunction in obese children and adolescents with nonalcoholic fatty liver disease. Hepatology 2014, 59, 461–470. [Google Scholar] [CrossRef] [PubMed]

	30. 
Singh, G.K.; Vitola, B.E.; Holland, M.R.; Sekarski, T.; Patterson, B.W.; Magkos, F.; Klein, S. Alterations in ventricular structure and function in obese adolescents with nonalcoholic fatty liver disease. J. Pediatr. 2013, 162, 1160–1168. [Google Scholar] [CrossRef] [PubMed]





© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).







nav.xhtml


  children-04-00057


  
    		
      children-04-00057
    


  




  





