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				Abstract

				Background. A relationship between attention deficit hyperactivity disorder (ADHD) and obesity has been consistently documented. Obesity and metabolic syndrome have been associated with misalignment between daily activities and circadian rhythm. ADHD patients have a high prevalence of delayed sleep phase syn-drome, which is a circadian rhythm disorder. Understanding this relationship is important for the evaluation of obese population at risk. Objective. The aim of this narrative review was to summarize the information updated until 2019 about the role of circadian rhythms in obese ADHD individuals. Method. A search was per-formed in MEDLINE, EMBASE, and Google Scholar database. The terms ADHD, obesity, circadian rhythm, sleep disorders, adolescent, adult, Adolesc, circadian, attention deficit hyperactivity disorder, and child were combined with logical functions. Results. A total of 132 articles were reviewed. Evidence showed that ADHD subjects have an increased risk to present obesity and circadian rhythms disorders. Some possible pathways for this relationship have been hypothesized including obesity as a risk factor, an underpinned common bi-ological dysfunction, and behavioral and cognitive features of individuals with ADHD. As most of the articles are methodologically cross-sectional, it is not possible to establish causative associations. Discussion and conclusion. This review points out the importance of early recognizing and treating circadian rhythms disor-ders and obesity in ADHD patients. Future studies must be carried out with a longitudinal design to establish the effect of each comorbidity in the treatment of individuals with ADHD.

				Keywords: Attention deficit hyperactivity disorder, circadian rhythms, obesity.

				Resumen

				Antecedentes. La relación entre el trastorno por déficit de atención con hiperactividad (TDAH) y la obesidad se ha documentado consistentemente. Por otro lado, el síndrome metabólico y la obesidad se han asociado con un desfase del ritmo circadiano. En poblaciones clínicas con TDAH se han encontrado una alta pre-valencia del trastorno de fase de sueño retrasada, el cual es un trastorno del ritmo circadiano. Entender la relación entre estos padecimientos es importante para evaluar la población en riesgo de obesidad. Objetivo. Resumir la información actualizada hasta 2019 sobre el rol del ritmo circadiano en individuos obesos con TDAH. Método. Se realizó una búsqueda de artículos en las bases de datos MEDLINE, EMBASE y Google Scholar. Los términos TDAH, obesidad, ritmos circadianos, trastornos del sueño, adolescentes, adultos y ni-ños se combinaron con operadores lógicos. Resultados. Se revisaron un total de 132 artículos. La evidencia demostró que los sujetos con TDAH tienen un alto riesgo de sufrir obesidad y ritmos circadianos alterados. Existen algunas hipótesis para establecer esta relación, incluyendo la obesidad como factor de riesgo para TDAH, la disfunción biológica común entre estos trastornos y las características conductuales y cognitivas de los individuos con TDAH. Sin embargo, como la mayoría de los artículos son transversales, no es posible establecer una asociación causal. Discusión y conclusión. Esta revisión señala la importancia del recono-cimiento temprano y tratamiento de los trastornos del ritmo circadiano y obesidad en pacientes con TDAH. Estudios futuros deben realizarse de manera longitudinal para establecer el efecto de estas comorbilidades en el tratamiento de los individuos con TDAH.

				Palabras clave: Trastorno por déficit de atención e hiperactividad, ritmos circadianos, obesidad.
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				Background

				In the past years, several studies have documented the close relationship among circadian rhythms, attention deficit hyperactivity disorder (ADHD), and obesity (Vogel et al., 2015; Cortese et al., 2016; Pagoto et al., 2009).

				Obesity is defined as an excess of body fat, estimated by a relationship between height and weight, specific for age and sex. Obesity in children older than two years is diagnosed when body mass index (BMI) is above the 95th percentile. In countries like the United States obesity is more common in children and adolescents (Lobstein et al., 2015).

				An increase in the rates of obesity and overweight prev-alence in younger populations has been observed worldwide (WHO, 2014). According to the 2018 Mexico’s National Health Survey, 15% of adolescents 12 to 19 years old, that live in urban cities, have obesity. In contrast, only 13% of the adolescents of the same ages have obesity in smaller Mexi-can cities (Romero-Martínez et al., 2019). It is known that individuals with a psychiatric disorder are in a higher risk to develop obesity (Simon et al., 2006). Depression is the most prevalent comorbidity followed by several other psychiatric disorders including ADHD (Cortese et al., 2016; Hubel, Jass, Marcus, & Laessle, 2006; Quintero et al., 2016).

				ADHD is a neurodevelopmental disorder with a 5.2% worldwide prevalence throughout the life cycle (Polanczyk, Salum, Sugaya, Caye, & Rohde, 2015). In Mexico, a 1.6% prevalence has been estimated between adolescentes from 12 to 17 years old in a community study (Benjet et al., 2016).

				Cross-sectional studies have shown that up to 30% of adults with ADHD have obesity (Raziel, Sakran, & Goitein, 2014). In turn, longitudinal studies have found associations between childhood ADHD and obesity in later life pointing to an obesity risk that increases over time (Cortese et al., 2016; 2013b). Several studies have proposed that one of the mechanisms that interplays in the relationship between ADHD and obesity might be sleeping disorders, specifical-ly circadian rhythms disorders and insomnia. (Weinberg & Brumback, 1990; Türkoğlu, & Çetin, 2019).

				The aim of this narrative review was to gather and sum-marize the information updated until 2019 about the role of circadian rhythms in obese ADHD individuals.

				Method

				In order to provide an overview of the evidence regarding the role of circadian rhythms in patients with ADHD and obesity, a series of searches were performed in MEDLINE, EMBASE, and Google Scholar. We used the terms ADHD, obesity, circadian rhythm, sleep disorders, adolescent, adult, adolesc, circadian, attention deficit hyperactivity dis-order, child. These terms were combined with logical func-tions and operators using the “OR, AND & NOT”, specific 

			

		

		
			
				for each search engine, to reduce and specify the resulting papers.

				MEDLINE search was conducted through Pubmed. More than 15 search terms were used; textual words were searched and Medical Subject Headings (MeSH) were also employed. We obtained 115 references that were download-ed. EMBASE search was carried out in Elsevier through EMBASE. Same terms were used as well as textual words, resulting in 12 additional useful references. Next, we used Google Scholar resulting in five additional downloaded ar-ticles. Finally, a total of 132 articles were used for the pres-ent narrative review: each article was reviewed and later approved by at least two of the authors.

				Results

				Circadian rhythms

				Circadian rhythm stands for endogenous rhythms entrained in a period of approximately 24 hours and are present even in the absence of external time cues (Huang, Ramsey, Marche-va, & Bass, 2011; Bailey, Udoh, & Young, 2014). The in-tegration of circadian systems involves a widely distributed network of local tissue clocks in the brain and the periphery (Huang et al., 2011). In humans, circadian rhythms are or-ganized and guided by suprachiasmatic nucleus (SN), also known as primary oscillator, which involves projections to hypothalamus including arcuate nucleus (ARN), paraventric-ular nucleus, lateral hypothalamic area, and dorsomedial hy-pothalamus; areas from the brainstem like ventral tegmental area and to the brainstem in the dorsomedial nucleus vagus, through medial preoptic area, and periventricular nucleus (Hastings, Maywood, & Brancaccio, 2018). Circadian sys-tems are organized hierarchically, thus the suprachiasmatic nucleus oscillator (Moore, 2013) presides over peripheral clocks. Examples of these are the 24-hour variation of glu-cose, insulin, and leptin levels (Fonken & Nelson, 2014).

				Zeitgebers (time-givers) are time cues that phase shift circadian clocks (Bailey et al., 2014). Light is the main zeit-geber as it resets the central nervous system clock (SCN) via the retinohypothalamic tract (Bailey et al., 2014), and the one that generates synchronized rhythms of behavior and physiology (e.g. awake-sleep) through the alignment of gene oscillation of extra-SCN neurons as well as peripher-al tissues (Huang et al., 2011). Furthermore, there are oth-er zeitgebers such as food, glucocorticoid level, and body temperature which are able to reset the phase of peripheral clocks (Huang et al., 2011).

				Genes of circadian clock are known to intervene in metabolic pathways of lipids, carbohydrate, and proteins. One example is the glucose homeostasis, about which it is currently known that there is a hepatocyte circadian clock with day variations for the glycogenesis and the glycogen 
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				turnover which are independent of food intake. These os-cillations are diminished in hepatocyte specific BMAL 1 knockout mice (Doi, Oishi, & Ishida, 2010; Pantazopoulos, Gamble, Stork, & Amir, 2018).

				Currently there are other external factors such as the prolonged exposure to artificial light, shift work, and social demands which might be the underlying factors from which some psychopathologies may emerge or moderate other metabolic outcomes (McHill, Hull, McMullan, & Klerman, 2018; Touitou, Reinberg, & Touitou, 2017).

				Obesity and circadian rhythms

				Obesity and metabolic syndrome have been associated with the presence of misalignment between daily activities and the circadian rhythm. The first studies performed with “shift workers” have shown a correlation between this poor alignment and higher mortality rates due to complications of metabolic syndrome and diabetes (Arble, Ramsey, Bass, & Turek, 2010) and cardiovascular alterations (Mosendane, Mosendane, & Raal, 2008). When comparing obese “meta-bolically healthy” versus obese “metabolically unhealthy”, social jet lag has been found to be more prevalent in meta-bolically unhealthy individuals and it has also been associ-ated with elevated glycosylated hemoglobin (Parsons et al., 2015). The circadian rhythm could affect sleep and general metabolism. For example, oscillations in cortisol and thy-roid stimulating hormone levels in plasma are present when the subject sleeps as a measure to prevent the reinforcement of the activation during the night (Copinschi, Spiegel, Lep-roult, & Van Cauter, 2000) and these oscillations have as a candidate for their mechanism cellular molecules of the CLOCK genes, which confer advantage to the cell for an-ticipation, preparing the organism for an extracellular stim-ulus/stress prior to its appearance (Edery, 2000; Takahashi, Shimomura, & Kumar, 2008). When considering the regu-lation by environmental clues, light is not the only zeitgeber as aforementioned, but there are also peripheral zeitgebers that include the quantity, quality, and time of feeding. For example, an abrupt change for days in the feeding sched-ule gradually shifts the internal peripheral clocks (Hirota & Fukada, 2004); voluntary scheduled exercise, exogenous melatonin or serotonergic activation are also able to change the endogenous circadian rhythms. Presumably, the fact of sleeping at different light and darkness times leads to an obesogenic behavior, but evidence shows that glucose me-tabolism is not purely behaviorally mediated (Zee, Attarian, & Videnovic, 2013). For example, it has been found both in humans as in rodents that there is an increase in circulating glucose levels prior to awakening (Shea, Hilton, Orlova, Ayers, & Mantzoros, 2005). In the case of short-term sleep, it has been found that the individual characteristics that pre-dict the onset of obesity are high behavioral disinhibition to eating and low calcium intake (Chaput, Després, Bouchard, 

			

		

		
			
				& Tremblay, 2012). A longer duration of sleep has been as-sociated with lower levels of diastolic and systolic pressure (Grant, Franzini, Wild, & Walker, 1998). The relationship between circadian rhythms and metabolism is bidirectional. A diet high in fat lengthens the locomotor activity, alters circadian rhythms of feeding, reduces amplitude, and shifts the phase of the gene expression of gene cycles in liver and hypothalamus (Kohsaka & Bass, 2007; Huang et al., 2011).

				An inadequate amount of sleep leads to stress in the endoplasmic reticulum of hypothalamic neurons and to al-terations in neuropeptides that regulate appetite, as reduced levels of leptins, increased levels of ghrelin and reduced central biological activity of orexin, all of which converge in reduce satiety and increase of food intake (Hakim, Khei-randish-Gozal, & Gozal, 2015; Mavanji, Teske, Billington, & Kotz, 2010).

				Obesity and ADHD

				There are various studies underlining the importance of the correlation between ADHD and obesity. Clinical and epi-demiologic studies have suggested that children with clin-ically diagnosed ADHD are heavier than the average child (Cortese & Tessari, 2017). Conversely, overweight children are twice as likely to exhibit elevated rates of ADHD symp-toms than their average weight counterparts (Aguirre Casta-neda et al., 2016). Until now, research has mainly examined ADHD as a risk factor for obesity, and there is a lack of pro-spective longitudinal and epidemiological studies, so the di-rection of the potential link remains unevaluated (Khalife et al., 2014). Nevertheless, three possible pathways have been hypothesized: 1. Obesity/overweight or factors associated with Obesity/overweight (such as sleep-disordered breath-ing) lead to ADHD symptoms, 2. ADHD and obesity are underpinned common biological dysfunction, and 3. ADHD contributes to obesity (Cortese & Tessari, 2017). Research has also suggested that children with ADHD have difficul-ties regarding motor skills (Poeta & Rosa-Neto, 2007) that in combination with altered eating patterns and decreased levels of physical fitness leaves them with an increased risk for obesity in comparison to children without ADHD (Que-sada, Ahmed, Fennie, Gollub, & Ibrahimou, 2018).

				Other considerations are that behavioral and cognitive features of the individuals with ADHD may contribute to obesity. This is demonstrated in studies that found a posi-tive correlation between ADHD symptoms, impulsivity and altered eating patterns, including binge eating or emotional induced eating or seasonal affective disorder (Cortese et al., 2016; Patte et al., 2016). Even after controlling for depres-sion or anxiety symptoms, ADHD symptoms were correlat-ed with bulimic conducts (Cortese, Konofal, Bernardina, Mouren, & Lecendreux, 2008).

				Studies that analyze the relationship of childhood dis-ruptive disorder as a mediating factor of obesity in ADHD 
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				individuals have found that having conduct disorder resulted in a higher BMI at all ages compared to the individuals with-out conduct disorder (Anderson, Cohen, Naumova, & Must, 2006). An ecologic study carried out in students in the 13 to 17 age range, found a positive correlation between ADHD scores symptoms and higher risk of obesity (OR = 1.07), but there was no association with overweight (Lam & Yang, 2007).

				Regarding the adult presentation of ADHD, a study found that obesity was more prevalent in adults with ADHD than those adults that never met diagnostic criteria (29 vs. 21%, respectively) (Pagoto et al., 2009).

				Circadian rhythms disruptionin obese ADHD patients

				As mentioned earlier, circadian rhythms are entrained in a 24-hour loop, that regulates not only sleep, but several func-tions in our body. It has been proposed that a disruption of these rhythms may be the link between ADHD and obesity (Vogel et al., 2015). ADHD has been related with a high prevalence of the delayed sleep phase syndrome (DSPS) (Schrader, Bovim, & Sand, 1993). This means that ADHD patients who have DSPS are prone to have a chronic sleep debt (Coogan & McGowan, 2017). Furthermore, some epidemiological and clinical studies have reported that a chronic expression of a brief sleep pattern is associated with a higher prevalence of obesity in adults (Buxton et al., 2012) and in children (Cappuccio et al., 2008).

				The hypocretin/orexin system (HOS) is one of the neu-robiological systems implicated in this relationship. The HOS is involved in the control of sleep/wakefulness and feeding (Chieffi et al., 2017), therefore disturbances in this system can result in a deficit of alertness, an increase in apetite, and a decrease in satiety (Nixon et al., 2015) mani-fested by binge eating, which are common in patients with ADHD (Pagoto et al., 2009; Vogel et al., 2015).

				Mechanisms involved in Obesity,circadian rhythms and ADHD

				Common neurobiological and genetic pathways are rele-vant when trying to explain the association between circa-dian rhythms, obesity, and ADHD.

				A study suggests that individuals with ADHD present altered eating patterns in the presence of a reward deficien-cy syndrome, especially when linked to a common biolog-ical dysfunction of the 7R allele of dopamine D4 receptor (DRD4) that affects prefrontal attentional areas and brain rewards pathways (Bazar, Yun, Lee, Daniel, & Doux, 2006). This implies that individuals with altered eating patterns and ADHD may present common genetically determined dysfunctions in the dopaminergic system.

				Brain-derived neurotrophic factor (BNDF) dysregu-lation has been studied and showed controversial results. 

			

		

		
			
				There are studies that underline its importance in the de-velopment of obesity and ADHD through the regulation of satiety and motor hyperactivity at least in mice models (Kernie, Liebl, & Parada, 2000), but these findings have been hard to replicate. A study found a correlation between ADHD and other neurodevelopmental disorders with obe-sity through 11p14.1 microdeletions, where the BNDF gene is considered to be located (Shinawi et al., 2011), that also may be linked to circadian rhythms disruptions, mediat-ed by the presence of other psychiatric comorbidities like anxiety or depression (Chaudhury, Liu, & Han, 2015). A study that compared ADHD patients and controls found that ADHD patients had higher BMI and attributed this finding to a combination between sleep duration and unstable eat-ing patterns (Vogel et al., 2015). Finally, a cross-sectional study found that up to 86% of children/adolescents with ADHD and a preference for morning cognitive activities or a more morningness preference circadian rhythm have normal BMI, contrary to the subjects with a preference for eveningness cognitive activities or circadian rhythm where only 7.8% of ADHD subjects had normal BMI. They also found that eveningness circadian rhythm preference was associated with obesity independently of ADHD symp-toms (Türkoğlu, & Çetin, 2019). All data suggest together a complex interaction between ADHD, obesity, and circadian rhythms.

				Discussion and conclusion

				The main finding of this review is that ADHD subjects have increased risk for obesity and other psychopathology asso-ciated. We also found a consistent link between the pres-ence of circadian rhythm disorders and obesity in ADHD patients, but since most of them are methodologically cross-sectional, it is not possible to establish causative as-sociations. Despite this limitation, the results can be useful for the clinician.

				Several studies highlight the importance of identifying obesity and circadian rhythms disruptions in order to better treat ADHD patients. Overlooking these comorbidities may result in a low quality of life, higher health expenses, and a diminishment in life expectancy (Cortese et al., 2016).

				After this review, we found that treating a person with obesity seems to have better response than to treat a person with ADHD and obesity (Pagoto et al., 2009). On the bright side, the treatment of ADHD symptoms, regardless of sex, will increase the probability of a better response in the treat-ment of altered eating patterns and obesity (Cortese & Cas-tellanos, 2014). When planning for a treatment of ADHD and obesity, clinician should assess other common psychi-atric disorders such as anxiety that may also interfere in the treatment response (Cortese, Faraone, Bernardi, Wang, & Blanco, 2013a).
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				Most studies identified in our search are cross-section-al, limiting assessment of time and how other pathways may interfere in the ADHD, circadian rhythm disorders and obesity relationship. The search was limited to English lan-guage papers which may have limited the overall scope of studies identified for this review.

				Taking this limitation into account, one aspect that strengthens this review is the methodological quality, since each paper was reviewed under a specific criterion.

				The information summarized in this paper points out to the importance of ADHD diagnosis from a longitudinal per-spective where ADHD symptoms and lifestyle contribute to the morbidity (e.g., obesity) and long-term social impair-ment. Clinicians must be aware of the importance of the as-sessment of weight, circadian rhythm, and social ques that may contribute to enhance the relationship between ADHD and obesity. The development of prevention programs is needed in order to address risk factors for comorbidities.

				Recently, new directions about the role of circadian rhythms in ADHD patients with obesity have been proposed. These studies bring new insights into sleep and the circadian regulation of metabolism. Future studies must be carried out using in a longitudinal design to establish the effect of each comorbidity in the treatment of individuals with ADHD.

				Funding

				None.

				Conflicts of interest

				Dr. Frinné Galicia Moreno has received income, per diem and sup-port for continuing education from Laboratorios Shire/Takeda; Dr. Francisco R. de la Peña Olvera has served as an exhibitor for Lab-oratorios Shire/Takeda, and Eli Lilly, and has also received income, per diem and support for continuing education and/or research from Laboratorios Shire/Takeda, Eli Lilly, Springer Edit., from the Miguel Alemán Foundation and the Consejo Nacional de Ciencia y Tec-nología, Mexico. Dr. Lino Palacios Cruz has served as an exhibitor for Novartis, Janssen, Eli Lilly and Shire, he was on the board of No-vartis and Janssen; he has received income, per diem and support for continuing education and/or research from Laboratorios Shire/Take-da, Eli Lilly, Janssen, Novartis, and the Miguel Alemán Foundation. “The rest of the authors declare they have no conflicts of interest.”

				References

				Aguirre Castaneda, R. L., Kumar, S., Voigt, R. G., Leibson, C. L., Barbaresi, W. J., Weaver, A. L., ... Katusic, S. K. (2016). Childhood attention-deficit/hyperactivity disorder, sex, and obesity: A longitudinal population-based study. Mayo Clinic Proceedings, 91(3), 352-361. doi: 10.1016/j.mayocp.2015.09.017

				Anderson, S. E., Cohen, P., Naumova, E. N., & Must, A. (2006). Relationship of childhood behavior disorders to weight gain from childhood into adulthood. Ambulatory Pediatrics, 6(5), 297-301. doi: 10.1016/j.ambp.2006.06.002

				Arble, D. M., Ramsey, K. M., Bass, J., & Turek, F. W. (2010). Circadian disruption and metabolic disease: Findings from animal models. Best Practice & Research Clinical Endocrinology & Metabolism, 24(5), 785-800. doi: 10.1016/j.beem.2010.08.003

				Bailey, S. M., Udoh, U. S., & Young, M. E. (2014). Circadian regulation of metabolism. Journal of Endocrinology, 222(2), R75-R96. doi: 10.1530/joe-14-0200

			

		

		
			
				Bazar, K. A., Yun, A. J., Lee, P. Y., Daniel, S. M., & Doux, J. D. (2006). Obesity and ADHD may represent different manifestations of a common environmental oversampling syndrome: a model for revealing mechanistic overlap among cognitive, metabolic, and inflammatory disorders. Medical Hypotheses, 66(2), 263-269. doi: 10.1016/j.mehy.2005.02.042

				Benjet, C., Borges, G., Méndez, E., Albor, Y., Casanova, L., Orozco, R., ... Medina-Mora, M. E. (2016). Eight-year incidence of psychiatric disorders and service use from adolescence to early adulthood: longitudinal follow-up of the Mexican Adolescent Mental Health Survey. European Child & Adolescent Psychiatry, 25(2), 163-173. doi: 10.1007/s00787-015-0721-5

				Buxton, O. M., Cain, S. W., O’Connor, S. P., Porter, J. H., Duffy, J. F., Wang, W., ... Shea, S. A. (2012). Adverse metabolic consequences in humans of prolonged sleep restriction combined with circadian disruption. Science Translational Medicine, 4(129), 129ra143. doi: 10.1126/scitranslmed.3003200

				Cappuccio, F. P., Taggart, F. M., Kandala, N., Currie, A., Peile, E., Stranges, S., & Miller, M. A. (2008). Meta-analysis of short sleep duration and obesity in children and adults. Sleep, 31(5), 619-626. doi: 10.1093/sleep/31.5.619

				Chaput, J. P., Després, J. P., Bouchard, C., & Tremblay, A. (2012). Longer sleep duration associates with lower adiposity gain in adult short sleepers. International Journal of Obesity, 36(5), 752-756. doi: 10.1038/ijo.2011.110

				Chaudhury, D., Liu, H., & Han, M. H. (2015). Neuronal correlates of depression. Cellular and Molecular Life Sciences, 72(24), 4825-4848. doi: 10.1007/s00018-015-2044-6

				Chieffi, S., Carotenuto, M., Monda, V., Valenzano, A., Villano, I., Precenzano, F., … Messina, A. (2017). Orexin system: The key for a healthy life. Frontiers in Physiology, 8, 357. doi: 10.3389/fphys.2017.00357

				Coogan, A. N., & McGowan, N. M. (2017). A systematic review of circadian function, chronotype and chronotherapy in attention deficit hyperactivity disorder. ADHD Attention Deficit and Hyperactivity Disorders, 9(3), 129-147. doi: 10.1007/s12402-016-0214-5

				Copinschi, G., Spiegel, K., Leproult, R., & Van Cauter, E. (2000). Pathophysiology of human circadian rhythms. Mechanisms and Biological Significance of Pulsatile Hormone Secretion: Novartis Foundation Symposium, 227, 143-157; discussion 157-162. Chichester, UK: John Wiley & Sons, Ltd. doi: 10.1002/0470870796.ch9

				Cortese, S., & Castellanos, F. X. (2014). The relationship between ADHD and obesity: implications for therapy. Expert Review of Neurotherapeutics, 14(5), 473-479. doi: 10.1586/14737175.2014.904748

				Cortese, S., Faraone, S. V., Bernardi, S., Wang, S., & Blanco, C. (2013a). Adult attention-deficit hyperactivity disorder and obesity: epidemiological study. The British Journal of Psychiatry, 203(1), 24-34. doi: 10.1192/bjp.bp.112.123299

				Cortese, S., Konofal, E., Bernardina, B. D., Mouren, M. C., & Lecendreux, M. (2008). Does excessive daytime sleepiness contribute to explaining the association between obesity and ADHD symptoms?. Medical Hypotheses, 70(1), 12-16. doi: 10.1016/j.mehy.2007.04.036

				Cortese, S., Moreira-Maia, C. R., St Fleur, D., Morcillo-Peñalver, C., Rohde, L. A., & Faraone, S. V. (2016). Association between ADHD and obesity: A systematic review and meta-analysis. American Journal of Psychiatry, 173(1), 34-43. doi: 10.1176/appi.ajp.2015.15020266

				Cortese, S., Ramos Olazagasti, M. A., Klein, R. G., Castellanos, F. X., Proal, E., & Mannuzza, S. (2013b). Obesity in men with childhood ADHD: A 33-year controlled, prospective, follow-up study. Pediatrics, 131(6), e1731-e1738. doi: 10.1542/peds.2012-0540

				Cortese, S., & Tessari, L. (2017). Attention-Deficit/Hyperactivity Disorder (ADHD) and obesity: Update 2016. Current Psychiatry Reports, 19(1), 4. doi: 10.1007/s11920-017-0754-1

				Doi, R., Oishi, K., & Ishida, N. (2010). CLOCK regulates circadian rhythms of hepatic glycogen synthesis through transcriptional activation of Gys2. Journal Biological Chemistry, 285(29), 22114-22121. doi: 10.1074/jbc.M110.110361

				Edery, I. (2000). Circadian rhythms in a nutshell. Physiological Genomics, 3(2), 59-74. doi: 10.1152/physiolgenomics.2000.3.2.59

				Fonken, L. K., & Nelson, R. J. (2014). The effects of light at night on circadian clocks and metabolism. Endocrine Reviews, 35(4), 648-670. doi: 10.1210/er.2013-1051

			

		

	
		
			
				Galicia et al.

			

		

		
			
				Salud Mental, Vol. 44, Issue 1, January-February 2021

			

		

		
			
				30

			

		

		
			
				Grant, D. A., Franzini, C., Wild, J., & Walker, A. M. (1998). Cerebral circulation in sleep: vasodilatory response to cerebral hypotension. Journal of Cerebral Blood Flow & Metabolism, 18(6), 639-645. doi: 10.1097/00004647-199806000-00006

				Hakim, F., Kheirandish-Gozal, L., & Gozal, D. (2015). Obesity and Altered Sleep: A Pathway to Metabolic Derangements in Children? Seminars in Pediatric Neurology, 22(2), 77-85. doi: 10.1016/j.spen.2015.04.006

				Hastings, M. H., Maywood, E. S., & Brancaccio, M. (2018). Generation of circadian rhythms in the suprachiasmatic nucleus. Nature Reviews Neuroscience, 19(8), 453-469. doi: 10.1038/s41583-018-0026-z

				Hirota, T., & Fukada, Y. (2004). Resetting mechanism of central and peripheral circadian clocks in mammals. Zoological Science, 21(4), 359-368. doi: 10.2108/zsj.21.359

				Huang, W., Ramsey, K. M., Marcheva, B., & Bass, J. (2011). Circadian rhythms, sleep, and metabolism. The Journal of Clinical Investigation, 121(6), 2133-2141. doi: 10.1172/jci46043

				Hubel, R., Jass, J., Marcus, A., & Laessle, R. G. (2006). Overweight and basal metabolic rate in boys with attention-deficit/hyperactivity disorder. Eating and Weight Disorders-Studies on Anorexia, Bulimia and Obesity, 11(3), 139-146. doi: 10.1007/BF03327559

				Kernie, S. G., Liebl, D. J., & Parada, L. F. (2000). BDNF regulates eating behavior and locomotor activity in mice. The EMBO Journal, 19(6), 1290-1300. doi: 10.1093/emboj/19.6.1290

				Khalife, N., Kantomaa, M., Glover, V., Tammelin, T., Laitinen, J., Ebeling, H., ... Rodriguez, A. (2014). Childhood attention-deficit/hyperactivity disorder symptoms are risk factors for obesity and physical inactivity in adolescence. Journal of the American Academy of Child & Adolescent Psychiatry, 53(4), 425-436. doi: 10.1016/j.jaac.2014.01.009

				Kohsaka, A., & Bass, J. (2007). A sense of time: how molecular clocks organize metabolism. Trends in Endocrinology & Metabolism, 18(1), 4-11. doi: 10.1016/j.tem.2006.11.005

				Lam, L. T., & Yang, L. (2007). Overweight/obesity and attention deficit and hyperactivity disorder tendency among adolescents in China. International Journal of Obesity, 31(4), 584-590. doi: 10.1038/sj.ijo.0803526

				Lobstein, T., Jackson-Leach, R., Moodie, M. L., Hall, K. D., Gortmaker, S. L., Swinburn, B. A., ... McPherson, K. (2015). Child and adolescent obesity: part of a bigger picture. Lancet, 385(9986), 2510-2520. doi: 10.1016/s0140-6736(14)61746-3

				Mavanji, V., Teske, J. A., Billington, C. J., & Kotz, C. M. (2010). Elevated sleep quality and orexin receptor mRNA in obesity-resistant rats. International Journal of Obesity, 34(11), 1576-1588. doi: 10.1038/ijo.2010.93

				McHill, A. W., Hull, J. T., McMullan, C. J., & Klerman, E. B. (2018). Chronic insufficient sleep has a limited impact on circadian rhythmicity of subjective hunger and awakening fasted metabolic hormones. Frontiers in Endocrinology, 9, 319. doi: 10.3389/fendo.2018.00319

				Moore, R. Y. (2013). The suprachiasmatic nucleus and the circadian timing system. Progress in Molecular Biology and Translational Science, 119, 1-28. doi: 10.1016/b978-0-12-396971-2.00001-4

				Mosendane, Th., Mosendane, Ts., & Raal, F. J. (2008). Shift work and its effects on the cardiovascular system. Cardiovasc Journal of Africa, 19(4), 210-215.

				Nixon, J. P., Mavanji, V., Butterick, T. A., Billington, C. J., Kotz, C. M., & Teske, J. A. (2015). Sleep disorders, obesity, and aging: The role of orexin. Ageing Research Reviews, 20, 63-73. doi: 10.1016/j.arr.2014.11.001

				Pagoto, S. L., Curtin, C., Lemon, S. C., Bandini, L. G., Schneider, K. L., Bodenlos, J. S., & Ma, Y. (2009). Association between adult attention deficit/hyperactivity disorder and obesity in the US population. Obesity, 17(3), 539-544. doi: 10.1038/oby.2008.587

				Pantazopoulos, H., Gamble, K., Stork, O., & Amir, S. (2018). Circadian Rhythms in Regulation of Brain Processes and Role in Psychiatric Disorders. Neural Plasticity, 2018, 5892657. doi: 10.1155/2018/5892657

				Parsons, M. J., Moffitt, T. E., Gregory, A. M., Goldman-Mellor, S., Nolan, P. M., Poulton, R., & Caspi, A. (2015). Social jetlag, obesity and metabolic disorder: investigation in a cohort study. International Journal of Obesity, 39(5), 842-848. doi: 10.1038/ijo.2014.201

				Patte, K. A., Davis, C. A., Levitan, R. D., Kaplan, A. S., Carter-Major, J., & Kennedy, J. L. (2016). A behavioral genetic model of the mechanisms underlying the 

			

		

		
			
				link between obesity and symptoms of ADHD. Journal of Attention Disorders, 24(10), 1425-1436. doi: 10.1177/1087054715618793

				Poeta, L. S., & Rosa-Neto, F. (2007). Motor assessment in school-aged children with indicators of the attention deficit/hyperactivity disorder. Revista de Neurologia, 44(3), 146-149.

				Polanczyk, G. V., Salum, G. A., Sugaya, L. S., Caye, A., & Rohde, L. A. (2015). Annual research review: A meta-analysis of the worldwide prevalence of mental disorders in children and adolescents. Journal of Child Psychology and Psychiatry, 56(3), 345-365. doi: 10.1111/jcpp.12381

				Quesada, D., Ahmed, N. U., Fennie, K. P., Gollub, E. L., & Ibrahimou, B. (2018). A review: Associations between attention-deficit/hyperactivity disorder, physical activity, medication use, eating behaviors and obesity in children and adolescents. Archives of Psychiatric Nursing, 32(3), P495-504. doi: 10.1016/j.apnu.2018.01.006

				Quintero, J., Félix Alcántara, M. P., Banzo-Arguis, C., Martínez de Velasco Soriano, R., Barbudo, E., ... Pérez-Templado Ladrón de Guevara, J. (2016). Psicopatología en el paciente con obesidad. Salud Mental, 39(3), 123-130. doi: 10.17711/SM.0185-3325.2016.010

				Raziel, A., Sakran, N., & Goitein, D. (2014). The relationship between attention deficit hyperactivity disorders (ADHD) and obesity. Harefuah, 153(9), 541-545, 557.

				Romero-Martínez, M., Shamah-Levy, T., Vielma-Orozco, E., Heredia-Hernández, O., Mojica-Cuevas, J., Cuevas-Nasu, L., & Rivera-Dommarco, J. (2019). Encuesta Nacional de Salud y Nutrición 2018-19: metodología y perspectivas. Salud Pública de México, 61(6, nov-dic), 917-923. Retrieved from http://saludpublica.mx/index.php/spm/article/view/11095 Fecha de Acceso Enero 20, 2020. doi: 10.21149/11095

				Schrader, H., Bovim, G., & Sand, T. (1993). The prevalence of delayed and advanced sleep phase syndromes. Journal of Sleep Research, 2(1), 51-55. doi: 10.1111/j.1365-2869.1993.tb00061.x

				Shea, S. A., Hilton, M. F., Orlova, C., Ayers, R. T., & Mantzoros, C. S. (2005). Independent circadian and sleep/wake regulation of adipokines and glucose in humans. Journal of Clinical Endocrinology & Metabolism, 90(5), 2537-2544. doi: 10.1210/jc.2004-2232

				Shinawi, M., Sahoo, T., Maranda, B., Skinner, S. A., Skinner, C., Chinault, C., ... Beaudet, A. L. (2011). 11p14.1 microdeletions associated with ADHD, autism, developmental delay, and obesity. American Journal of Medical Genetics Part A, 155(6), 1272-1280. doi: 10.1002/ajmg.a.33878

				Simon, G. E., Von Korff, M., Saunders, K., Miglioretti, D. L., Crane, P. K., van Belle, G., & Kessler, R. C. (2006). Association between obesity and psychiatric disorders in the US adult population. Archives of General Psychiatry, 63(7), 824-830. doi: 10.1001/archpsyc.63.7.824

				Takahashi, J. S., Shimomura, K., & Kumar, V. (2008). Searching for genes underlying behavior: lessons from circadian rhythms. Science, 322(5903), 909-912. doi: 10.1126/science.1158822

				Touitou, Y., Reinberg, A., & Touitou, D. (2017). Association between light at night, melatonin secretion, sleep deprivation, and the internal clock: Health impacts and mechanisms of circadian disruption. Life Sciences, 173, 94-106. doi: 10.1016/j.lfs.2017.02.008

				Türkoğlu, S., & Çetin, F. H. (2019). The relationship between chronotype and obesity in children and adolescent with attention deficit hyperactivity disorder. Chronobiology International, 36(8), 1138-1147. doi: 10.1080/07420528.2019.1622131

				Vogel, S. W., Bijlenga, D., Tanke, M., Bron, T. I., van der Heijden, K. B., Swaab, H., ... Kooij, J. J. (2015). Circadian rhythm disruption as a link between Attention-Deficit/Hyperactivity Disorder and obesity? Journal of Psychosomatic Research, 79(5), 443-450. doi: 10.1016/j.jpsychores.2015.10.002

				Weinberg, W. A., & Brumback, R. A. (1990). Primary disorder of vigilance: A novel explanation of inattentiveness, daydreaming, boredom, restlessness, and sleepiness. The Journal of Pediatrics, 116(5), P720-725. doi: 10.1016/S0022-3476(05)82654-X

				World Health Organization [WHO]. (2014). Facts and figures on childhood obesity. Commission on ending childhood obesity. Retrieved from http://www.who.int/end-childhood-obesity/facts/en

				Zee, P. C., Attarian, H., & Videnovic, A. (2013). Circadian rhythm abnormalities. Continuum: Lifelong Learning in Neurology, 19(1 Sleep Disorders), 132-147. doi: 10.1212/01.CON.0000427209.21177.aa

			

		

	OEBPS/toc.xhtml

		
			
			


		
		
		PageList


			
						25


						26


						27


						28


						29


						30


			


		
		
		Landmarks


			
						Cover


			


		
	

OEBPS/image/8.png





OEBPS/image/6.png





OEBPS/image/by-nc.png
(DS





OEBPS/image/Logo_Salud_mental.png
salud mental





OEBPS/image/1.png
salud mental

REVIEW ARTICLE
Volume 44, Issue 1, January-February 2021
doi: 10.17711/SM.0185-3325.2021.005

The role of circadian rhythms in individuals
with attention deficit hyperactivity disorder
and obesity: A narrative review

Frinné Galicia,?? Patricia Zavaleta Ramirez,? Lino Villavicencio,® Francisco R. de la Pefia,234
Karla Garza Gallegos,22¢ Adriana Arias Caballero,235 Miriam Feria,'2 Alfonso Cabrera,?
Mariana P. Escalona,?? Lino Palacios-Cruz!23

laboratorio  de  Epidemiologia
Clinica, Subdireccién de Investiga-
ciones Clinicas, Instituto Nacional
de Psiquiatria Ramén de la Fuente
Muiiiz (INPRFM), Ciudad de Méxi-
co, México.

N

Clinica de la Adolescencia, Sub-
direccion de Consulta  Externa,
Direccién de Servicios Clinicos,
INPRFM,  Ciudad de México,
México.

w

Programa de Investigacién Clinica
del TDAH a lo largo de la vida
(PROMETEO),  Subdireccion  de
Investigaciones Clinicas, INPRFM,
Ciudad de México, México.
Unidad de Fomento a la Investi-
gacioén, Direccion de  Servicios
Clinicos, INPRFM, Ciudad de
México, México.

IS

o

Facultad de Psicologia, Universidad
Nacional Auténoma de México.

o

Universidad de Londres, Psicologia,
Ciudad de México, México.

Correspondence:

lino Palacios Cruz

Subdireccién  de  Investigaciones
Clinicas, Instituto Nacional  de
Psiquiatria Ramén de la Fuente Mufiiz.
Calz. México-Xochimilco 101,

San lorenzo Huipulco,

Tlalpan, 14370,

Ciudad de México, México.

Phone: (55) 4160-5310

Email:

lino. palacios@salud-mental.org.mx

Received: 3 April 2019
Accepted: 5 February 2020

Citation:

Gadlicia, F., Zavaleta Ramirez, P., ViF
lavicencio, L., de la Pefia, F. R., Garza
Gallegos, K., Arias Caballero, A., Fe-
ria, M., ... PalaciosCruz, L. (2021).
The role of circadian thythms in indi-
viduals with attention deficit hyperac-
tivity disorder and obesity: A narrative
review. Salud Mental, 44(1), 25-30.

DOI: 10.17711/SM.0185-3325.2021.005

Salud Mental | www.revistasaludmental.mx

ABSTRACT

Background. A relationship between attention deficit hyperactivity disorder (ADHD) and obesity has been
consistently documented. Obesity and metabolic syndrome have been associated with misalignment between
daily activities and circadian rhythm. ADHD patients have a high prevalence of delayed sleep phase syn-
drome, which is a circadian rhythm disorder. Understanding this relationship is important for the evaluation
of obese population at risk. Objective. The aim of this narrative review was to summarize the information
updated until 2019 about the role of circadian rhythms in obese ADHD individuals. Method. A search was per-
formed in MEDLINE, EMBASE, and Google Scholar database. The terms ADHD, obesity, circadian rhythm,
sleep disorders, adolescent, adult, Adolesc, circadian, attention deficit hyperactivity disorder, and child were
combined with logical functions. Results. A total of 132 articles were reviewed. Evidence showed that ADHD
subjects have an increased risk to present obesity and circadian rhythms disorders. Some possible pathways
for this relationship have been hypothesized including obesity as a risk factor, an underpinned common bi-
ological dysfunction, and behavioral and cognitive features of individuals with ADHD. As most of the articles
are methodologically cross-sectional, it is not possible to establish causative associations. Discussion and
conclusion. This review points out the importance of early recognizing and treating circadian rhythms disor-
ders and obesity in ADHD patients. Future studies must be carried out with a longitudinal design to establish
the effect of each comorbidity in the treatment of individuals with ADHD.

Keywords: Attention deficit hyperactivity disorder, circadian rhythms, obesity.

RESUMEN

Antecedentes. La relacion entre el trastorno por déficit de atencién con hiperactividad (TDAH) y la obesidad
se ha documentado consistentemente. Por otro lado, el sindrome metabélico y la obesidad se han asociado
con un desfase del ritmo circadiano. En poblaciones clinicas con TDAH se han encontrado una alta pre-
valencia del trastorno de fase de suefio retrasada, el cual es un trastorno del ritmo circadiano. Entender la
relacion entre estos padecimientos es importante para evaluar la poblacién en riesgo de obesidad. Objetivo.
Resumir la informacién actualizada hasta 2019 sobre el rol del ritmo circadiano en individuos obesos con
TDAH. Método. Se realizé una blsqueda de articulos en las bases de datos MEDLINE, EMBASE y Google
Scholar. Los términos TDAH, obesidad, ritmos circadianos, trastornos del suefio, adolescentes, adultos y ni-
fios se combinaron con operadores légicos. Resultados. Se revisaron un total de 132 articulos. La evidencia
demostré que los sujetos con TDAH tienen un alto riesgo de sufrir obesidad y ritmos circadianos alterados.
Existen algunas hipétesis para establecer esta relacion, incluyendo la obesidad como factor de riesgo para
TDAH, la disfuncién biolégica comun entre estos trastornos y las caracteristicas conductuales y cognitivas
de los individuos con TDAH. Sin embargo, como la mayoria de los articulos son transversales, no es posible
establecer una asociacion causal. Discusion y conclusion. Esta revision sefiala la importancia del recono-
cimiento temprano y tratamiento de los trastornos del ritmo circadiano y obesidad en pacientes con TDAH.
Estudios futuros deben realizarse de manera longitudinal para establecer el efecto de estas comorbilidades
en el tratamiento de los individuos con TDAH.

Palabras clave: Trastorno por déficit de atencién e hiperactividad, ritmos circadianos, obesidad.
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