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ABS TRACT  
 

 

BACKGROUND 

Childhood obesity is now a public health problem worldwide. The need for 

exploring more neurobiological aspects in eating behaviours and therefore over 

nourishment early in life becomes imperative. One behavioural disorder of 

childhood which has an increasing prevalence rate in children is attention deficit 

hyperactivity disorder (ADHD). With a common neurobiological correlate in both 

these conditions, it may be assumed that both diseases may have preponderance for 

mutual inclusivity. We wanted to estimate the proportion of overweight among 

children diagnosed with ADHD, who attended the Child Psychiatry OPD, 

Government Medical College Hospital, Thiruvananthapuram, Kerala, for one year. 

 

METHODS 

This cross-sectional study was conducted on 110 children who were newly 

diagnosed with ADHD. Body mass index was assessed in these children and the 

proportion of subjects who were overweight was obtained. 

 

RESULTS 

The mean age of the study participants was 10.3 + 2.98 years. 90 % of the study 

subjects were males and 10 % were females. 46 children were over 85th percentile- 

21 (19.1 %) were obese (>97th percentile) and 25 (22.7%) were overweight. 64 

children were under the 85th percentile, 55 (50 %) were of normal weight and 9 

(8.2 %) were underweight. 

 

CONCLUSIONS 

The proportion of overweight children in a sample of ADHD children was more than 

the national average of overweight among child and adolescent population. - This 

shows that children with ADHD symptoms have increased predictability to be 

overweight. 
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BACK GRO UND  
 

 

 

Attention deficit hyperactivity disorder (ADHD) is now a 

common childhood behavioural disorder.1 It is characterized 

by pervasive and impairing symptoms of inattention, 

hyperactivity, and impulsivity according to DSM-V.2 As 

attention, cognition and motor functions are controlled by 

different areas of the central nervous system (CNS), it could 

imply that selective areas of the CNS may be involved 

depending on the predominant clinical expression. ADHD is 

increasingly being recognized as a disorder affecting 

executive functions, which are a wide range of central 

cognitive functions that play a critical role in the management 

of multiple tasks of daily life. The multiple short terms and 

long-term sequelae make it a major public health problem. 

The symptoms of ADHD are multidimensional, suggesting the 

interaction of neuroanatomical and neurochemical systems. It 

is now considered that this condition involves functional and 

anatomical dysfunction in the frontal cortex and basal ganglia 

segments of the cortico-basal ganglia-thalamocortical 

circuit.3,4 This network involves the lateral prefrontal cortex, 

the dorsal anterior cingulate cortex, and the caudate nucleus 

and putamen.5 These areas support the regulation of 

attentional resources, the programming of complex motor 

behaviours, and the learning of responses to reinforcement. 

ADHD is now becoming increasingly diagnosed and studied 

worldwide. The incidence of ADHD along with other 

psychiatric disorders is high and so it is being extensively 

explored. A comparatively lesser number of researches are 

done to find the association of ADHD with general medical 

conditions. One notable observation in recent years is that 

ADHD prevalence has risen in parallel with the rising 

prevalence of childhood obesity. There is increasing evidence 

pointing to a significant association between 

overweight/obesity and ADHD in children as well as in 

adults. It has also been reported that children with ADHD 

have an elevated risk for obesity later in life. 

India has been conventionally considered to be plagued 

with childhood malnutrition. But several recent studies have 

come up showing an increased prevalence of obesity in both 

rural and urban children.6 This coexistence of both 

undernutrition and overnutrition in the public health realm is 

alarming.7 This becomes significant especially as the 

prevalence of hypertension, type 2 diabetes and other 

obesity-related diseases are rampant in our adult population. 

Thus, reducing the incidence of obesity might be a major 

public health issue in future. Moreover, the highly increased 

rates of obesity-related conditions in young adult populations 

should motivate us to search vigorously for finding the cause 

of obesity earlier in childhood and intervene at the onset 

itself to prevent the complications. It is thus imperative to 

study more about the factors leading to obesity. 

Research exploring the relation between ADHD and 

obesity is still in its infancy. A common genetic, structural, 

and neurophysiological factor may play a role in both these 

conditions. It becomes important to understand the 

sociodemographic, neuropsychological, and environmental 

determinants of the relation between obesity and ADHD, in 

exploring the link between these two diseases. 

Various studies in different populations worldwide have 

reported an increased prevalence of overweight /obesity in 

children with ADHD.8 There are not sufficient data regarding 

the prevalence of overweight among children with ADHD 

from India. Hence, in this study, an attempt was made to 

assess the weight status of children with ADHD. 

 

 
 

ME TH OD S  
 

 

This cross-sectional study was conducted on 110 children 

who were newly diagnosed with ADHD, and attended the 

Child Psychiatry OPD, Government Medical College Hospital, 

Thiruvananthapuram, Kerala. The study was conducted after 

obtaining the institutional ethics committee approval (IEC 

No: 08/8/2012 MCT). Prior informed consent was obtained 

from the parents of all the subjects before collecting the data. 

The details were recorded in the proforma after obtaining the 

consent. 

The sample size was fixed on the primary objective. The 

study conducted by Curtin C et al.9 was used to calculate the 

sample size. 

Screening for ADHD: The diagnosis of ADHD was done 

based on the Diagnostic and Statistical Manual of Mental 

Disorders, 5th edition (DSM-V). 

Assessment of Bodyweight: Overweight is defined as a 

BMI > 85th percentile of weight for age and gender according 

to the criterion by the World Health Organization (WHO) 

growth reference chart of BMI.10 The WHO defines ‘‘normal 

weight’’ as that ranging between 3rd and 84th percentile, 

‘‘overweight’’ as ranging between 85th and 96th percentile, 

and ‘‘obesity’’ as equal to or greater than 97th percentile. 

 

 

In clu si o n Cr i ter i a  

Children included in this study met the following criteria: 

1. Newly diagnosed ADHD according to the Diagnostic and 

Statistical Manual of Mental Disorders, Fifth Edition 

(DSM-V) falling under any of the subtypes: ADHD 

inattentive type, ADHD hyperactive-impulsive type, and 

ADHD combined type; 

2. Aged between 5 and 17 years; 

3. IQ above 80 based on the WISC-R; 

 

 

Ex clu si o n Cr i ter i a  

Subjects were excluded if they had: 

1. Any other mental illness or neurodevelopmental 

disorders. 

2. Any physical disabilities (hearing, visual or locomotor 

impairment). 

3. On treatment for ADHD (on drugs like methylphenidate, 

clonidine, or atomoxetine). 

4. Any other longstanding physical illnesses. 

 

 

S ta ti s ti cal  Me thod s  

Statistical analyses were performed with SPSS 15.0 version 

for Windows. Subjects were stratified into two groups 

according to the weight/BMI classification as per WHO 

criterion. First, demographic and baseline characteristics of 

children with ADHD were compared between these groups. 

The proportion of overweight was estimated. 
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RES ULT S  
 

 

 
Age( Years) Number of Children Percentage 

5 -9 40 36.4% 
9-13 52 47.3% 

13-17 18 16.3% 
Total 110 100 

Table 1. Distribution of Study Subjects Based on Age 

 

The mean age of the study participants was 10.3 + 2.98 

years. 

 
Gender Number Percentage 

Boys 99 90.0 
Girls 11 10.0 
Total 110 100.0 

Table 2. Distribution of Study Subjects Based on Gender 

 

Of the 110 study participants, 99 (90 %) were boys and 

11 (10 %) were girls. 

 
BMI Frequency Percent 

<85th percentile( normal and underweight) 64 58.2 
>85th percentile(overweight and obese) 46 41.8 

Total 110 100.0 

Table 3. The Proportion of Overweight among ADHD Children 

 

Of the 46 participants who were over 85th percentile, 21 

(19.1 %) were obese (> 97th percentile) and 25 (22.7 %) were 

overweight. Of the 64 who were under the 85th percentile, 55 

(50 %) were of normal weight and 9 (8.2 %) were 

underweight. 

 

 
Figure 1. Association between Age and BMI 

 

Bivariate analysis between two age categories (less than 12 

years and more than 12 years) did not show any significant 

association between age and body mass index. 

 
  Overweight 

Total 
  Over Wt. Others 

Age 
>=12 28 35 63 
<12 17 30 47 

Total 45 65 110 
Chi-Square-0.762a, df-1, P Value -0.383 

 

Association between gender and body mass index. 

The bivariate analysis did not show any significant 

relationship between gender and body mass index (BMI) 

 
  Overweight 

Total 
  Over Wt. Others 

Gender 
Girls 6 5 11 
Boys 39 60 99 

Total 45 65 110 

Chi-Square-0.94, df-1, P-Value -0.332 
 

 

DI SCU S SI ON  
 

 

The proportion of study subjects with BMI more than 85th 

percentile for age and gender was 41.8 %. Of these, 20 % 

were obese (97th percentile) and 21.8 % were overweight 

(between 85th and 97th percentile). The mean BMI obtained 

in the study was 18.7 + 4.2. 

Thus, the present data reveals that the proportion of 

overweight was more in children with ADHD when compared 

to the general population. It has been reported that children 

with ADHD have an elevated risk for obesity in both 

epidemiological11 and clinical samples.12,13,14 The findings of 

this study is in line with previous reports by others15,16,17 and 

point towards the probability of overweight/obesity being 

yet another comorbid condition among children with ADHD. 

Many theoretical models have been proposed regarding 

the factors linking ADHD and body weight regulation. It can 

be thought that ADHD and obesity/overweight need not 

rather be considered as a mutually exclusive phenomenon 

but a continuum (spectra) in which one progresses to the 

next. 

Neural regulation of human cellular metabolism is 

maintained by many nuclei each of which has a critical role in 

the energy balance.18-24 Hypothalamus was considered to play 

a prominent role in regulating energy balance, earlier. The 

role of other important brain structures was deciphered only 

recently. The factors other than the metabolic needs, involved 

in eating behaviours were described more recently. These 

factors influencing and motivating the food intake include the 

rewarding features of the food, emotion, and cognition. They 

modulate the non-homeostatic/ hedonic control of food 

intake. The hedonic control centres are mainly the 

hippocampus, amygdala, ventral tegmental area (VTA), 

nucleus accumbens and prefrontal cortex. These areas 

control the reward pathways which make highly palatable 

foods attractive even in a well-fed state similar to the effects 

seen in drug abuse.25. 

Although both these pathways work together to control 

food intake, the hedonic circuit may prevail over homeostatic 

pathways in the satiated state by increasing the desire to 

ingest highly palatable foods.26 Substances that stimulate 

dopamine release from neurons in the VTA that project to the 

nucleus accumbens (ventral striatum) are highly addictive 

including high calorie food.27-29 This increased release of 

dopamine results in the rewarding response to highly 

palatable foods (those typically high in fat and sugar). 

Interestingly obese individuals appear to show a greater 

response to food cues in these areas compared to their lean 

counterparts30,31 in PET scans and fMRI studies. These 

findings have shown that obese individuals anticipate greater 

dopaminergic reward pathway activation from eating and 

appetitive food cues, and may stimulate greater appetitive 

drive in heavier individuals, making them eat more. Thus 

consumption of high calorie food in the absence of hunger is 

probably a result of multiple neural signals comprising of 

pleasurable feelings of reward, learning and impaired satiety, 

together culminating in excess energy intake eventually 

leading to increased storage in the form of fat. 

The role played by genetics cannot be ignored. Obesity is 

commonly seen in families, and inheritance is usually not 

Mendelian. Many genes are implied to cause an obese 

weight

underweight

normal

overweight

obese



Jemds.com Original Research Article 

 
J Evolution Med Dent Sci / eISSN - 2278-4802, pISSN - 2278-4748 / Vol. 10 / Issue 45 / Dec. 23, 2021                                                                      Page 3873 
 
 
 

phenotype. Mutations in MC4R are particularly of interest as 

the same mutation is said to cause ADHD too. 

Although behavioural disorders predispose to obesity, 

they may in turn arise from obesity as well.32 The 

directionality of this comorbidity has not yet been 

understood well. Probably, obesity and ADHD might be 

different expressions of common underlying pathology. This 

postulation has been explained by several hypotheses.33,34 

One recurrent observation is the genetic dysfunction 

(DRD4, DAT)35 of the dopaminergic system, commonly seen 

in obesity, abnormal eating behaviours, and ADHD.36 The 

deficiency of dopamine receptors and faulty transport of 

dopamine back into the cytosol leads to an imbalance in the 

dopaminergic reward system. This results in reduced 

attention to performing tasks.37 Thus ADHD symptoms arise, 

especially due to reduced dopamine (DA) in the mesolimbic 

system. Consequently, they will be unable to delay 

gratification,38 become less sensitive to reinforcement 

schedules39,40 and prefer immediate rewards. This may 

contribute to abnormal impulsive eating habits41 and 

promote the tendency to binge on easily accessible unhealthy 

food of high calories which will also lead to overweight/ 

obesity. 

 

 
 

 

CONC LU S ION S  
 

 

 

The proportion of overweight children in a sample of ADHD 

children was more than the national average of overweight 

among child and adolescent population. - This shows that 

children with ADHD symptoms have increased predictability 

to be overweight. 

In light of the personal and social burden that comorbid 

ADHD adds to obesity and considering that the treatment of 

ADHD might improve the management of obesity itself, the 

need for further studies on this comorbidity is necessary. 

Longitudinal evidence suggests that childhood ADHD persists 

into adulthood in 60–70 % of cases and thus can be perceived 

as a lifespan disorder with childhood-onset.42,43 If so, its 

potential role as a risk factor for other childhood and adult 

organic diseases cannot be ignored. 
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full text of this article at jemds.com. 

Financial or other competing interests: None. 

Disclosure forms provided by the authors are available with the full 

text of this article at jemds.com. 

 

 
 

R EFER EN CE S  
 

 

[1] Greenhill LL, Hechtman LI. Attention-

deficit/hyperactivity disorder. In: Sadock BJ, Sadock VA, 

Ruiz P, eds. Kaplan & Sadock's comprehensive textbook 

of psychiatry. 9th edn. Philadelphia: Lippincott Williams 

& Wilkins 2009. 

[2] American Psychiatric Association. Diagnostic and 

statistical manual of mentaldisorders. 5th edn. 

Washington, DC: American Psychiatric Association 2013. 

[3] Swanson JM, Kinsbourne M, Nigg J, et al. Etiologic 

subtypes of attention-deficit/hyperactivity disorder: 

Brain imaging, molecular genetic and environmental 

factors and the dopamine hypothesis. Neuropsychol Rev 

2007;17(1):39-59. 

[4] Castellanos FX, Lee PP, Sharp W, et al. Developmental 

trajectories of brain volume abnormalities in children 

and adolescents with attention-deficit/hyperactivity 

disorder. JAMA 2002;288(14):1740-8. 

[5] Castellanos FX, Margulies DS, Kelly C, et al. Cingulate–

precuneus interaction; a new locus of dysfunction in 

adult attention-deficit/hyperactivity disorder. Biol 

Psychiatry 2008;63(3):332-7. 

[6] Kalra S, Unnikrishnan AG. Obesity in India: the weight of 

the nation. J Med Nutr Nutraceut 2012;1:37-41. 

[7] Garg C, Khan SA. Prevalence of obesity in Indian women. 

Obes Rev 2010;11(2):105-8. 

[8] Curtin C, Bandini LG, Perrin EC, et al. Prevalence of 

overweight in children and adolescents with attention 

deficit hyperactivity disorder and autism spectrum 

disorders: a chart review. BMC Pediatrics 2005;5:48. 

[9] Waring ME, Lapane KL. Overweight in children and 

adolescents in relation to attention-deficit/hyperactivity 

disorder: results from a national sample. Pediatrics 

2008;122(1):e1–6. 

[10] World Health Organisation. Physical status: the use and 

interpretation of anthropometry. Technical Report 

Series-854. Geneva: WHO 1995.  

[11] Waring ME, Lapane KL (2008) Overweight in children 

and adolescents in relation to attention-

deficit/hyperactivity disorder: results from a national 

sample. Pediatrics 122: e1–6. 

[12] Curtin C, Bandini LG, Perrin EC, Tybor DJ, Must A (2005) 

Prevalence of overweight in children and adolescents 

with attention deficit hyperactivity disorder and autism 

spectrum disorders: a chart review. BMC pediatrics 5: 

48. 

[13] Chen AY, Kim SE, Houtrow AJ, et al. Prevalence of obesity 

among children with chronic conditions. Obesity (Silver 

Spring) 2010;18(1):210–3. 

[14] Holtkamp K, Konrad K, Muller B, et al. Overweight and 

obesity in children with attention-deficit/hyperactivity 

disorder. Int J Obes Relat Metab Disord 2004;28(5):685–

9. 

[15] Lam LT, Yang L. Overweight/obesity and attention deficit 

and hyperactivity disorder tendency among adolescents 

in China. Int J Obes (Lond) 2007;31(4):584-90. 

[16] Erermis S, Cetin N, Tamar M, et al. Is obesity a risk factor 

for psychopathology among adolescents? Pediatr Int 

2004;46(3):296-301. 

[17] Fleming JP, Levy LD, Levitan RD. Symptoms of attention 

deficit hyperactivity disorder in severely obese women. 

Eat Weight Disord 2005;10(1):e10-3. 

[18] Grill HJ. Leptin and the systems neuroscience of meal 

size control. Front Neuroendocrinol 2010;31(1):61-78. 

[19] Myers MG, Munzberg H, Leinninger GM, et al. The 

geometry of leptin action in the brain: more complicated 

than a simple ARC. Cell Metab 2009;9(2):117-23.   

[20] Narayanan NS, Guarnieri DJ, DiLeone RJ. Metabolic 

hormones, dopamine circuits and feeding Front 

Neuroendocrinol 2010:31(1):104-12.  

[21] Grill HJ. Distributed neural control of energy balance: 

contributions from hindbrain and hypothalamus. Obesity 

(Silver Spring) 2006;14 Suppl 5:216-21. 



Jemds.com Original Research Article 

 
J Evolution Med Dent Sci / eISSN - 2278-4802, pISSN - 2278-4748 / Vol. 10 / Issue 45 / Dec. 23, 2021                                                                      Page 3874 
 
 
 

[22] Watts AG. Neuropeptides and the intergration of motor 

responses to dehydration. Annu Rev Neurosci 

2001;24:357-84. 

[23] Hayes MR, Skibicka KP, Leichner TM, et al. Endogenous 

leptin signalling in the caudat neucleus tractus solitarius 

and area postrema is required for energy balance 

regulation. Cell Metab 2010;11(1):77-83.  

[24] Hayes MR, De Jonghe BC, Kanoski SE. Role of glucagon 

like peptide 1 receptor in the control of energy balance. 

Physiol Behav 2010;100(5):503-10. 

[25] Faulconbridge LF, Hayes MR. Regulation of energy 

balance and body weight by the brain: a distributed 

system prone to disrupation. Psychiatr Clin N Am 

2011;34(4):733-45. 

[26] Lutter M, Nestler EJ. Homeostatic and hedonic signals 

interact in the regulation of food intake. J Nutr 

2009;139(3):629-32. 

[27] Hajnal A, Smith GP, Norgren R. Oral sucrose stimulation 

increases accumbens dopamine in the rat. Am J Physiol 

Regul Integr Comp Physiol 2004;286(1):R31-7.  

[28] Berridge KC, Robinson TE. What is the role of dopamine 

in reward: hedonic impact, reward learning, or incentive 

salience? Brain Res Rev 1998;28(3):309-69.  

[29] Nestler EJ. Molecular basis of long term plasticity 

underlying addiction. Nat Rev Neurosci 2001;2(2):119-

28. 

[30] Rosenbaum M, Sy M, Pavlovich K, et al. Leptin reverses 

weight loss induced changes in regional neural activity 

responses to visual food stimuli. J Clin Invest 

2008;118(7):2583-91.  

[31] Stoeckel LE, Weller RE, Cook EW, et al. Widespread 

reward system activation in obese woman in response to 

pictures of high calorie foods. Neuroimage 

2008;41(2):636-47.  

[32] Cugini P, Cilli M, Salandri A, et al. Anxiety, depression, 

hunger and body composition: III. Their relationships in 

obese patients. Eat Weight Disord 1999;4(3):115–20. 

[33] Odent M. Attention deficit hyperactivity disorder 

(ADHD) and obesity: two facets of the same disease? Med 

Hypotheses 2010;74(1):139-41. 

[34] Cortese S, Angriman M, Maffeis C, et al. Attention-deficit/ 

hyperactivity disorder (ADHD) and obesity: a systematic 

review of the literature. Crit Rev Food Sci Nutr 

2008;48(6):524-37. 

[35] Poston WS, Ericsson M, Linder J, et al. D4 dopamine 

receptor gene exon III polymorphism and obesity risk. 

Eat Weight Disord 1998;3(2):71-7. 

[36] Liu LL, Li BM, Yang J, et al. Does dopaminergic reward 

system contribute to explaining comorbidity obesity and 

ADHD? Med Hypotheses 2008;70(6):1118–20. 

[37] Volkow ND, Wang GJ, Fowler JS, et al. Imaging the effects 

of methylphenidate on brain dopamine: new model on 

its therapeutic actions for attention-deficit/hyperactivity 

disorder. Biol Psychiatry 2005;57(11):1410-5. 

[38] Sonuga-Barke EJ. Causal models of attention-

deficit/hyperactivity disorder: from common simple 

deficits to multiple developmental pathways. Biol 

Psychiatry 2005;57(11):1231-8. 

[39] Luman M, Oosterlaan J, Sergeant JA. The impact of 

reinforcement contingencies on AD/HD: a review and 

theoretical appraisal. Clin Psychol Rev 2005;25(2):183-

213. 

[40] Volkow ND, Wang GJ, Fowler JS, et al. Evidence that 

methylphenidate enhances the saliency of a 

mathematical task by increasing dopamine in the human 

brain. Am J Psychiatry 2004;161(7):1173–80. 

[41] Davis C, Levitan RD, Smith M, et al. Associations among 

overeating, overweight, and attention 

deficit/hyperactivity disorder: a structural equation 

modelling approach. Eat Behav 2006;7(3):266-74. 

[42] Kessler RC, Adler LA, Barkley R, et al. Patterns and 

predictors of attention-deficit/hyperactivity disorder 

persistence into adulthood: results from the national 

comorbidity survey replication. Biol Psychiatry 

2005;57(11):1442–51. 

[43] Biederman J, Mick E, Faraone SV. Age-dependent decline 

of symptoms of attention deficit/hyperactivity disorder: 

impact of remission definition and symptom type. Am J 

Psychiatry 2000;157(5):816-8. 

 
 


