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  Abstract  

 
 

Evidences from psychological and neurological studies have depicted 

similarity between substance use disorders such as alcoholism and 

excessive internet use, as both are characterized as a behavioural 

addiction. Moreover, neuro-imaging has helped to determine some 

alterations, including decreased gray matter volume and density in 

the anterior cingulate cortex as well as exaggerated reactivity of the 

striatum. However, little is known about the molecular basis of the 

underlying brain dysfunctions. A few studies have demonstrated 

some associations with molecular genetic markers. Dopamine and 

serotonin have been implicated as in many other addictions. In 

addition, a genetic variation on the CHRNA4 gene (a constituent of 

the cholinergic pathways of the brain), which has been associated 

with trait anxiety and smoking, is also found to be relevant to Internet 

addiction.  The neuronal circuit for sadness is known to be down 

regulated by the hormone oxytocin and sadness has been linked with 

the overall general and problematic internet use and its 

manifestations such as mood regulation. Low empathy, with possible 

links to oxytocin, has also been found to be associated with higher 

Internet addiction. The present overview aims to demonstrate and 

understand individual differences in Internet addiction and focus on 

potential genetic and molecular mechanisms underlying the 

development and maintenance of Internet addiction. 
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1. Introduction  

According to the data provided by Internet worldstats 49.2% population of the world had access to internet 

by June 2016. [1] However, concern over the potential harmful effects of excessive Internet usage on our 
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mental health is rising day by day [2]. The term Internet addiction was coined 20 years ago by Young [3]-[4]. 

The term problematic Internet use is also used sometime. The symptoms include preoccupation with the 

Internet, withdrawal when not being online and also negative repercussions in one's own life due to excessive 

usage such as may eventually result in marked distress and functional impairments of general life such as 

academic performance, social interaction, occupational interest and behavioral problems [5]. It has been 

classified into three major subtypes: Internet gaming disorder (IGD), sexual preoccupations, and email/text 

messaging [6]. Excessive internet use has been characterised as a behavioural addiction and similarities with 

substance abuse disorders such as alcoholism has been found like low self directedness and high neuroticism 

[7]-[10].Common neurological alterations have also been noticed, including decreased gray matter 

volume/density in the anterior cingulate cortex (ACC) or exaggerated reactivity of the striatum [11]-[12], [2]. 

In addition to associations between Internet addiction and problematic alcohol consumption[13]-[14], 

associations with other neuronal disorders; particularly depression and attention deficit hyperactivity disorder 

(ADHD) have also been reported [15]-[18]. Davis (2001) suggests that at the core of this problem is a 

potential delusional thought of being a champion in the online world and a nobody in the offline world [19]. 

This thought is often strengthened by plentiful online interactions, achievements in online computer games or 

getting liked and followed because of funny or kind or messages on burning issues via online social 

networking sites/apps. This repeat mechanism can result either in a generalized form of Internet addiction or 

in distinct forms of excessive Internet usage in areas such as online social networks, Internet gaming, online 

shopping, online gambling or online pornography [20]. Alarmingly, Diagnostic and Statistical Manual of 

Mental Disorders, fifth edition has included the term Internet Gaming Disorder as an emerging disorder [21].  

Brand et al. (2014) have studied the dysfunctions in the fronto striatal limbic circuit in Internet addiction, 

which might help to understand the biological basis of excessive Internet usage. Internet addicts when offered 

with internet related cues, release strong dopaminergic bursts originating from striatal regions along with 

diminished enforcement functions in the dorsolateral prefrontal cortex. This may gradually lead to a loss of 

control over internet use [22]. Moreover, the mechanisms leading to the development and maintenance of 

Internet addiction have common aspect of sharing subcortical systems of dopamine mediated mesolimbic 

pathway [23].Another important structure showing reduction in Internet Addiction Disorder is the corpus 

callosum [24]. Compromised fiber connectivity within the corpus callosum is common in subjects with 

substance dependence [25]. Reduced bilateral genu and body of the corpus callosum have been reported in 

Internet Addiction Disorder subjects suggesting that heavy internet overuse, similar to substance abuse, may 

damage white matter of the corpus callosum [25]. The brain structure changes and cognitive control deficits 

were observed in Internet Gaming Disorder adolescents.Cognitive control refers to the ability to control one’s 

own actions, behavior, and even thoughts. Reduced cognitive control ability in terms of longer reaction time 

and more response errors along with abnormal brain Gray Matter Volume were observed compared with the 

control group. [26]. However,less is known about the molecular basis of the underlying brain dysfunctions 

involved in internet addiction disorder and this overview attempts to delineate individual differences in 

Internet addiction and focus on potential biological mechanisms. 

2. Research Method 

The assessment was done by as per preferred reporting items for systematic review. Pubmed search was 

performed using the key words “internet addiction” problematic internet use” internet addiction disorder” 

“excessive internet use”. Only those records were selected which had studied any gene or molecule related to 

the key words. 

 

3. Results and Analysis  
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Figure 1      Figure 2 

 

Neurotransmitters and hormones:Zhang et al (2013) performed a study on participants consisting of 15 

adolescents without IAD and 20 who had been diagnosed with IAD. The participants completed self-reports 

on anxiety and depression and their blood levels of serotonin, dopamine, and norepinephrine were tested 

[27]. The imbalance in the levels of dopamine (DA), serotonin, and/or norepinephrine (NE), has been found 

to be associated with the onset of mood and anxiety disorders [28]-[31]. Hence, it was hypothesized that 

people with IAD with higher rates of self reported anxiety and depressive symptoms would have altered 

levels of peripheral blood dopamine, norepinephrine and serotonin. It was found that the participants with 

IAD indeed had much lower levels of norepinephrine than the control participants, although the dopamine 

and serotonin levels were similar (Figure 1). However, it is to be noted that, as NE is a metabolic product of 

Dopamine, it may be deduced that IAD may be associated with altered monoamine functional activity as a 

whole. However, as the sample size is small, further rigorous studies are required in this field. In another 

study by Liu and Leo (2015) on 33 Adolesecents with IAD against 33 gender and age matched controls 

significant rise in peripheral dopamine levels were observed (Figure 2). A significant positive correlation 

between the plasma dopamine level and the weekly online time (r = 0.380, P < 0.01) was observed [32]. It 

indicates that more the online time is spent by an individual, more is the plasma level of dopamine. Addictive 

drugs are known to increase the release of dopamine in the brain and when dopamine is released in certain 

areas of the brain it gives the feeling of pleasure or satisfaction. The addicted person grows a desire for this 

satisfaction. To satisfy the desire, the person repeats the behaviors that cause the release of dopamine [32]-

[33]. That is how any addiction emerges and the increase in online time spent can be related to the increase in 

plasma dopamine levels in IAD patients . 

Genetic basis: Several studies have provided evidence for involvement of serotonergic system along with 

dopaminergic system in internet addiction. Atmaca in 2007 reported that administration of selective serotonin 

reuptake inhibitors (SSRIs) may help in the treatment of Internet addiction [34]. The serotonin reuptake 

transporter gene (5HTT) has been studied in detail by several groups. It is located on chromosome 17q11.1-

q12 and has a functional polymorphism in the variable repeat sequence in the promoter region (5HTTLPR) 

[35]-[36]. 5HTTLPR has been pointed out to be an important candidate in the regulation of serotonergic 

neuro-transmission. The homozygous long allelic variant (L) is found to be associated with higher 

concentrations of 5HTT messenger RNA and a greater rate of reuptake than variants containing the short 

allelic variant (S) [36]-[37]. These findings have led to the proposition that this 5HTTLPR polymorphism 

(specially, the presence of the S allele of 5HTTLPR) may play a key role in the cause behind internet 

addiction [38] just as in depression [39]-[40] and substance dependence [36]. In the case control study 

involving 16 age and educational background matched participants performed by (Lee et al., 2008) on korean 

adolescents, it was found that the internet addicted group had a score of more than double on the internet 

addiction scale as compared to control ones [38]. The homozygous short allelic variant of the serotonin 

transporter gene (SS-5HTTLPR) was more prevalent in the internet addicted group (χ2=4.38, df=1, pb0.05). 

The presence of the short 5HTTLPR allele has been linked to various forms of drug addiction as well as 

depression [40]-[41]. Hence, Internet addiction subjects demonstrate characteristics of depression and anxiety 
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in terms of serotonin transporter polymorphism. Another candidate gene found involved in internet addiction 

is the one coding for nicotinic acetylcholine receptor subunit alpha 4 (CHRNA4). This gene has been found 

to be involved in anxiety and addiction [42]. In addition to this , study by Tsai et al. (2012) has shown that 

elderly males who are carriers of the T-allele variant are less depressed and lonely [43]. It can be proposed 

that a anxious phenotype of this gene has the risk of becoming internet addictive along with other addictions 

as internet addiction is highly associated with anxiety  and low self esteem[8]-[9]. in a case control study on 

132 sex and age matched participants each, it was hypothesized that CC variant of this gene rs1044396 was 

associated with Internet addiction and it was found that the association between Internet addiction and 

genetic variation on CHRNA4 is driven by females (χ2 = 6.37, df = 1, P = 0.01, ϕ = 0.25) and not males (χ2 

= 0.34, df = 1,P = 0.56) [44]. As discussed till now , a major cause of any addiction is sadness and 

neuropeptide oxytocin is known to down regulate sadness [45]. Hence, low oxytocin levels could be a factor 

which makes an individual predisposed to sadness and addiction. Genetic association between variation of 

the OXTR gene and Internet addiction has been studied by Sariyska et al. (2016) [46]. From a large study 

over parts of Europe and Asia , they reported that only male carriers of the TT genotype for OXTR 

polymorphism (rs2268498), showed significantly lower Problematic Internet Use values (p<05) than C allele 

carriers [46].  

All, these reports suggest that dopaminergic system might be the common pathway for internet addiction like 

many other addictions as it is involved in the reward pathway. Internet addiction primarily arises from. 

emotional distress like sadness, low self esteem and neuroticism and hence the basic and initial impetus is to 

increase dopamine release in brain. However, other than the last [46], all these studies suffer from the lacunae 

of small sample size. Hence, future studies are needed on the genetic epistasis effects between the 

dopaminergic and the cholinergic systems to get a better understanding of the underlying biological 

mechanism of Internet addiction on a larger cohort. 

4. Conclusion  

This overview in its preliminary capacity would like to conclude that individual differences in arousal and 

maintenance of Internet addiction may be credited to the genetic differences in dopaminergic and cholinergic 

pathways in brain. 

References 

[1] (http://www.internetworldstats.com/stats.htm) 

[2] Montag, C. and Reuter M., “Internet Addiction,” Cham: Springer International Publishing, 2015a. 

[3] Young, K. S., “Psychology of computer use: XL. Addictive use of the Internet: a case that breaks the stereotype,” 

Psychological Reports,Vol. 79, pp. 899–902, 1996. 

[4] Young, K. S., “Internet addiction: the emergence of a new clinical disorder,” Cyberpsychological Behaviour, Vol. 1, 

pp. 237–244. 1998. 

[5] Huang, R. et al.,  X., Wang, J., Zhang, H., Zhang, Y., and Li, M. “Proposed diagnostic criteria for internet addiction,” 

Addiction, Vol. 105, pp. 556–564. 2010. 

[6] Piers, R., “Should DSM V Designate ‘Internet Addiction’ a Mental Disorder,” Psychiatry, Vol. 6, pp. 31-37. 2009. 

[7] Basiaux, P., le Bon, O., Dramaix, M., Massat, I., Souery, D., Mendlewicz, J., et al. “Temperament and Character 

Inventory (TCI) personality profile and subtyping in alcoholic patients: a controlled study,”Alcohol Alcohol, Vol. 36, pp. 

584-587. 2001. 

[8] Montag, C., Jurkiewicz, M., and Reuter, M. “Low self directedness is a better predictor for problematic internet use 

than high neuroticism,” Computational  Human Behaviour, Vol. 26, pp. 1531–1535. 2010. 

[9] Montag, C., Flierl, M., Markett, S., Walter, N., Jurkiewicz, M., and Reuter, M. “Internet addiction and personality in 

first person shooter video gamers,” Journal of Media Psychology, Vol. 23, pp. 163–173. 2011a. 

[10] Sariyska, R., Reuter, M., Bey, K., Sha, P., Li, M., Chen, Y. F., et al. “Self esteem, personality and internet addiction: 

a cross cultural comparison study,” Personality and  Individividual Difference,Vol. 61, pp. 28–33. 2014. 

http://www.ijmra.us/


 ISSN: 2320-0294 Impact Factor: 6.765  

139 International Journal of Engineering, Science and Mathematics 

http://www.ijmra.us, Email: editorijmie@gmail.com 

 

[11] Goldstein, R. Z., Craig, A. D, Bechara, A., Garavan, H., Childress, A. R., Paulus, M. P., et al. “The neurocircuitry of 

impaired insight in drug addiction,” Trends in Cognitive Science,Vol. 13, pp. 372–380. 2009. 

[12] Zhou, Y., Lin, F. C., Du, Y. S., Zhao, Z. M., Xu, J. R., and Lei, H. “Gray matter abnormalities in Internet addiction: 

a voxel based morphometry study,” European Journal Radiology,Vol.79, pp. 92–95. 2011. 

[13] Ko, C. H., Yen, J. Y., Yen, C. F., Chen, C. S., Weng, C. C., and Chen, C. C. “The association between Internet 

addiction and problematic alcohol use in adolescents: the problem behavior model,” Cyberpsychological Behaviour, 

Vol.11, pp. 571–576. 2008. 

[14] Yen, J. Y., Ko, C. H., Yen, C. F., Chen, C. S., and Chen, C. C. “The association between harmful alcohol use and 

Internet addiction among college students; comparison of personality,” Psychiatry Clinical Neuroscience, Vol. 63, pp. 

218–224. 2009. 

[15] Young, K. S. and Rogers, R. C, “The relationship between depression and Internet addiction,” Cyberpsychological 

Behaviour, Vol 1, pp. 25–28. 1998. 

[16] Ha, J. H., Yoo, H. J., Cho, I. H., Chin, B., Shin, D., and Kim, J. H. “Psychiatric comorbidity assessed in Korean 

children and adolescents who screen positive for Internet addiction,” Journal of Clinical Psychiatry, Vol 67, pp. 821–826. 

2006. 

[17] Yen, J. Y., Ko, C. H., Yen, C. F., Wu, H. Y., and Yang, M. J. “The comorbid psychiatric symptoms of Internet 

addiction: attention deficit and hyperactivity disorder (ADHD), depression, social phobia, and hostility,” Journal of 

Adolescent Health, Vol. 41, pp.93–98.2007. 

[18]Sariyska, R., Reuter, M., Lachmann, B., and Montag, C. “Attention deficit/hyperactivity disorder is a better predictor 

for problematic Internet use than depression: evidence from Germany,” Journal of Addictive Research and Therapy. Vol. 

6, pp.209.2015. 

[19] Davis, R. A., “A cognitive behavioral model of pathological Internet use,” Computers in Human Behaviour. Vol. 

17,pp.187–195.2001. 

[20]Montag, C., Bey, K., Sha, P., Li, M., Chen, Y. F., Liu, W. Y., et al. “Is it meaningful to distinguish between 

generalized and specific Internet addiction? Evidence from a crosscultural study from Germany, Sweden, Taiwan and 

China,” Asia Pacific Psychiatry. Vol.7, pp. 20–26. 2015b. 

[21]Petry, N. M., and O'Brien, C. P., “Internet gaming disorder and the DSM5,” Addiction. Vol.108, pp.1186–1187. 

2013.  

[22]Brand, M., Young, K. S., and Laier, C., “Prefrontal control and Internet addiction: a theoretical model and review of 

neuropsychological and neuroimaging findings,” Frontiers in Human Neuroscience. Vol. 8, pp.375. 2014. 

[23] Pierce, R. C., and Kumaresan, V., “The mesolimbic dopamine system: the final common pathway for the reinforcing 

effect of drugs of abuse?,” Neuroscience Biobehavioural Review. Vol.30, pp. 215–238. 2006.  

[24]Lin, F., Zhou, Y., Du, Y., Qin, L., Zhao, Z.,Xu, J., Lei, H., “Abnormal White Matter Integrity in Adolescents with 

Internet Addiction Disorder: A Tract-Based Spatial Statistics Study,” PLoS ONE. Vol. 1, pp. 30253. 2012. 

[25]Arnone, D., Abou-Saleh, M.T., Barrick, T.R., “Diffusion tensor imaging of the corpus callosum in addiction,” 

Neuropsychobiology. Vol. 54, pp. 107–113. 2006.  

[26] Cools, R., and D’Esposito, M., “Inverted-U-Shaped dopamine actions on human working memory and cognitive 

control,” Biology and Psychiatry. Vol 69, pp. 113--125. 2011. 

[27] Zhang, H. X., Jiang, W. X., Lin, Z. G., Du, Y. S., Vance, A., “Comparison of Psychological Symptoms and Serum 

Levels of Neurotransmitters in Shanghai Adolescents with and without Internet Addiction Disorder: A Case- Control 

Study,” PLoS ONE. Vol. 8, pp. 3089. 2013. 

[28] D’Aquila, P. S., Collu, M., Gessa, G.L., Serra, G., “The role of dopamine in the mechanism of action of 

antidepressant drugs,” Europian Journal of Pharmacology. Vol 405, pp. 365–373. 2000. 

[29] Kent, J.M., Coplan, J.D., Gorman, J.M., “Clinical utility of the selective serotonin reuptake inhibitors in the 

spectrum of anxiety,” Biological Psychiatry. Vol. 44, pp. 812–824. 1998. 

[30] Akimova, E., Lanzenberger, R., Kasper, S., “The serotonin-1A receptor in anxiety disorders,” Biological Psychiatry. 

Vol. 66, pp. 627–635. 2009. 

http://www.ijmra.us/


 ISSN: 2320-0294 Impact Factor: 6.765  

140 International Journal of Engineering, Science and Mathematics 

http://www.ijmra.us, Email: editorijmie@gmail.com 

 

[31] Harley, C.W., “Norepinephrine and serotonin axonal dynamics and clinical depression: a commentary on the 

interaction between serotonergic and noradrenergic axons during axonal regeneration,” Experimental Neurobiology. Vol. 

184, pp. 24–26. 2003. 

[32] Liu, M. and Luo J. “Relationship between peripheral blood dopamine level and internet addiction disorder in 

adolescents: a pilot study,” International Journal of Clinical and Experimental Medicine. Vol. 8, pp. 9943-9948. 2015. 

[33] Cash, H., Cosette, D. R, Steel, A. H., Winkler, A., “Internet Addiction: A Brief Summary of Research and Practice,” 

Current Psychiatry Reviews. Vol. 8, pp. 292-298. 2012. 

[34] Atmaca, M., “A case of problematic Internet use successfully treated with an SSRI antipsychotic Combination,” 

Progress in Neuro- Psychopharmacology and Biological Psychiatry. Vol.31, pp. 961–962. 2007.  

[35] Ramamoorthy, S., Bauman, A.L.,Moore, K.R., Han, H., Yang-Feng, T., Chang, A.S., Ganapathy, V., Blakely, R.D.,  

“Antidepressant and cocaine-sensitive human serotonin transporter: molecular cloning, expression, and chromosomal 

localization,” Proceedings of the National Academy of Science U. S. A. Vol.90, pp. 2542–2546. 1993. 

[36] Lesch, K.P., Bengel, D., Heils, A., Sabol, S.Z., Greenberg, B.D., Petri, S., Benjamin, J., Muller, C.R., Hamer, D.H., 

Murphy, D.L., “Association of anxiety-related traits with a polymorphism in the serotonin transporter gene regulatory 

region,” Science. Vol. 274, pp. 1527–1531. 1996. 

[37] Greenberg, B.D., Tolliver, T.J., Huang, S.J., Li, Q., Bengel, D., Murphy, D.L., “Genetic variation in the serotonin 

transporter promoter region affects serotonin uptake in human blood platelets,” American Journal of Medical Genetics. 

Vol. 88, pp. 83–87. 1999. 

[38] Lee, Y. S., Han, D.H.,Yang, k. C., Daniels M. A., Na, C., Kee, B. S., Renshaw, P. F., “Depression like 

characteristics of 5HTTLPR polymorphism and temperament in excessive internet users,” Journal of Affective Disorders. 

Vol. 109, pp. 165 -169. 2008. 

[39] Blier, P., and de Montigny, C., “Serotonin and drug-induced therapeutic responses in major depression, obsessive–

compulsive and panic disorders” Neuropsychopharmacology. Vol. 21, pp. 91–98. 1999.  

[40] Wrase, J., Reimold, M., Puls, I., Kienast, T., Heinz, A., “Serotonergic dysfunction: brain imaging and behavioral 

correlates,” Cognitive Affect. Behavioural Neuroscience Vol. 6, pp. 53–61. 2006.  

[41] Marques, F.Z., Hutz, M.H., Bau, C.H., “Influence of the serotonin transporter gene on comorbid disorders among 

alcohol-dependent individuals,” Psychiatry and Genetics. Vol. 16, pp. 125–131. 2006.  

[42] Markett, S., Montag, C., Reuter, M., “The nicotinic acetylcholine receptor gene CHRNA4 is associated with 

negative emotionality.” Emotion Vol.11, pp. 450–455. 2011a. 

[43] Tsai, S.J., Yeh, H.L., Hong, C.J., et al. “Association of CHRNA4 polymorphism with depression and loneliness in 

elderly males,” Genes Brain and Behaviour. Vol. 11, pp. 230–234. 2012 

[44] Montag, C., Kirsch, P., Sauer, C., Psych., D.,  Markett, S.,Reuter, M., “The Role of the CHRNA4 Gene in Internet 

Addiction A Case-control Study, ”  Journal of  Addictive Medicine. Vol. 6, pp. 191-195. 2012. 

[45] Panksepp, J., “Affective Neuroscience: The Foundations of Human and Animal Emotions,” Oxford: University 

press. 1998b. 

[46] Sariyska, R., Lachmann, B., Reuter, M., Cheng, C., Gnisci, A., Kaliszewska Czeremska, K., et al. “Internet use: 

molecular influences of a functional variant on the OXTR gene, the motivation behind using the Internet, and 

crosscultural specifics,” Personal  Individual Differences. Vol.101, pp. 512. 2016. 

 

 

http://www.ijmra.us/

