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Background: The recent development of the multifunctional smartphone and its subsequent 

global popularity has changed the communication and information landscape; remolded the 

interests, values, and desires of many users; and triggered concerns around the world about 

overuse and addiction. 

Methods: Recent study conducted on 100 subjects and categorized as per the duration of smart 

phone use with all participants' written informed consent. Present study evaluated cognitive 

levels among smartphone and their correlation with loneliness through different scales. 

Results: Problem caused by excessive smartphone use was significantly related to the severity of 

loneliness and levels cognitive domains. 

Conclusion: This study reports there is decline in cognitive levels with smartphone use and it is 

correlated with the loneliness too. 

Keywords: Smartphone use severity, cognitive domains, loneliness, depression, anxiety, and 

learning. 

 
Introduction 

The use of smartphones is a necessity now instead of a choice. The innovation of phones and 

various software has made our lives more convenient. However, the negative effects of our 

excessive dependence on them cannot be ignored1-2. Around the world, smartphones were used 

by 1.85 billion people in 2014 which was expected to be 2.32 billion in 2017 and 2.87 billion in 

2022. Mobile phones make our lives easier, but on the other hand, it ties us. Mobile addiction has 

physical effects and psychological and academic effects at the same time. Sleep deficit, anxiety, 

stress, and depression associated with internet abuse have also been related to mobile phone 
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usage too3. 

Many recent studies have explained the relationship between smartphones and cognitive 

functions and have argued that dependence on smartphones may increase anxiety and negatively 

affect cognitive functions 4-6. 

Another observational study reports that insomnia may lead to depression. Li et al. (2016) did a 

prospective cohort and proposed that insomnia and risk of depression are associated. DeSola 

Gutiérrez et al. (2016) revealed that problematic cell phone usage had been associated with sleep 

deficit, depression, anxiety, and stress. Cha and Seo (2018) aimed to examine the predictive 

factors of smartphone addiction in middle school students in South Korea. Two groups were 

chosen, one risk group and another normal group. The two groups expressed significantly 

different results. The predictive factors for smart phone addiction were social networking and 

awareness of game overuse. A researcher revealed that teenagers who spend more hours on their 

gadgets are highly likely more at risk of suicide. Another study by Augner and Hacker (2012) 

examined an association between over-usage or dysfunctional usage of cell phones and 

psychological health. They indicated low emotional stability, chronic stress, and depression 

correlate with phone usage. According to latest studies, it is come to know that there are two 

schools of thoughts. Some researchers believe that there is a positive association between cell 

phone addiction and the mental health of adolescents, and some believe there is a negative or 

indirect relation in them. 5-7 

Several previous studies observed that mobile phone use has potential to affect cognition. 

Thornton et al reported that the mere presence of a cell phone results in diminished attention and 

worsen task performance7. Poorer working memory was exhibited in studies by Cain et al and 

Uncapher et al in case of frequent media multitaskers8, 9. Lepp et al demonstrated negative 

correlation between smartphone usage and academic performance10. Furthermore, even brain 

imaging studies reported that associated cognitive deficit may be directly manifest in the 

functioning of the brain’s corresponding control circuitry. Loh and Kanai found reduced grey 

matter in the anterior cingulate cortex of frequent media multitaskers, indicating that this habit 

may directly impact the structural properties of an important locus of attentional control in the 

brain. Based on previously available literature, it can be surmised that smartphone usage could 

also negatively affect various other domains of cognition. However, limited literature is available 

to show definite cognitive decline concerning different domains of cognition and a global 
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cognitive decline associated with smartphone usage. Therefore, this study looks forward to study 

levels of cognitive decline with smartphone usage.10, 11. 

 
An overview of correlation between smartphone uses and cognitive levels. 

Several previous studies observed that mobile phone use has potential to affect cognition. 

Thornton et al reported that mere presence of a cell phone results in diminished attention and 

worsen task performance7. Poorer working memory was exhibited in studies by Cain et al and 

Uncapher et al in the case of frequent media multitaskers8, 9. Lepp et al demonstrated negative 

correlation between smartphone usage and academic performance10. Furthermore, even brain 

imaging studies reported that associated cognitive deficit may be directly manifest in the 

functioning of the brain’s corresponding control circuitry. Loh and Kanai found reduced grey 

matter in the anterior cingulate cortex of frequent media multitaskers, indicating that this habit 

may directly impact the structural properties of an important locus of attentional control in the 

brain11. Based on previously available literature, it can be surmised that various other domains of 

cognition could also be negatively affected by smartphone usage. However, limited literature is 

available to show definite cognitive decline concerning different domains of cognition and a 

global cognitive decline associated with smartphone usage. Therefore, this study looks forward 

to study levels of cognitive decline with smartphone usage. 

 
Cognitive abilities can be assessed under 5 domains as follows: - 

1. Attention 

2. Memory 

3. Verbal fluency 

4. Language 

5. Visuospatial abilities 

To assess cognitive function of any individual, cognitions tests are designed specifically. These 

tests involve the systematic administration of clearly defined procedures. They are also used for 

clinical and neurological research. This study aims to use Addenbrooke’s Cognition Examination 

(ACE-III) to assess cognitive levels.12-15 
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Tests for evaluation of Cognitive function 

The tests that can be used for cognitive function evaluation are either Neurophysiological or 

Neuropsychological. Neurophysiological tests include Evoked Potentials, EEG, and Sensory 

Evoked Potentials Neuropsychological tests include an array of tests, which can be either general 

screening tests for cognition or in-depth testing for a particular domain. 

 
General Screening Tests 

These include mainly MMSE (Mini-Mental State Examination), the 3MS (Modified Mini- 

Mental State), CCSE (the Cognitive Capacity Screening Examination), and The Montreal 

Cognitive Assessment (MoCA). 

 
Specific tests 

Comprehensive testing specifically targets different domains of cognition such as intelligence, 

memory, orientation, mental status, attention and vigilance, verbal skills, visuospatial abilities, 

and many others. The degree of impairment of such cognitive domains could be estimated by 

administering these tests. These include Reaction Time (RTI) for attention; Trail-Making tests 

(Trail A and Trail B) for Executive function; Delayed Matching to Sample (DMS) for Memory; 

Emotional Recognition Test (ERT) for Social and emotional cognition, among many others.16-20 

 
Loneliness 

Loneliness can be defined as a state or a situation in which someone experiences a feeling of 

deficiency in social or close relationships quantitatively or qualitatively. Weiss proposed two 

categories of loneliness. These are emotional loneliness and social loneliness. When someone 

experiences a deficiency in networks of social relationships, such as not being socially integrated 

into a group of friends and acquaintances with common interests, social loneliness arises. 

Emotional loneliness occurs when a lack of close and intimate relationships, such as losing a 

partner or following a divorce. Generally, loneliness has been found to affect psychological 

health21, 22. 

Materials and Methods 

Study setting 

The present study was conducted in the Department of Physiology, Pacific Medical College & 

Hospital, Udaipur, after taking approval from Institutional Ethics Committee. Written informed
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consent was obtained from all participants. One hundred subjects were recruited and categorized 

as per the duration of smartphone use. 

The Smartphone usage was determined by self-reporting or scales PRIUSS. Addenbrooke’s 

Cognition Examination (ACE-III) was administered to assess each participant's cognition 

functioning. 

 
Inclusion Criteria: 

1. Age between 18-50 years 

2. Both male and female 

3. Minimum SSC pass 

4. Smart phone users 

 
 

Exclusion Criteria: 

1. Diagnosed cases of neurological or psychiatric disorders. 

2. Patients taking medications, which are known to affect cognition. 

3. Presence of any medical psychiatric disorder. 

4. History of severe head injury. 

 
 

Neurocognitive test: 

The cognitive assessment tools. 

Addenbrooke’s Cognitive Examination - III (ACE-III) 

ACE-III is a cognitive test that assesses five domains: Attention, memory, verbal fluency, 

language and visuospatial abilities. The total score is 100, with higher score indicating a better 

cognitive function. The test is available in both English and Hindi. 

Total Score /100  

Attention /18  

Memory /26  

Verbal Fluency 

Language 

 /14 

/26 

 

 Visuospatial                 /14   
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Smart phone use severity scale using PRIUSS scale 

Please answer the questions below based on how you have felt and conducted yourself regarding 

your Internet use over the past 6 months. Please do your best to interpret these questions as they 

apply to your experiences and feelings. 

When considering your Internet use time, consider any time you spend online, whether you are 

using a computer or a mobile device. Do not include time you spend texting unless you use text 

messages to interact with an online application such as Facebook or Twitter. 

 
DASS scale for loneliness 

Please read each statement and circle a number 0, 1, 2 or 3 which indicates how much the 

statement applied to you over the past week. There are no right or wrong answers. Do not spend 

too much time on any statement. 

 
The rating scale is as follows: 

0 Did not apply to me at all. 

1 Applied to me to some degree, or some of the time. 

2 Applied to me to a considerable degree or a good part of the time. 

3 Applied to me very much or most of the time. 
 

 
1(s) I found it hard to wind down 0 1 2 3 

2 (a) I was aware of dryness of my mouth 0 1 2 3 

3 (d) I couldn’t seem to experience any   

positive feeling at all 0 1 2 3 

4 (a) I experienced breathing difficulty   

(e.g. excessively rapid breathing,   

breathlessness in the absence   

of physical exertion) 0 1 2 3 

5 (d) I found it difficult to work up 

the initiative to do things 0 1 2   3 
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6 (s) I tended to over-react to situations 0 1 2 3 

7 (a) I experienced trembling    

(e.g. in the hands) 0 1 2 3 

8 (s) I felt that I was using a lot of    

nervous energy 0 1 2 3 

9 (a) I was worried about situations in 

which I might panic and make 

   

a fool of myself 0 1 2 3 

10 (d) I felt that I had nothing to look 

forward to 

 

0 

 

1 

 

2 

 

3 

11 (s) I found myself getting agitated 
 

0 1 2 3 

12 (s) I found it difficult to relax  0 1 2 3 

13 (d) I felt down-hearted and blue  0 1 2 3 

14 (s) I was intolerant of anything      

that kept me from getting on with      

what I was doing  0 1 2 3 

15 (a) I felt I was close to panic  0 1 2 3 

16 (d) I was unable to become      

Enthusiastic about anything  0 1 2 3 

17 (d) I felt I wasn’t worth much as a 

Person 

 

0 

 

1 

 

2 3 

 

18 (s) I felt that I was rather touchy 0 1 2 3 

19 (a) I was aware of the action of my     

heart in the absence of physical exertion     

(e.g. sense of heart rate increase,     

heart missing a beat) 0 1 2 3 

20 (a) I felt scared without any good     

Reason 0 1 2 3 

21 (d) I felt that life was meaningless 

 

0 1 2 3 
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DASS-21 Scoring Instructions  

The DASS-21 should not be used to replace a face-to-face clinical interview. If you are 

experiencing significant emotional difficulties, you should contact your GP for a referral to a 

qualified professional. 

 
Depression, Anxiety and Stress Scale - 21 Items (DASS-21) 

The Depression, Anxiety and Stress Scale - 21 Items (DASS-21) is a set of three self-report 

scales designed to measure the emotional states of depression, anxiety and stress. The three 

DASS-21 scales contain 7 items, divided into subscales with similar content. The depression 

scale assesses dysphoria, hopelessness, devaluation of life, self-deprecation, lack of 

interest/involvement, anhedonia and inertia. The anxiety scale assesses autonomic arousal, 

skeletal muscle effects, situational anxiety, and subjective experience of anxious affect. The 

stress scale is sensitive to levels of chronic non-specific arousal. It assesses difficulty relaxing, 

nervous arousal, and being easily upset/agitated, irritable /over-reactive and impatient. Scores for 

depression, anxiety and stress are calculated by summing the scores for the relevant items. 

The DASS-21 is based on a dimensional rather than a definite conception of psychological 

disorder. The assumption on which the DASS-21 development was based (and confirmed by the 

research data) is that the differences between the depression, anxiety and stress experienced by 

normal subjects and clinical populations are essentially differences of degree. The DASS-21 

therefore has no direct implications for the allocation of patients to discrete diagnostic categories 

postulated in classificatory systems such as the DSM and ICD. 

Recommended cut-off scores for conventional severity labels (normal, moderate, severe) are as 

follows. NB Scores on the DASS-21 must be multiplied by 2 to calculate the final score. 

 

Table 1: Mean characteristics of smartphone users (n = 100) 
 

 Depres

sion 

Anxiety Stress 

Normal 0-9 0-7 0-14 

Mild 10-13 8-9 15-18 

Moderate 14-20 10-14 19-25 

Severe 21-27 15-19 26-33 

Extremely Severe 28+ 20+ 34+ 

1420



Journal of Cardiovascular Disease Research 

VOL14, ISSUE 07, 2023 ISSN: 0975-3583, 0976-2833 

 

 

 

Result: 

• PRIUSS scale and Attention, Memory, Fluency, Language and Visuospatial have a 

statistically significant linear relationship (p=0.001). 

• The direction of the relationship is negative (i.e., PRIUSS scale and Attention, Memory, 

Fluency, Language and Visuospatial are negatively correlated), meaning that if PRIUSS 

scale increases and Attention, Memory, Fluency, Language and Visuospatial decreases. 

 
Discussion: 

The present study evaluated cognitive domain levels across 100 smartphone users and observed 

changes in cognitive domain levels with smartphone use. This study also assessed severity of 

loneliness perceived in each subject and then correlated with the use of smartphone use and 

levels of cognitive domains. The PRIUSS scale determined Smartphone usage, whereas DASS 

scale was used for the perceived loneliness in the subjects. Addenbrooke’s Cognitive 

Examination (ACE-III) was administered to assess each subject's cognitive domain levels. 

The results revealed that the subjects with more smartphone use experienced greater decline in 

all the cognitive domain levels and the overall cognitive decline was reported as total ACE-III 

score. Our finding aligns with the study by Tze Pin Ng et al.15, who found a decline in global 

cognitive, attention and working memory, memory functioning with more frequent use of mobile 

phones.16, 17,18,19 The study specifically evaluated cognitive function in attention and memory 

domains and found a decline in both with smartphone use. This finding follows studies by 

researchers 18-30 who examined cognitive decline with greater smartphone use and found a 

significant association between them. 

Most previous researchers used one or two domains of cognition, whereas our study assessed the 

major 5 domains with an overall global cognitive level. The present study is unique in that the 

decline in cognitive decline has been well assessed with smartphone use with the major cognitive 

domains, which could be helpful in the prompt diagnosis of smartphone-related cognitive 

problems encountered by its users.31-41 

Caplan et al.41-51 observed that lonely and socially isolated people feel relieved when 

participating in the virtual reality world. Loneliness in individuals makes them prone to using 
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mobile phones and other media. The DASS scale study evaluated the level of loneliness in the 

subjects and found that smartphone use and higher DASS score have a significantly linear 

relationship (r=0.753, p = 0.001). We also observed the direction of the relationship is positive, 

which implies that these tend to increase together. One study58 by Morikawa et al. investigated 

the influence of social isolation and smartphone use on cognitive functions in adults and found 

that smartphone use was associated with cognitive functions (memory, attention, executive 

function, and processing speed). The current study also found a decline in cognitive functions 

declines with the severity of loneliness in the subjects. Furthermore, we also assessed individual 

levels and reported a decline in all the domains of cognition.52-59 

 
Summary and Conclusion: 

The use of smartphones in our daily life is crucial but brings with it a variety of adverse effects 

too. One major adverse effect among them is a decline in our cognitive abilities. The use of 

smartphones has been increasing daily to help us in our work and family life, but with the 

increasing stress and loneliness, people are inclined more towards its use. This study aimed to 

evaluate changes in cognitive decline with smartphone use and find the correlation between 

loneliness and smartphone use. This study reports a decline in cognitive levels with smartphone 

use, which also correlates with loneliness. 

 
References 

1. Meet the man who invented the mobile phone. 2010 Apr 23 [cited 2023 Mar 4]; Available 

from: http://news.bbc.co.uk/1/hi/programmes/click_online/8639590.stm 

2. Smartphone subscriptions worldwide 2027 [Internet]. Statista. [cited 2023 Mar 4]. Available 

from: https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/ 

3. Karmakar M. Viewing Patterns and Addiction to Television among Adults Who Self- 

Identify as Binge-Watchers. In APHA; 2015 [cited 2023 Mar 4]. Available from: 

https://apha.confex.com/apha/143am/webprogram/Paper335049.html 

4. Geisel O, Lipinski A, Kaess M. Non-Substance Addiction in Childhood and Adolescence– 

The Internet, Computer Games and Social Media. Dtsch Arztebl Int. 2021 Jan 11;118(1– 

2):14–22. 

1422

http://news.bbc.co.uk/1/hi/programmes/click_online/8639590.stm
http://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
http://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/


Journal of Cardiovascular Disease Research 

VOL14, ISSUE 07, 2023 ISSN: 0975-3583, 0976-2833 

 

 

 

5. Darvesh N, Radhakrishnan A, Lachance CC, Nincic V, Sharpe JP, Ghassemi M, et al. 

Exploring the prevalence of gaming disorder and Internet gaming disorder: a rapid scoping 

review. Syst Rev. 2020 Apr 2;9(1):68. 

6. Kuss DJ, Pontes HM. Internet Addiction [Internet]. 1st ed. Hogrefe Publishing; 2018 [cited 

2023 Mar 4]. Available from: https://elibrary.hogrefe.com/book/10.1027/00501-000 

7. Is smartphone addiction really an addiction? in: Journal of Behavioral Addictions Volume 7 

Issue 2 (2018) [Internet]. [cited 2023 Mar 4]. Available from: 

https://akjournals.com/view/journals/2006/7/2/article-p252.xml 

8. Fabio RA, Ingrassia M, Massa M. Transient and Long-Term Improvements in Cognitive 

Processes following Video Games: An Italian Cross-Sectional Study. International Journal of 

Environmental Research and Public Health. 2022 Jan;19(1):78. 

9. Caprì T, Gugliandolo MC, Iannizzotto G, Nucita A, Fabio RA. The influence of media usage 

on family functioning. Curr Psychol. 2021 Jun 1;40(6):2644–53. 

10. Fabio RA, Suriano R. The Influence of Media Exposure on Anxiety and Working Memory 

during Lockdown Period in Italy. International Journal of Environmental Research and 

Public Health. 2021 Jan;18(17):9279. 

11. Rosell MC, Sánchez-Carbonell X, Jordana CG. EL ADOLESCENTE ANTE LAS 

TECNOLOGÍAS DE LA INFORMACIÓN Y LA COMUNICACIÓN: INTERNET, MÓVIL 

Y VIDEOJUEGOS. 

12. Chóliz M, Villanueva V. Ellas, ellos y su móvil: Uso, abuso (¿y dependencia?) del teléfono 

móvil en la adolescencia. 2009; 

13. Zavala RR. Posibles efectos provenientes del uso excesivo de la comunicación inalámbrica / 

Possible effects of the excessive use of wireless communication. RICS Revista 

Iberoamericana de las Ciencias de la Salud. 2013;2(4):24–57. 

14. Young DKS, Rodgers RC. Internet Addiction: Personality Traits Associated with Its 

Development. 

15. Ng TP, Lim ML, Niti M, Collinson S. Long-term digital mobile phone use and cognitive 

decline in the elderly. Bioelectromagnetics. 2012 Feb;33(2):176–85. 

16. Wilmer HH, Sherman LE, Chein JM. Smartphones and Cognition: A Review of Research 

Exploring the Links between Mobile Technology Habits and Cognitive Functioning. Front 

Psychol. 2017 Apr 25;8:605. 

1423



Journal of Cardiovascular Disease Research 

VOL14, ISSUE 07, 2023 ISSN: 0975-3583, 0976-2833 

 

 

 

17. Hadar A, Hadas I, Lazarovits A, Alyagon U, Eliraz D, Zangen A. Answering the missed call: 

Initial exploration of cognitive and electrophysiological changes associated with smartphone 

use and abuse. Weinstein AM, editor. PLoS ONE. 2017 Jul 5;12(7):e0180094. 

18. Abramson MJ, Benke GP, Dimitriadis C, Inyang IO, Sim MR, Wolfe RS, et al. Mobile 

telephone use is associated with changes in cognitive function in young adolescents. 

Bioelectromagnetics. 2009 Dec;30(8):678–86. 

19. Alloway TP, Alloway RG. The impact of engagement with social networking sites (SNSs) 

on cognitive skills. Computers in Human Behavior. 2012 Sep;28(5):1748–54. 

20. Moisala M, Salmela V, Hietajärvi L, Salo E, Carlson S, Salonen O, et al. Media multitasking 

is associated with distractibility and increased prefrontal activity in adolescents and young 

adults. NeuroImage. 2016 Jul;134:113–21. 

21. Ophir E, Nass C, Wagner AD. Cognitive control in media multitaskers. Proc Natl Acad Sci 

USA. 2009 Sep 15;106(37):15583–7. 

22. Sanbonmatsu DM, Strayer DL, Medeiros-Ward N, Watson JM. Who Multi-Tasks and Why? 

Multi-Tasking Ability, Perceived Multi-Tasking Ability, Impulsivity, and Sensation Seeking. 

Chambers C, editor. PLoS ONE. 2013 Jan 23;8(1):e54402. 

23. Uncapher MR, K. Thieu M, Wagner AD. Media multitasking and memory: Differences in 

working memory and long-term memory. Psychon Bull Rev. 2016 Apr;23(2):483–90. 

24. Stothart C, Mitchum A, Yehnert C. The attentional cost of receiving a cell phone 

notification. Journal of Experimental Psychology: Human Perception and Performance. 2015 

Aug;41(4):893–7. 

25. Thornton B, Faires A, Robbins M, Rollins E. The Mere Presence of a Cell Phone May be 

Distracting. Social Psychology. 2014 Nov;45(6):479–88. 

26. Ward AF, Duke K, Gneezy A, Bos MW. Brain Drain: The Mere Presence of One’s Own 

Smartphone Reduces Available Cognitive Capacity. Journal of the Association for Consumer 

Research. 2017 Apr;2(2):140–54. 

27. Alzahabi R, Becker MW. The association between media multitasking, task-switching, and 

dual-task performance. Journal of Experimental Psychology: Human Perception and 

Performance. 2013 Oct;39(5):1485–95. 

28. Lui KFH, Wong ACN. Does media multitasking always hurt? A positive correlation between 

multitasking and multisensory integration. Psychon Bull Rev. 2012 Aug;19(4):647–53. 

1424



Journal of Cardiovascular Disease Research 

VOL14, ISSUE 07, 2023 ISSN: 0975-3583, 0976-2833 

 

 

 

29. Ralph BCW, Thomson DR, Seli P, Carriere JSA, Smilek D. Media multitasking and 

behavioral measures of sustained attention. Atten Percept Psychophys. 2015 Feb;77(2):390– 

401. 

30. Cain MS, Leonard JA, Gabrieli JDE, Finn AS. Media multitasking in adolescence. Psychon 

Bull Rev. 2016 Dec;23(6):1932–41. 

31. Frein ST, Jones SL, Gerow JE. When it comes to Facebook there may be more to bad 

memory than just multitasking. Computers in Human Behavior. 2013 Nov;29(6):2179–82. 

32. Lim J. The Effect of Adult Smartphone Addiction on Memory Impairment: Focusing on the 

Mediating effect of Executive Function Deficiencies. Journal of Digital Convergence. 

2018;16(7):299–308. 

33. Abramson MJ, Benke GP, Dimitriadis C, Inyang IO, Sim MR, Wolfe RS, et al. Mobile 

telephone use is associated with changes in cognitive function in young adolescents. 

Bioelectromagnetics. 2009 Dec;30(8):678–86. 

34. Barr N, Pennycook G, Stolz JA, Fugelsang JA. The brain in your pocket: Evidence that 

Smartphones are used to supplant thinking. Computers in Human Behavior. 2015 

Jul;48:473–80. 

35. Lepp A, Barkley JE, Karpinski AC. The relationship between cell phone use, academic 

performance, anxiety, and Satisfaction with Life in college students. Computers in Human 

Behavior. 2014 Feb;31:343–50. 

36. Wilmer HH, Hampton WH, Olino TM, Olson IR, Chein JM. Wired to be connected? Links 

between mobile technology engagement, intertemporal preference and frontostriatal white 

matter connectivity. Soc Cogn Affect Neurosci. 2019 May 17;14(4):367–79. 

37. van Schouwenburg M, Aarts E, Cools R. Dopaminergic Modulation of Cognitive Control: 

Distinct Roles for the Prefrontal Cortex and the Basal Ganglia. CPD. 2010 Jun 

1;16(18):2026–32. 

38. Loh KK, Kanai R. Higher Media Multi-Tasking Activity Is Associated with Smaller Gray- 

Matter Density in the Anterior Cingulate Cortex. Watanabe K, editor. PLoS ONE. 2014 Sep 

24;9(9):e106698. 

39. Hyland G. Physics and biology of mobile telephony. The Lancet. 2000 

Nov;356(9244):1833–6. 

1425



Journal of Cardiovascular Disease Research 

VOL14, ISSUE 07, 2023 ISSN: 0975-3583, 0976-2833 

 

 

 

40. Leeuwen GMJV, Lagendijk JJW, Leersum BJAMV, Zwamborn APM, Hornsleth SN, Kotte 

ANTJ. Calculation of change in brain temperatures due to exposure to a mobile phone. Phys 

Med Biol. 1999 Oct 1;44(10):2367–79. 

41. Effects of Radio-Frequency Radiation on Mammalian Cells and Biomolecules In Vitro - 

Advances in Chemistry (ACS Publications) [Internet]. [cited 2023 Mar 10]. Available from: 

https://pubs.acs.org/doi/pdf/10.1021/ba-1995-0250.ch026 

42. Adey WR. Tissue interactions with nonionizing electromagnetic fields. Physiological 

Reviews. 1981 Apr;61(2):435–514. 

43. Tattersall JEH, Scott IR, Wood SJ, Nettell JJ, Bevir MK, Wang Z, et al. Effects of low 

intensity radiofrequency electromagnetic fields on electrical activity in rat hippocampal 

slices. Brain Research. 2001 Jun;904(1):43–53. 

44. Ferreri F, Curcio G, Pasqualetti P, De Gennaro L, Fini R,  Rossini PM. Mobile phone 

emissions and human brain excitability. Ann Neurol. 2006 Aug;60(2):188–96. 

45. Leszczynski D, Joenväärä S, Reivinen J, Kuokka R. Non-thermal activation of the 

hsp27/p38MAPK stress pathway by mobile phone radiation in human endothelial cells: 

Molecular mechanism for cancer- and blood-brain barrier-related effects. Differentiation. 

2002 May;70(2–3):120–9. 

46. Nylund R, Leszczynski D. Proteomics analysis of human endothelial cell line EA.hy926 

after exposure to GSM 900 radiation. Proteomics. 2004 May;4(5):1359–65. 

47. Harvey PD. Domains of cognition and their assessment. Dialogues Clin Neurosci. 

2019;21(3):227–37. 

48. American Psychiatric Association, American Psychiatric Association, editors. Diagnostic 

and statistical manual of mental disorders: DSM-5. 5th ed. Washington, D.C: American 

Psychiatric Association; 2013. 947 p. 

49. Brodski J, Rossell SL, Castle DJ, Tan EJ. A Systematic Review of Cognitive Impairments 

Associated With Kidney Failure in Adults Before Natural Age-Related Changes. Journal of 

the International Neuropsychological Society. 2019 Jan;25(1):101–14. 

50. de Jong-Gierveld J. Developing and testing a model of loneliness. Journal of Personality and 

Social Psychology. 1987;53(1):119–28. 

51. Loneliness [Internet]. MIT Press. [cited 2023 Mar 10]. Available from: 

https://mitpress.mit.edu/9780262730419/loneliness/ 

1426



Journal of Cardiovascular Disease Research 

VOL14, ISSUE 07, 2023 ISSN: 0975-3583, 0976-2833 

 

 

 

52. Beutel ME, Klein EM, Brähler E, Reiner I, Jünger C, Michal M, et al. Loneliness in the 

general population: prevalence, determinants and relations to mental health. BMC 

Psychiatry. 2017 Dec;17(1):97. 

53. Peplau, L. A., & Perlman, D. (1982). Perspectives on loneliness. In L. A. Peplau and D. 

Perlman (Eds.), Loneliness A sourcebook of current theory, research and therapy (pp. 1-18). 

New York John Wiley & Sons. - References - Scientific Research Publishing [Internet]. 

[cited 2023 Mar 10]. Available from: 

https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?Ref 

erenceID=167889 

54. Caplan S, Williams D, Yee N. Problematic Internet use and psychosocial well-being among 

MMO players. Computers in Human Behavior. 2009 Nov;25(6):1312–9. 

55. Ceyhan AA, Ceyhan E. Loneliness, Depression, and Computer Self-Efficacy as Predictors of 

Problematic Internet Use. CyberPsychology & Behavior. 2008 Dec;11(6):699–701. 

56. Bozoglan B, Demirer V, Sahin I. Loneliness, self-esteem, and life satisfaction as predictors 

of Internet addiction: A cross-sectional study among Turkish university students. Scand J 

Psychol. 2013 Aug;54(4):313–9. 

57. Lemmens JS, Valkenburg PM, Peter J. Development and Validation of a Game Addiction 

Scale for Adolescents. Media Psychology. 2009 Feb 26;12(1):77–95. 

58. Morikawa M, Lee S, Makino K, Bae S, Chiba I, Harada K, et al. Association of social 

isolation and smartphone use on cognitive functions. Archives of Gerontology and 

Geriatrics. 2022 Jul;101:104706. 

59. Li J, Zhan D, Zhou Y, Gao X. Loneliness and problematic mobile phone use among 

adolescents during the COVID-19 pandemic: The roles of escape motivation and self- 

control. Addictive Behaviors. 2021 Jul 1;118:106857. 

1427

http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?Ref
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?Ref



