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Abstract 
Although the correlation between indices of adiposity and short-term memory has been previously 

explored, the results obtained have been inconclusive. In view of this lack of certainty in literature, the 

current cross-sectional study sought to explore a potential correlation between the body mass index and 

short-term memory among a group of south Indian males aged between 18 and 25. After 

anthropometric measurements were made, the short-term memory was assessed using tests such as 

immediate word and immediate object recall. Pearson’s Correlation test was employed to detect a 

correlation between body mass index and short-term memory. It was found that there was a positive 

trend between body mass and short-term memory, although it did not reach significance (p>0.05). This 

study observed a nonsignificant positive trend between adiposity and short-term memory; however, 

given conflicting evidence in literature, the findings should be interpreted with caution and must be 

explored further in larger studies. 
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Introduction 

Although it has been well documented that an increase in body adiposity was associated with 

cardiovascular, endocrine and musculoskeletal disorders, the potential effects of adiposity on 

cognitive performance has not received as much attention. Recent neuro-imaging studies 

have indicated that overweight states may negatively influence brain structure thereby 

resulting in a potential impairment of cognitive functions such as learning and memory. 

Short-term memory, is the ability of the brain to retain a limited amount of information for a 

limited period of time and plays a pivotal role in daily cognitive tasks, including executive 

functions and decision-making. The Body Mass Index (BMI) has been extensively utilized as 

a screening tool to assess body adiposity. According to WHO guidelines there are five BMI 

groups: individuals with a BMI under 18.5 kg/m2 are considered underweight, those with a 

BMI between 18.5 and 22.9 kg/m2 are of normal weight, those with a BMI from 23 to 24.9 

kg/m2 are overweight, those with a BMI between 25 and 29.9 kg/m2 are obese and 

individuals with a BMI equal to and above 30 kg/m2 are considered severely obese [1]. 

Several studies over the years have investigated the relationship between indices of adiposity 

such as body mass index (BMI) and short-term memory. Most of these studies concluded 

that there was a negative association between the BMI and short-term memory [2-5]. Vascular 

changes in the brain, neuro-inflammation and endothelial dysfunction were some of the 

explanations offered for obesity-related cognitive impairment [6, 7]. Imaging studies in obese 

individuals have specifically demonstrated volumetric reductions in the hippocampus and 

other parts of the brain involved in short-term memory [8]. Although most studies have 

demonstrated a negative correlation between the BMI and cognitive function, a few studies 

seem to suggest that an increase in BMI was actually associated with an improvement in 

short-term memory [9-11]. On the other hand, some researchers were convinced that a lower 

than normal BMI adversely affected short-term memory [12], and yet others opined that there 

was no association whatsoever between indices of adiposity and short-term memory [13]. 

Since results obtained so far have been uncertain at best, the present study was undertaken. 

The objective of this study was to explore a potential correlation between the BMI and the 

performance in short-term memory tasks such as immediate word and immediate object 

recall among south Indian males between the ages of 18 and 25 - a demographic group  
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increasingly affected by sedentary lifestyles and rising 

obesity rates. Based on existing literature we hypothesised, 

at the beginning of the study, that there would be a negative 

correlation between the BMI and short-term memory 

performance. Since most similar studies were performed in 

specific demographic groups such as children, older adults 
[14] and women [15], the present study chose as its subject 

population, a group of physically, psychologically and 

neuro-developmentally homogenous young adult males. The 

study sought to investigate if minor variations in BMI even 

within non-pathological ranges, might result in early 

cognitive consequences, and in so doing contributes to 

existing information. Given the growing public health 

concerns regarding obesity and the importance of cognitive 

performance for academic and occupational success, this 

study by exploring potential correlations between the BMI 

and memory might contribute towards future preventive 

strategies targeting both physical and cognitive well-being.  

 

2. Materials and Methods  

2.1 Study design  

This cross-sectional study was carried out over a nine-

month period from August 2009 to the month of March 

2010 in the Department of Physiology at PIMS, 

Pondicherry. Fifty participants volunteered for the study.  

 

2.2 Sample size  

Given the study’s focus on a narrowly defined homogenous 

group and the exploratory nature of the investigation, we set 

a sample size of 50. This provides adequate power to detect 

correlation effects while remaining feasible within available 

resources and recruitment constraints. This study is a 

sufficiently powered, internally valid investigation suitable 

for hypothesis generation. 

 

2.3 Inclusion criteria 

The participants for this study were all members of the 

workforce of the Institute and were recruited by word of 

mouth. The fifty volunteers who participated in this study 

were all males between the ages of 18 and 25 years. They all 

spoke English, were all graduates and were all from a 

similar socioeconomic background (modified BG Prasad’s 

scale). The narrow age window was purposely chosen to 

include young adults just after the adolescent neuro-

developmental miles stones had been reached and before 

any early age-related cognitive changes set in. It therefore 

provided a more physically, psychologically and neuro-

developmentally homogenous set of participants. By 

studying males only, we sought to avoid the cyclical 

hormonal changes in women which might certainly have 

been a confounding factor. This further ensured the 

homogenous nature of the group.  

 

2.4 Exclusion criteria  

The exclusion criteria that we set at the beginning of the 

recruitment process were, systemic illnesses such as 

uncontrolled Diabetes and hypertension, neurological 

diseases such as epilepsy, psychiatric disorders such as 

depression and anxiety, neuromuscular diseases, sleep 

deprivation or abnormal sleep patterns, auditory or visual 

impairment, alcohol or substance use. Since none of those 

who volunteered had any of these conditions, they were all 

included in the study. All fifty individuals who volunteered 

were included in the study; no volunteer was excluded. 

Since the subjects were required to come only once for the 

recordings, the possibility of drop outs was eliminated.  

  

2.5 Ethical approval  

Before the project began, clearance was obtained from the 

research and ethical committees of the institute. A written 

consent was obtained from each subject before the 

recordings commenced. All procedures were performed in 

accordance with the principles stated in the Declaration of 

Helsinki 

 

2.6 Procedure  

The participants, as per instructions, had at least seven hours 

of sleep the night before. They were instructed to have 

breakfast without coffee or tea at 7 am on the morning of 

the recordings and to report at 9 am at the research 

laboratory of the Department of Physiology.  

Step 1: An informed consent was obtained detailing the 

procedure and potential inconveniences involved. The 

subject was then required to fill in the proforma furnishing 

their sociodemographic details. 
 
Step 2: Anthropometric measurements: The height of the 
subject was next measured using a stadiometer. The subject 
was required to stand barefoot looking straight ahead, with 
back and buttocks pressed against the vertical ruler and the 
horizontal headpiece resting firmly on top of the head. The 
height was thus measured accurate to the centimeter. The 
weight of the subject was next measured using a digital 
scale. The body mass index was later calculated (at the time 
of statistical analysis) by dividing the weight in kilograms 
by height in m2. The following tests were then performed in 
the order mentioned below.  
 
Step 3: Immediate Word recall  
Twenty English nouns were electronically generated at 
random and printed on a card. There were several such 
cards, each with exactly twenty comparable but different 
nouns. The cards were placed face down on a table. The 
participant was instructed to choose only one card at 
random, without being aware of the words it contained. The 
investigator then read out all twenty words printed on that 
card in the same tone of voice and at a constant rate of one 
word every two seconds. The participant was then instructed 
to recall and write down on a piece of paper, as many words 
as possible from memory in the given time of sixty seconds 
[16].  
 
Step 4: Immediate Object recall  
Twenty objects were placed on a table. The objects included 
familiar house hold objects, picture cards of fruits and 
vegetables and miniature models of animals. The objects 
were initially hidden from sight using a curtain. The curtain 
was then pulled back revealing the objects for fifteen 
seconds and then hidden again. The participant was then 
required to write down as many objects as he could 
remember in the given time of sixty seconds [17].  
After all the data was recorded, at the time of statistical 
analysis, the BMI was calculated and the short-term 
memory data from the fifty participants was assigned into 
one of five groups based on the individual’s BMI. At the 
time of data collection, neither the subject nor the 
investigator knew the subject’s BMI and consequently did 
not know which BMI group the subject’s data would be 
assigned to. Hence this was in effect a double-blind study.  
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2.7 Statistical analysis  
The collected data was entered and compiled by using 
Microsoft Excel 2010 [Office 360, Microsoft Ltd., USA]. 
The data was analysed by using SPSS 23.0 version [IBM 
Ltd, USA]. Categorical data were expressed as frequency 
and proportions. Continuous data were expressed as mean 
and standard deviation. Pearson’s Correlation was employed 
to look for correlation between the BMI and immediate 
word and object recall. The association of mean between 
immediate word recall and immediate object recall in all 
five groups was compared using ANOVA test. p-value less 
than 0.05 was taken as statistically significant.  
  
3. Results  
Short-term memory data from individuals with a BMI under 
18.5 kg/m2 was placed in the first group (n=6), group two 
had data from subjects with a BMI between 18.5 to 22.9 
kg/m2 (n=23), group three had data from subjects with a 
BMI between 23 to 24.9 kg/m2 (n=11), subjects’ data with a 
BMI between 25 to 29.9 kg/m2 were in group four (n=6) and 
data from subjects with a BMI equal to and above 30 kg/m2 
was included in group five (n=4). Most of the participants 
found themselves in groups two (46%) and three (22%). The 
participants were all between the ages of 18 and 25 as 
shown in Table: 1. As evidenced by Table-2, there was a 
progressive increase in both immediate word recall (WR) 
and immediate object recall (OR), as one proceeds from 
groups 1 through 4. The Correlation between BMI and WR 
and OR was determined using Pearson’s Correlation test. It 
was found that there was a positive correlation between 
BMI and both WR and OR, although it did not reach 
significance (p>0.05). The Pearson’s correlation value was 
higher for WR as shown in Table-3. During the performance 
of the ANOVA test, it was found that the comparison of 
WR between groups and within groups showed F-value of 
2.349, which neared significance, p = 0.069 (>0.05). The 
analysis of OR by ANOVA was not significant. as shown in 
Table-4. 
 
4. Discussion  
This study sought to determine if indices of adiposity, 
particularly the BMI, had any relation to short-term 
memory. The study limited itself to the immediate recall of 
words and objects as tests of short-term memory. We 
noticed a positive correlation between the BMI and both 
immediate word and immediate object recall, implying that 
as adiposity increased, the ability to recall both visual and 
auditory information also increased. However, it must be 
emphasized that these findings did not reach statistical 
significance. Very few of the previous studies have reported 
a significant positive correlation between the BMI and 
short-term memory [18]. Researchers concluded that the 

increased levels of myelination encountered in individuals 
with greater body mass, could possibly be the explanation 
for better performance in short-term memory tasks [18].  
Most other studies of this nature have actually reported a 
negative association between indices of obesity such as BMI 
and working memory performance [19, 20]. More specifically, 
researchers reported a poor performance in the immediate 
recall of spoken words [21, 22] and visually presented pictures 
and objects [23] in individuals with a higher than normal 
BMI. This negative association between adiposity and 
working memory was true in both young adults and in older 
people [24]. Studies have demonstrated that those with higher 
than normal BMI also had compromised episodic [25] and 
semantic memory [26] without much change in other aspects 
of cognitive function. Studies employing other measures of 
adiposity such as waist-to-hip ratio and waist circumference 
have reported similar findings [27].  
It has been proven that the hippocampus was involved in 
integrating the various components of short-term memory 
[28]. It has also been demonstrated that the right anterior 
prefrontal area was specifically involved in the immediate 
recall of words and pictures [29]. Most obesity-related 
structural alterations in the brain were observed in the 
Hippocampus [30, 31]. Studies have demonstrated 
hippocampal volumetric reductions in obese diabetics [32] 
and non-diabetic individuals with obesity [33, 34]. Voxel-
based morphometry studies using Magnetic resonance 
imaging (MRI), have revealed that a higher BMI was 
associated with decreased grey matter volumes in the left 
hippocampus in both adults and children [35]. Other similar 
studies have revealed decreased thickness of the left 
orbitofrontal and Para hippocampal gyri [36, 37], the left post-
central gyrus [38] and the temporal lobe [39]. Tensor‐based 
morphometry (TBM) demonstrated that those with higher 
BMI have atrophy of the hippocampus and frontal lobes [39]. 
Studies employing single photon emission computed 
tomography (SPECT) have demonstrated decreased blood 
flow in the prefrontal cortex [40], while others have shown 
decreased metabolic activity in the prefrontal cortex of 
obese individuals [41]. Researchers are of the opinion that the 
obesity-related structural and functional alterations in the 
brain may be caused by the co-morbidities associated with 
obesity such as diabetes, hypertension and sleep apnoea. 
More specifically it has been demonstrated that a higher 
than normal BMI was associated with neuroinflammation 
and even hippocampal neuronal injury [42].  
Other studies, however, concluded that a lower than normal 
BMI was associated with cognitive decline affecting both 
semantic and episodic memory [43, 44]. Yet other studies have 
reported no difference in memory performance between 
obese and non-obese individuals [45].   
 

 
Table 1: Distribution of anthropometric variables among participants (N = 50) 

 

Groups No. of Participants Percentage 

Study Groups based on Body Mass Index (BMI) 

Group 1: < 18.5 (Underweight) 6 12.0 

Group 2: 18.5 - 22.9 (Normal weight) 23 46.0 

Group 3: 23 - 24.9 (Over weight) 11 22.0 

Group 4: 25 - 29.9 (Grade I Obesity) 6 12.0 

Group 5: 30 and above (Severely obese) 4 8.0 

Mean Body Mass Index 22.79±4.14 (15.79 - 36.65) 

Mean Weight (in Kgs) 63.46±11.64 (43 - 101) 

Mean Age (in years) 20.98±2.84 (18 - 25) 

Age-Groups (in years) 

≤ 18  26 52.0 

> 18 24 48.0 

BMI: Body mass index kg/m2 
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Table 2: Distribution of immediate word recall and immediate object recall in groups (N = 50) 
 

 Groups N Mean Std. Deviation Std. Error 
95% Confidence Interval for Mean 

Minimum Maximum 
Lower Bound Upper Bound 

Immediate Word Recall 

(WR) 

Group-1 6 7.00 0.632 0.258 6.34 7.66 6 8 

Group-2 23 9.74 2.562 0.534 8.63 10.85 6 17 

Group-3 11 9.82 2.316 0.698 8.26 11.37 7 14 

Group-4 6 11.33 3.670 1.498 7.48 15.18 8 16 

Group-5 4 8.75 3.202 1.601 3.66 13.84 6 12 

Total 50 9.54 2.712 0.384 8.77 10.31 6 17 

Immediate Object Recall 

(OR) 

Group-1 6 9.17 0.983 0.401 8.13 10.20 8 10 

Group-2 23 11.83 2.933 0.612 10.56 13.09 8 20 

Group-3 11 10.36 2.873 0.866 8.43 12.29 7 16 

Group-4 6 12.17 1.722 0.703 10.36 13.97 9 14 

Group-5 4 11.50 2.082 1.041 8.19 14.81 9 14 

Total 50 11.20 2.680 0.379 10.44 11.96 7 20 

WR: Immediate word recall (numbers / min); OR: Immediate object recall (numbers / min) 

 
Table 3: Correlation between body mass index and Immediate word recall and immediate object recall  

 

BMI 

Mean±SD 

WR 

Mean±SD 

OR 

Mean±SD 

Correlation between BMI and WR Correlation between BMI and OR 

(r) value p - value  (r) value p - value 

22.79±4.14 9.54±2.71 11.20±2.68 0.155  0.284 0.100  0.489 

BMI: Body mass index kg/m2; WR: Immediate word recall (numbers / min); OR: Immediate object recall (numbers / min); (r)value: 

Pearson’s Correlation  

 
Table 4: Comparison within and between the groups (ANOVA) and F-values and p-values 

 

 Sum of Squares df Mean Square F-value p value 

Immediate Word Recall 

(WR) 

Between Groups 62.266 4 15.566 

2.349 0.069 Within Groups 298.154 45 6.626 

Total 360.420 49  

Immediate Object Recall 

(OR) 

Between Groups 47.484 4 11.871 

1.754 0.155 Within Groups 304.516 45 6.767 

Total 352.000 49  

WR: Immediate word recall ; OR: Immediate object recall ; df - Degrees of Freedom; p-value > 0.05 Statistically Not Significant 

 

5. Conclusion  

The present study observed a nonsignificant positive trend 

between adiposity and short-term memory; however, given 

conflicting evidence in literature, the findings should be 

interpreted with caution and explored further in larger, well-

designed studies. 

 

6. Limitations  

Although the sample size of 50 provides reasonable power 

to detect moderate associations within a homogenous 

cohort, the modest size limits our power to detect small 

correlations. Findings should be interpreted as exploratory 

and hypothesis-generating, replication in larger samples is 

required for external validation.  

 

7. Declaration by Author 

 Conflict of Interest: The authors report that there are 

no conflicting interests to declare 

 Ethical Approval: Approved 

 Acknowledgements: None 

 Source of Funding: None 
 
References 
1. Flegal KM, Kit BK, Graubard BI. Body mass index 

categories in observational studies of weight and risk of 
death. Am J Epidemiol. 2014;180(3):288-296. 

2. Coppin G, Nolan-Poupart S, Jones-Gotman M, Small 
DM. Working memory and reward association learning 
impairments in obesity. Neuropsychologia. 
2014;65:146-155. 

3. Patel KH, Parikh J. The relationship between body 
mass index and cognitive function in young adults: a 

correlational study. Int J Health Sci Res. 2021;11(7):58-
62. 

4. Khade Y, Siva Kumar AV, Maruthy KN, Sasikala P. 
Does body mass index influence cognitive functions 
among young medical students? Clin Epidemiol Glob 
Health. 2021;12:100874. 

5. Kaur T, Ranjan P, Kaloiya GS, Bhatia H, Baboo AG, 
Rawat N, et al. Body mass index and cognitive 
functioning decline: exploring the relationship. J Educ 
Health Promot. 2024;13:197. 

6. Uranga RM, Keller IN. The complex interactions 
between obesity, metabolism and the brain. Front 
Neurosci. 2019;13:513. 

7. Gorelick PB, Scuteri A, Black SE, et al. Vascular 
contributions to cognitive impairment and dementia: a 
statement for healthcare professionals from the 
American Heart Association/American Stroke 
Association. Stroke. 2011;42(9):2672-2713. 

8. Lynch KM, Page KA, Shi Y, Xiang AH, Toga AW, 
Clark KA. The effect of body mass index on 
hippocampal morphology and memory performance in 
late childhood and adolescence. Hippocampus. 
2021;31(2):189-200. 

9. Kuo HK, Jones RN, Milberg WP, Tennstedt S, Talbot 
L, Morris JN, et al. Cognitive function in normal-
weight, overweight, and obese older adults: analysis of 
the Advanced Cognitive Training for Independent and 
Vital Elderly cohort. J Am Geriatr Soc. 2005;54(1):97-
103. 

10. Nichols E, Gross AL, Hu P, Sekher TV, Dey AB, Lee J. 
The association between body mass index and 
cognition in India: data from the Longitudinal Aging 

https://www.allsportsjournal.com/


Journal of Sports Science and Nutrition https://www.allsportsjournal.com 

~ 5 ~ 

Study in India (LASI). BMC Public Health. 
2024;24:2720. 

11. Kotlyarov SN. Mechanisms of cognitive impairment in 
arterial hypertension. World J Psychiatry. 
2025;15(7):106597. 

12. De Bruijn RF, Bos MJ, Portegies ML, Hofman A, 
Franco OH, Koudstaal PJ, Ikram MA. The potential for 
prevention of dementia across two decades: the 
population-based Rotterdam Study. BMC Med. 
2015;13:132. 

13. Conforto RM, Gershman L. Cognitive processing 
differences between obese and non-obese subjects. 
Addict Behav. 1985;10(1):83-85. 

14. Gunstad J, Lhotsky A, Wendell CR, Ferrucci L, 
Zonderman AB. Longitudinal examination of obesity 
and cognitive function: results from the Baltimore 
Longitudinal Study of Aging. Neuroepidemiology. 
2010;34(4):222-229. 

15. Lentoor AG, Myburgh L. Correlation between body 
mass index and performance on the Montreal Cognitive 
Assessment in adult women in South Africa. Behav 
Neurol. 2022;2022:8994793. 

16. Gavett BE, Horwitz JE. Immediate list recall as a 
measure of short-term episodic memory: insights from 
the serial position effect and item response theory. Arch 
Clin Neuropsychol. 2012;27(2):125-135. 

17. Kanwar S, Bafna G, Gogania P, Raut R. Assessment of 
short-term memory by word and object tests in young 
adults. Int J Health Sci Res. 2023;13(6):90-92. 

18. Samuel SE, Senapathi P, Shetty S. Association between 
body mass index with cognitive function and activities 
of daily living in elderly: a cross-sectional study. Int J 
Physiother Res. 2021;9(4):3979-3984. 

19. Fergenbaum JH, Bruce S, Lou W. Obesity and lowered 
cognitive performance in a Canadian First Nations 
population. Obesity. 2009;17(10):1957-1963. 

20. Kumbhar AN, Desai PR. Correlation between body 
mass index and cognitive performance of undergraduate 
medical students. Natl J Physiol Pharm Pharmacol. 
2019;9(6):489-492. 

21. Elias MF, Elias PK, Sullivan LM, Wolf PA, 
D’Agostino RB. Lower cognitive function in the 
presence of obesity and hypertension: the Framingham 
Heart Study. Int J Obes Relat Metab Disord. 
2003;27(2):260-268. 

22. Cournot M, et al. Relation between body mass index 
and cognitive function in healthy middle-aged adults. 
Neurology. 2006;67(7):1208-1214. 

23. Cheke LG, Simons JS, Clayton NS. Higher body mass 
index is associated with episodic memory deficits in 
young adults. Q J Exp Psychol. 2016;69(11):2305-
2316. 

24. Gunstad J, Paul RH, Cohen RA, Tate DF, Gordon E. 
Obesity is associated with memory deficits in young 
and middle-aged adults. Eat Weight Disord. 
2006;11(1):15-19. 

25. Deckers K, Van Boxtel MPJ, Verhey FRJ, Köhler S. 
Obesity and cognitive decline in adults: effects of 
methodological choices and age confounding. J Nutr 
Health Aging. 2017;21(5):546-553. 

26. Nilsson LG, Nilsson E. Overweight and cognition. 
Scand J Psychol. 2009;50(6):660-667. 

27. Hartanto A, Yong JC, Toh WX. Bidirectional 
associations between obesity and cognitive function in 
midlife adults. Nutrients. 2019;11(10):2343. 

28. Langston RF, Stevenson CH, Wilson CL, Saunders I, 
Wood ER. The role of hippocampal subregions in 
memory for stimulus associations. Behav Brain Res. 
2010;215(2):275-291. 

29. Buckner RL, Raichle ME, Miezin FM, Petersen SE. 
Functional anatomic studies of memory retrieval for 
auditory words and visual pictures. J Neurosci. 
1996;16(19):6219-6235. 

30. Winocur G, Moscovitch M, Bontempi B. Memory 
formation and long-term retention: hippocampal-
neocortical interactions. Neuropsychologia. 
2010;48(8):2339-2355. 

31. Valladolid-Acebes I, et al. High-fat diets induce 
changes in hippocampal glutamate metabolism. Am J 
Physiol Endocrinol Metab. 2012;302(4):E396-E402. 

32. Bruehl H, Wolf OT, Sweat V, Tirsi A, Richardson S, 
Convit A. Modifiers of cognitive function and brain 
structure in type 2 diabetes mellitus. Brain Res. 
2009;1280:186-194. 

33. Jagust W, Harvey D, Mungas D, Haan M. Central 
obesity and the aging brain. Arch Neurol. 
2005;62(10):1545-1548. 

34. Raji CA, Ho AJ, Parikshak NN, et al. Brain structure 
and obesity. Hum Brain Mapp. 2010;31(3):353-364. 

35. Bauer CC, Moreno B, González-Santos L, Concha L, 
Barquera S, Barrios FA. Childhood obesity and 
executive cognitive performance: MRI study. Pediatr 
Obes. 2015;10(3):196-204. 

36. Walther K, Birdsill AC, Glisky EL, Ryan L. Structural 
brain differences related to body mass index in older 
females. Hum Brain Mapp. 2010;31(7):1052-1064. 

37. Smith DG, Jones PS, Williams GB, Bullmore ET, 
Robbins TW, Ersche KD. Orbitofrontal gray-matter 
decline related to cocaine use and body mass index. 
Addict Biol. 2015;20(1):194-196. 

38. Pannacciulli N, Del Parigi A, Chen K, Reiman EM, 
Tataranni PA. Brain abnormalities in human obesity: a 
voxel-based morphometric study. Neuroimage. 
2006;31(4):1419-1425. 

39. Gustafson D, Lissner L, Bengtsson C, Björkelund C, 
Skoog I. Twenty-four-year follow-up of body mass 
index and cerebral atrophy. Neurology. 
2004;63(10):1876-1881. 

40. Willeumier KC, Taylor DV, Amen DG. Elevated body 
mass index and decreased prefrontal blood flow. 
Obesity. 2011;19(5):1095-1097. 

41. Volkow ND, et al. Inverse association between body 
mass index and prefrontal metabolic activity. Obesity. 
2009;17(1):60-65. 

42. Mueller K, et al. Overweight and obesity associated 
with neuronal injury in young adults. Transl Psychiatry. 
2012;2:e200. 

43. Qizilbash N, Gregson J, Johnson ME, Pearce N, 
Douglas I, Wing K, Evans SJW, Pocock SJ. Body mass 
index and dementia risk: a cohort study. Lancet 
Diabetes Endocrinol. 2015;3(6):431-436. 

44. Arvanitakis Z, Capuano AW, Bennett DA, Barnes LL. 
Body mass index and cognitive decline in older adults. 
J Gerontol A Biol Sci Med Sci. 2018;73(2):198-203. 

45. Illam S, Lee GJ, Rajaram S, Sabaté J. Relationship 
between body mass index, sleep quality, and cognitive 
performance in overweight adults. Arch Clin Psychol. 
2022;37(6):1401-1409. 

 

https://www.allsportsjournal.com/

