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This study aimed to determine verbal memory performance differences between obese and normal-weight adolescents 
among high academic achievers as measured by a computerised version of Rey Auditory Verbal Learning Test. 58 normal-
weight and 47 obese adolescents were recruited from two Secondary Schools (aged 13 to 16 years) and one Junior College 
(aged 17 to 18 years) in Singapore. Eight trials of word recall and memory test scores, the sum of total number of words 
correctly recalled for Trials 1 to 5 [Total Learning (TL)], and difference in word recall between Trial 5 and Trial 1 [Learning 
Rate (LR)] were measured. Socioeconomic status (SES) was measured by the summative ranking of the housing category 
and the educational levels of the parents.  Obese participants recalled significantly lesser words in all trials and TL 
memory category. There was no significant difference between normal-weight and obese participants on the indicators of 
housing category, father’s education, mother’s education, overall SES, and LR memory category.  Obese adolescents had 
poorer verbal memory performance as compared to the normal-weight participants. The role of SES could not adequately 
account for the memory difference between both groups. This finding suggested difficulty in memory acquisition and 
retrieval ability in the obese group. 
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Introduction

The rising obesity level has become a serious concern 
worldwide. The increases in the prevalence of obesity over 
the years clearly linked it to various related health risks 
and diseases such as coronary diseases, diabetes mellitus, 
sleep apnea, arthritis and cancer (Jonsson et al., 2002; 
World Health Organisation, 2000). Apart from the health 
risks, a rising rate of obesity has economic consequences 
(Montague, 2003). Similarly in Singapore, overweight and 
obesity are also a growing problem with an increasingly 
affluent population, even amongst children and adolescents, 
and this is of particular concern because the early onset 
of obesity leads to an increased likelihood of obesity and 
links to increased prevalence of obesity-related disorders in 
later life (Ministry of Health, 2004). It was estimated that 
the cost of obesity is 2 to 7% of total health care costs in 
developed countries and Singapore could encounter similar 
implications if this trend continues and is not addressed 
early (Ministry of Health, 2004).

Despite the abundance of research on the health-related 
effect of obesity, currently, there is still a lack of research 
investigating the impact of obesity on cognitive performance, 

in particular, the memory abilities of obese children and 
adolescents. Optimum memory functioning is an important 
factor that could influence academic performance (Bell, 
2001; Danili & Reid, 2004; Gathercole, Pickering, Knight 
& Stegmann, 2004). There are some evidence that obesity 
was associated with cognitive deficit in the form of lowered 
educational attainment (Sargent & Blanchflower, 1994; Mo-
suwan, Lebel, Puetpaiboon & Junjana, 1999; Datar, Sturm 
& Magnabosco, 2004) and intelligence test performance 
(Sorensen, Sonne-Holm, Christensen & Kreiner, 1982; 
Sorensen & Sonne-Holm, 1985; Teasdale, Sorensen & 
Stunkard, 1992). Obese students have poorer academic 
performance (Sargent & Blanchflower, 1994; Mo-suwan 
et al., 1999; Datar et al., 2004), which could be linked to 
cognitive deficiency (Sorensen et al., 1982) irrespective of 
parental social class (Sorensen & Sonne-Holm, 1985). 
Importantly, this cognitive deficit was also observed in obese 
Asian children. Li (Li, 1994) investigated the differences in 
measures of intelligence between obese and normal weight 
primary school children in China and reported severely 
obese children had significantly lower IQ scores of an 
average of 11 points than the controls after controlling for 
parental educational attainment. Thus, in this study, we 
were interested to find out if signs of cognitive deficiency, in 
the form of memory performance, could also surface among 
the obese of top academic performance.

Cognitive decline was commonly observed in the geriatric 
population but, interestingly, the cognitive decline in 
the elderly group with obesity could be higher. Kilander, 
Nyman, Boberg & Lithell (1997) reported that elderly 
participants with obesity showed impaired cognitive test 
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results independent of socio-economic factors. In the 
longitudinal Framingham heart study conducted by Elias, 
Elias, Sullivan, Wolf & D’agostino (2003), the obesity in 
elderly men was observed to be related to the detrimental 
effect on cognitive performance, particularly in memory. 

Considering the adverse implication that obesity has 
on cognitive performance overall, little is known about 
the impact of obesity on memory performance and the 
limited studies done were mainly in the adult and geriatric 
populations. The growth of cognitive performance from 
childhood to puberty, as well as the decrease in performance 
during the late lifespan could be likely due, or at least closely 
linked, to performance changes in memory (Klimesch, 
1999; Lupien et al., 2005). However, no study has yet been 
conducted on obese adolescents and children to examine 
the impact of obesity on memory performance. In this 
study, the memory performance is the cognitive variable 
being investigated because memory capacity of students 
is considered a crucial factor that could potentially affect 
academic performance (Bell, 2001; Danili & Reid, 2004; 
Gathercole, Pickering, Knight & Stegmann, 2004). A 
memory test, computerized version of Rey Auditory Verbal 
Learning Test (c-RAVLT), was selected as the experimental 
instrument to assess the memory performance. RAVLT 
assesses verbal memory that is relevant in the context of 
Singapore schools where students are expected to constantly 
process verbal information in their learning. This test 
instrument was also chosen as it has been widely used in 
the clinical setting to detect memory impairment related to 
memory disorders and degenerative diseases of the brain 
(Jackson, Fox, Waugh, Tuck & Hawke, 1987; Tierney et al., 
1994; Kurylo, Temple, Elliott & Crawford, 2001; Gonalez, 
Kulisevsky, Boltes, Otermin & Sanchez, 2003; Stamenovic, 
Djuric, Jolic, Zivadinovic & Djuric, 2004).

Results from this study may lead to a higher importance 
being placed in the healthy lifestyle and physical education 
program in schools to prevent memory deficiency due to 
obesity especially when the prevalence of obesity in children 
and adolescents is a rising problem (Ministry of Health, 
2004). Regular physical activities have been shown to be 
related to better cognitive performance in children (Sibley 
& Etnier, 2003), and in the long run, this may continue 
to bring cognitive benefits during adulthood (Weuve et 
al., 2004) and old age (Colcombe & Kramer, 2003; Dik, 
Deeg, Visser & Jonker, 2003). Hence, the purpose of this 
study was to examine differences in memory performance 
between obese and normal-weight adolescents particularly 
among high academic achievers in Singapore using a 
neuropsychological test.

Methods

Participants and Recruitment 
A group of participants within the age group of 13 to 18 
years old were recruited from two top secondary schools 
and a junior college in Singapore. Participants from these 
two secondary schools represented the top 7% of the 13 to 

16 years old cohort of students enrolment into secondary 
school education at the time of recruitment (Ministry of 
Education, 2006), while those recruited from the junior 
college were students representing the top 11% academic 
achievers of the 17 to 18 years old cohort enrolled from the 
2003 and 2004 General Cambridge Examination Ordinary 
Level examination into the pre-university education. 
(Ministry of Education, 2006). The obese participants were 
recruited from each respective school’s weight management 
club that they were enrolled in. Based on the number of 
obese students recruited from each school, an age-and 
gender-matched group of similar number of male and 
female normal-weight participants was randomly recruited 
from the respective school’s registry of students.

Potential participants were interviewed initially to rule 
out any medical, neurological or psychiatric conditions or 
events that could affect their brain structure and cognitive 
performance and were excluded if they had: (a) current or 
past psychiatric or neurological disease; (b) head trauma 
with loss of consciousness for more than thirty minutes; 
(c) hypertension, diabetes, or medical conditions that may 
alter cerebral functioning; (d) used anorexic medications or 
surgical procedures for weight loss in the past 6 months, 
(e) used prescription medications, including nutritional 
supplement, in the past 4 weeks, and (f) a smoking history 
(Wang et al., 2001). However, none of the participants 
recruited for the study needed to be excluded.

Participants’ Socioeconomic Status 
The information on their parents’ education and type of 
housing they were residing in were collected via surveys 
to assess their SES. As we have selected the subjects 
based on these similar SES background, we do not 
expect any significant differences in these indicators. The 
parents’ educational levels were also collated via MOE’s 
centralized student database for further verification. The 
ascending ranking order of their parents’ educational 
levels corresponding with the highest level of education 
they attained was arranged in the following order: (1) no 
schooling; (2) primary; (3) secondary; (4) pre-university/
polytechnic; and (5) university education. The type of 
housing they resided in was reported by the participants. 
The housing categories of the participants collated consisted 
of both government-subsided Housing Development Board 
(HDB) flats and non-subsided private properties such as 
condominium and landed properties. The average price 
of (1) three-room HDB flats, (2) four-room HDB flats, (3) 
five-room HDB flats, (4) condominiums and (5) landed 
properties; and its corresponding ranking according to its 
mean price were collated in the above ascending order. The 
participants’ SES was measured by the summative ranking 
of the housing category, father’s education and mother’s 
education.  

Ethical Issues
An ethics approval was granted from the Institution’s 
Review Board for Research involving Human Subjects. 
Participants were briefed in detail about the study and test 
involved. Participants and their parents submitted a signed 
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informed consent. Participation in this study was voluntary 
and participants were free to withdraw from the study at any 
time without penalty. Permission was granted by the Ministry 
of Education of Singapore to undertake this research.

Body Composition
Obesity was defined according to an anthropometric and 
body composition study that had refined the BMI percentile 
curves for male and female children and adolescents up to 
18 years of age (Dik, Deeg, Visser & Jonker, 2003). The 
international cut-off points for BMI for overweight and 
obesity by gender between 13 to 18 years, defined to pass 
through BMI of 25 and 30kg/m2 at age 18 years, were used in 
this study (Cole, Bellizzi, Flegal & Dietz, 2000). The stature 
of participants was measured to the nearest centimetre using 
a rigid stadiometer and weight was measured to the nearest 
0.1kg using a balance scale. 

Waist girths were measured using a measuring tape 
according to the guidelines of the International Society 
for the Advancement of Kinanthropometry (International 
Society for the Advancement of Kinanthropometry, 2001). 
Based on an Asian-Pacific consensus, 2 cut-offs of 90cm 
and 80cm for male and female individuals, respectively, are 
recommended for Asian populations and were used as the 
cut-off points for obesity in this study. No special preparation 
was required except that the participants were told to wear 
light clothing for all test measurements. 

Computerised Rey Auditory Verbal Learning Test
RAVLT, documented widely as a valid and reliable 
neuropsychological instrument, (MaCartney-Filgate 
& Vriezen, 1988; Vakil & Blachstein, 1993; Bird, 
Papadopoulou, Ricciardelli, Rossor, & Cipolotti, 2003), 
assesses verbal memory as the cognitive variable being 
examined in this study (Lezak, 1995, p. 438-440). The 
administration procedures and standardised instructions of 
RAVLT (Lezak, 1995, p. 438-440) were replicated strictly in 
the computerized version c-RAVLT (Wong, Boh & Lee, 2005) 
administered in an air-conditioned computer laboratory 
that allowed for multi-participant testing. A maximum of 
eight participants was allocated to do the memory test in 
the computer laboratory for each session. They were seated 
at least three seats away, equivalent to four metres apart 
from one other, and each computer station had a partition 
on both sides to prevent the participants from hearing one 
another during the verbalising of words that were recalled 
in every trial. In each station, there was a computer monitor 
with attached keyboard, a computer mouse and an earphone 
with attached microphone. The participants were briefed 
to follow the instructions of the test and on the estimated 
duration of the whole test including a twenty-minute delay. 
The participants were instructed to adjust the earphone 
and microphone to suit their own comfort. They were also 
instructed to adjust the volume level to a level where they 
could listen to the instructions and words clearly. 

The first list of 15 common nouns was read to the 
participants at a rate of one word per second in five 
consecutive trials (Trials 1 through 5); each reading was 

followed by a free recall task. In Trial 6, a new list of 15 
new common nouns was presented and followed by a free 
recall of these new nouns. In Trial 7, without an additional 
reading, participants were asked to recall the words from the 
first list. Trial 8 was conducted twenty minutes later, and 
again without an additional reading, participants were asked 
to recall from the first list (Lezak, 1995, p. 438-440). There 
was no time limit for recalling words during each trial. The 
words that were being recalled and read out were recorded 
immediately into c-RAVLT as an audio file. After the test, 
the researcher accessed the specific participant’s audio files 
to retrieve the number of words recalled correctly so as to 
tabulate the memory scores.

Scoring Categories of RAVLT
(a) Immediate Memory was assessed by the score for Trial 
1, which was based on the total number of words correctly 
recalled from the first word List A immediately following 
the first trial. Scoring for the next four trials was also based 
on the total number of words correctly recalled after being 
presented with word List A on successive occasions. (b) Best 
Learning was assessed by the score for Trial 5, which was 
based on the total number of words correctly recalled from 
word List A immediately following the fifth trial. (c) Total 
Learning was assessed by sum of total number of words 
correctly recalled for Trials 1 to 5. (d) Proactive Interference 
was assessed by score for Trial 6, which was based on total 
number of words correctly recalled from the second word 
List B immediately following the sixth trial. (e) Retroactive 
Interference was assessed by score for Trial 7, which was 
based on the total number of words correctly recalled from 
List A immediately following Trial 6 and without having List 
A’s words read out to them. (e) Delayed Recall was measured 
by the score for Trial 8; it was based on the total number of 
words correctly recalled after the twenty-minute delay and 
without having List A’s words read out to them. (f) Learning 
Rate was measured by the score difference between Trial 5 
and Trial 1.

Mental State Assessment
In this study prior to administration of c-RAVLT, qualitative 
assessment of the participants’ physical and emotional state 
was done by verbally interviewing them on questions to 
ascertain whether they were physically unwell (e.g., flu, fever 
and headache) and/or encountered any emotional problems 
lately (such as feeling depressed or anxious) that could affect 
their studies or life in general. The questions asked were 
adapted from RAND 36-Item Health Survey Questionnaire 
(Hays, Sherbourne, & Mazel, 1993).

Data Analysis
An independent t-test was conducted to examine the 
difference of body composition status between the obese 
and normal-weight group. The parents’ education and type 
of housing were ranked accordingly. The respective ranks 
were summed up to reflect the participant’s socioeconomic 
status. These ranked measured differences were examined 
using Mann Whitney U test. Body Composition (Trials 
repeated ANOVA measure was conducted to examine 
the main effect of body composition across trials. If the 
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assumption of Mauchly’s test of sphericity was violated, the 
degrees of freedom for F tests were adjusted accordingly 
and Greenhouse-Geisser estimate was used to examine the 
main effect of body composition across trials. Word recall 
performance and memory scores at different trials between 
obese and normal-weight participants were analysed using 
a series of univariate ANOVA. Level of significance was set 
at alpha less than 0.05. SPSS for Windows version 11.5 was 
used to analyse the data.

Results

Participants Demographics
A group of 105 participants - 47 obese and 58 normal-
weight adolescents from two secondary schools and a junior 
college of top academic standing; within the age group of 
13 to 18 years participated voluntarily in this study. Data 
are summarized in Table 1 for weight, height, BMI, waist 
circumference and age. A series of t tests conducted showed 
significantly higher weight (p < .001), BMI (p < .001) and 
waist circumference (p < .001) in the obese group. 

In order to explore the main effect of body composition 
across trials, data for the obese and normal-weight groups 
over the eight learning trials were analysed using Body 
Composition (Trials repeated ANOVA measure. The 
Mauchly’s test of sphericity showed within subject effect 
was significant, x2 (27) = 270.148, p < .001. However, the 
assumption of sphericity was violated and, therefore, the 
degrees of freedom for F tests were adjusted accordingly. F 
test using Greenhouse-Geisser estimate showed there was no 
interaction between body composition and trials, F (4.22, 
435.11) = .757, ns. F test using Greenhouse-Geisser estimate 
showed there was a main effect for trials, F (4.22, 435.11) = 
347.91, p < .001, partial _2 = .772. The main effect for body 
composition, F (1, 103) = 23.31, p < .001, partial _2 = .185, 
was significant and its effect size was large. This key result 
illustrated that obese participants recalled significantly 
lesser words than normal-weight participants in all trials.  
To examine the verbal memory performance difference 
between obese and normal-weight participants at different 
trials, a series of univariate ANOVA tests and its effect size 
were tabulated. Referring to Table 3, obese participants 
performed poorer in word recall than normal-weight 
participants in all trials and Total Learning. However, there 
was no significant difference in LR between both groups. 

Table 1. Mean Scores, Standard Deviation and t-values on 
Weight, Height, BMI, Waist Circumference and Age of the 
Obese and Normal-weight Group.

Variables Obese  Normal-weight t values
 N=47  N=58

Weight (kg)
M 89.5  56.9 16.1*
SD 12.9  7.7
Height (cm)
M 167.9  167.4 -
SD 7.7  8.1
Body Mass Index (kg/m2)
M 31.65  20.23 24.20*
SD 3.09  1.65
Waist circumference (cm)
M 93.9  72.7 16.64*
SD 6.65  6.37
Age (years)
M 16.67  16.45 -
SD 1.96  1.39
* p < .001.
^ ns.

Body Composition and SES
The respective ranking of each participant’s housing 
category and parent’s education was totaled up to form 
summative ranking of the participant’s SES (See Table 2). 
The indicators of housing category, parents’ education and 
SES were similar across subjects. 

Body Composition and Word Recall Performance
With reference to Figure 1, the word recall curve between the 
obese and normal-weight group followed a similar pattern 
and a crude analysis shows that obese participants recalled 
lesser words in all trials than normal-weight participants.

Table 2. Mean Ranks, Sum of Ranks and Mann Whitney 
U values on the Housing Category, Father’s Education, 
Mother’s Education and SES of Obese and Normal-Weight 
Participants.

 Obese Normal-weight Mann 
 N = 47  N = 58 Whitney
    U values

Housing Category
Mean Rank 53.62  52.50 1334.00^
Sum of Ranks 2520.00  3045.00
Father’s Education
Mean Rank 56.04  50.53 1220.00^
Sum of Ranks 1125.00  955.00
Mother’s Education
Mean Rank 51.49  54.22 1292.00^
Sum of Ranks 2420.00  3145.00
SES
Mean Rank 53.93  52.25 1319.50^
Sum of Ranks 2534.50  3030.50
^ ns.

Figure 1. Word Recall Curve between Obese and Normal-
Weight Groups on eight c-RAVLT trials.
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Discussion

In contrast to the extensive research reviewed on the 
relationship between obesity and health related risk, very 
few studies deal with the effect of obesity on cognitive 
performance, particularly memory performance especially 
in adolescence and childhood. This is apparently the first 
study to examine the influence of obesity on memory 
performance using a valid and reliable memory test in a 
sample group of obese and normal-weight adolescents in 
Singapore and elsewhere. This study used the computerised 
version (c-RAVLT) developed using the original protocols 
and instructions of the face-to-face paper and pen version of 
the test, which were replicated strictly (Vakil & Blachstein, 
1993) to remove researcher’s variability. The anthropometric 
data revealed obese participants have significantly higher 
weight, BMI and waist circumference than the normal-
weight group.    

The finding in this study revealed that the obese group 
significantly recalled lesser words in all trials and scored less 
in different memory score categories as compared to their 
normal-weight counter-parts. Our finding is consistent with 
previous studies that reported cognitive and memory deficit 
in geriatric populations (Kilander, Nyman, Boberg & Lithell, 
1997; Elias, Elias, Sullivan, Wolf & D’agostino, 2003) and, 
consequently, would warrant a closer examination of its 
implications. Firstly, due to the sensitivity of RAVLT to 
identify memory impairment (Jackson, Waugh, Tuck & 

Hawke, 1987; Tierney et al., 1994; Kurylo, Temple, Elliott 
& Crawford, 2001; Gonalez, Kulisevsky, Boltes, Otermin 
& Sanchez, 2003; Stamenovic, Djuric, Jolic, Zivadinovic & 
Djuric, 2004), the lower memory test performance may be 
indicative that obese participants may have a preliminary 
form of memory impairment even at adolescence. 

Vakil & Blachstein (1993) organized the various memory 
scores in terms of information processing around the 
following RAVLT memory factors of acquisition, storage# 
and retrieval. The Immediate Memory score of Trial 1, 
Proactive Interference score of Trial 6 and Learning Rate 
score represent the acquisition ability. The Best Learning 
score of Trial 5, Retroactive Interference score of Trial 7, 
Delayed Recall score of Trial 8 and Total Learning score are 
all determined by retrieval ability.  With reference to these 
clustering, it could indicate that the obese group could be 
acquiring lesser amount of new words (i.e., Tria1 1 and 
Trial 6) than their normal-weight counterparts. However, 
their rate of acquisition may not be different since their 
Learning Rate was not significantly different between the 
both groups. Additionally, the obese group could possibly 
also face difficulty in retrieving learnt words (i.e., Trial 5, 
Trial 7, Trial 8 and Total Learning) as compared with the 
normal-weight group. This has an important implication as 
verbal memory is widely regarded as a “permanent store of 
general world knowledge,” and “this type of memory makes 
learning possible.” (Turkington & Harris, 2001, p. 230). 
As a result, this could have an impact on overall academic 
development, as there is a strong association between 
memory capacity and educational attainment across the 
childhood & adolescence (Bell, 2001; Danili & Reid, 2004; 
Gathercole, Pickering, Knight & Stegmann, 2004). If left 
unchecked, the obese adolescents entering into adulthood 
could have occupational and social mobility issues 
subsequently (Sargent & Blanchflower, 1994; Gortmaker, 
Must, Perrin, Sobol & Dietz, 1993).

Social reasons such as lower motivation due to stigmatization 
of obesity might not also adequately explain the current 
findings since Teasdale, Sorensen & Stunkard (1992) 
reported that the decline in intellectual ability could 
be detected, initially small, at or below the 20-22 kg/m2 
range which is safely out of the obese BMI range. This 
assertion argued against the stigmatization of obesity as the 
primary factor determining our findings.  Furthermore, 
Singapore’s educational system is based on meritocracy 
and has no formal selection procedures that would have 
allowed discrimination on the basis of the body appearance 
of applicants. Nevertheless, this does not preclude the 
possibility that the psychosocial environment of the obese 
acts in a manner that eventually results in a discrimination-
like effect and causes emotional suffering that affects the 
motivation for educational attainment or the utilisation of 
cognitive potential. Despite this possibility, the participants’ 
motivation is not likely to be a critical confounding factor as 
they were assessed verbally via an interview regarding their 
emotional and physical state to determine their readiness to 
participate. None of the participants in this study expressed 
the need to postpone the test and they were, in fact, 
keen to find out more about their memory performance. 

Table 3. Mean Word Recall, Standard Deviation, F values 
comparisons for Obese and Normal-Weight Group on the 
c-RAVLT.

  Obese Normal-
  N=47 weight
                   N=58
     Word recall     F values Partial η2        

T1 (IM) M 6.94 8.67 13.96***  .119
 SD 2.60 2.16
T2 M 10.83 12.36 12.36**        .107 
 SD 2.59 1.87
T3 M 12.43 13.67 14.52***      .124
 SD 2.02 1.30
T4 M 13.26 14.40 12.77**        .110
 SD 2.19 .95
T5 (BL) M 13.64 14.72 11.57**         .101
 SD 2.27 .79
T6 (PI) M 7.43 8.67 7.12*      .065
 SD 2.70 2.09
T7 (RI) M 12.70 14.34 18.84***      .155
 SD 2.65 1.02
T8 (DR) M 12.91 14.43 16.89***     .141
 SD 2.54 1.09
TL M 57.00 64.34 22.36***      .178
 SD 9.78 6.00
LR M 6.83 6.05 1.77^           .029
 SD 2.40 2.11
Abbreviations: IM, Immediate Memory; BL, Best Learning; PI, Proactive 
Interference; RI, Retroactive Interference; DR, Delayed Recall; TL, Total Learning 
(T1+T2+T3+T4+T5); LR, Learning Rate (T5 - T1). 
* P < .01.   ** P < .005. *** P < .001. ^ ns.
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Participants were also informed that they could withdraw 
from the study anytime and hence, were not likely to face 
the unnecessary pressure to perform or complete the test, 
which might otherwise potentially affected the results of 
their tests.

It is important to note that in the earlier studies that reported 
poorer academic performance amongst obese children 
(Datar, Sturm & Magnabosco, 2004) and adolescents 
(Sargent & Blanchflower, 1994; Mo-suwan, Lebel, 
Puetpaiboon & Junjana, 1999), memory performance was 
not the cognitive variable being examined. Hence, based 
on the current finding, it could be reasonably postulated 
that the obese groups in the earlier studies could have 
already encountered some form of memory impairment 
that might have influenced the academic development of 
the individuals during childhood and adolescence. As a 
result, we recommend a need to investigate the effect of 
weight gain on long-term cognitive performance in future 
studies. As we did not have any record of when the obese 
participants first became overweight or obese, we could not 
ascertain if the poorer memory performance existing in the 
obese group could be a chronic situation that started years 
ago. With the possible continuous decline of cognitive, 
educational and/or intellectual abilities as BMI levels rose 
from overweight range toward severe obese level (Bell, 2001; 
Danili & Reid, 2004; Gathercole, Pickering, Knight & 
Stegmann, 2004; Teasdale, Sorensen & Stunkard, 1992), a 
longitudinal study that monitors the long-term weight gain 
from as early as childhood could shed more insight into the 
relationship between obesity and cognitive performance 
through to adolescence and even adulthood. This is a fertile 
ground for future research.

The findings of the present study suggest that SES is unlikely 
to be a strong factor affecting the obese group’s memory 
performance, as there was no significant difference in the 
SES, housing type and parents’ education for both groups. 
In addition, the effect of SES might already be filtered off 
because the sample groups were quite homogeneous, as they 
have gone through a similar structure of 6 years of primary 
(i.e., secondary school participants) and 4 years of secondary 
school education (i.e., junior college participants). Therefore 
it could be assumed that they would have attained a similar 
degree of educational and cognitive capacity. These results 
are also consistent with other adult and geriatric studies that 
reported signs of cognitive and memory deficiency in the 
obese group irrespective of SES (Sorensen & Sonne-Holm, 
1985; Kilander, Nyman, Boberg & Lithell, 1997; Elias, Elias, 
Sullivan, Wolf & D’agostino 2003; Sorensen, Sonne-Holm 
& Christensen, 1983). Sorensen, Sonne-Holm, Christensen 
& Kreiner (1982) had highlighted it is implausible that 
poorer cognitive performance could play a causal role in the 
development of obesity and the likely causal factors might 
be of biological and/or environmental nature. Since, in the 
current study, the environmental factor SES is not likely to 
be a strong factor that could explain the memory deficiency 
in our obese group, contrarily, it is our view that the most 
likely cause could be a neurobiological one. 

Dopamine is a neurotransmitter in the brain and it regulates 
the brain circuits that seem to contribute to the ‘rewarding’ 
aspects of consuming foods (Wang et al., 2001). A deficiency 
in dopaminergic activity, particularly in the brain may 
perpetuate individuals towards a pathological food intake 
behaviour to derive greater pleasure via higher release of 
dopamine and, consequently, a continuous pathological 
intake will eventually lead to obesity (Schmartz, Woods, 
Porte, Seeley & Baskin, 2000; Wang, Volkow, Thanos 
& Fowler, 2003). In addition, dopaminergic deficiency 
in the striatum region of the brain could signal damage 
in the dopaminergic neurotransmission through striatal 
neural circuits and the neural deterioration in this specific 
network of circuits might bring about a loss of information 
processing abilities which result in cognitive and memory 
decline (Wang et al., 2003; Backman et al., 2000).

Studies have shown that obese individuals generally have 
defective dopaminergic systems or lower dopaminergic 
activities (Backman & Farde, 2001; Noble et al., 1994; Spitz 
et al., 2000; Thomas, Critchley, Tomlinson, Cockram & 
Chan, 2001; Thomas et al., 2004) particularly, in the striatum 
region (Wang et al., 2001). Importantly, as described earlier, 
this lack of dopaminergic activities especially in the striatum 
region could also affect cognitive and memory performance 
negatively (Mozley, Gur, Mozley & Gur, 2001) irrespective 
of age (Wang, Volkow, Thanos & Fowler, 2003; Backman 
et al., 2000; Volkow et al., 1998). Therefore it is possible 
that the obese participants in the current study who have 
poorer memory test performance, which may be indicative 
of memory impairment, have also subnormal dopaminergic 
systems. Future research can look into this direction and 
examine the intervening role of the dopaminergic system 
between obesity and cognitive/memory deficit from as early 
as childhood. 

An interesting question is whether there are any intervention 
strategies to improve dopaminergic transmission and 
manage cognitive/memory decline as a result of excessive 
weight gain. If weight gain towards the overweight and 
obese range could affect cognitive performance negatively 
(Teasdale, Sorensen & Stunkard, 1992); in contrast, it can 
be speculated that weight loss may possibly have cognitive 
benefit. Kretsch, Green, Fong, Elliman & Johnson (1997) 
reported that obese women who went on low calorie 
diet and, as a result, lost an average of twelve kilograms 
had improved memory. Interestingly, the implication of 
this finding highlights the possible existence of memory 
deficiency in the obese group before weight loss (Kretsch et 
al., 1997). However, the exact biological mechanism on how 
weight loss via dieting improves memory performance is not 
clear and, therefore, worth researching further. 

Exercising, as a weight management strategy, has always been 
adopted to manage overweight and obesity. Additionally, 
the higher level of cardiovascular health gained through 
regular exercising could have beneficial effects on the brain 
structure and function; and this might slow down cognitive 
decline due to obesity-related brain atrophy, at least during 
middle age (Gustafson, Lissner, Bengtsson, Bjorkelund & 
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Skoog, 2004; Ward, Carlsson, Trivedi, Sager & Johnson, 
2005). Exercise is also postulated not only to be a suitable 
behaviour modifier to control pathological eating but, 
importantly, has also dopaminergic enhancing properties 
(Wang et al., 2001), which may result in cognitive benefits 
besides its role of expending calories. Furthermore regular 
physical activities have been shown to be linked to a better 
cognitive performance in the geriatric population (Colcombe 
& Kramer, 2003; Dik, Deeg, Visser & Jonker, 2003), adult 
population (Weuve et al., 2004) and, more importantly, 
in children (Sibley & Etnier, 2003). This reinforces the 
importance of exercise during childhood and adolescence 
not only as a weight control measure but also to enhance the 
function of dopamine system and, subsequently, to support 
cognition and memory. Therefore, further research to look 
into weight loss interventions such as exercising that could 
possibly be related with enhancement of the dopaminergic 
system and cognition/memory of the obese children and 
adolescent population is warranted.

It was possible that the obese participants in the current 
study could have experienced some fatigue, which might 
have influenced the memory performance differentially 
for both groups. As obesity is related with a higher level of 
fatigue (Rosmond & Bjorntorp, 2000; Patterson, Frank, 
Kristal & White, 2004), the obese participants might have 
suffered greater fatigue than the normal-weight participants 
during the time span of testing, which could account for 
their poorer performance in the memory test. Indicators 
of fatigue were not assessed in the present study, therefore 
it remains unclear if ‘fatigue’ between the two groups 
contributed to the results, albeit this is unlikely. In addition 
to the possibility of encountering greater fatigue, research 
has indicated a positive correlation between obesity and 
attention deficit (Holtkamp et al., 2004; Levitan et al., 2004; 
Agranat-Meged et al., 2005). Although we cannot rule out 
the possibility of our obese participants in experiencing some 
attention deficit, this latter concern is quite unlikely in the 
current study considering that the obese group comprised 
high academic achievers and, therefore, would have been 
able to sustain the continuous attention consistently at least 
throughout the 40-minute memory test. Nevertheless, it is 
strongly recommended that future studies look into factors 
such as fatigue and attention deficit in the administration of 
neuropsychological testing.

Conclusion

In summary, the current study produced evidence of a poorer 
verbal memory performance across all memory components 
in the obese group when compared to the normal-weight 
group, despite being top academic achievers in Singapore. 
Socioeconomic status could not account adequately for 
the difference in memory performance between obese and 
normal-weight participants. The dopaminergic system was 
postulated as a possible intervening agent that might play 
a role in both obesity and memory deficit. Perhaps exercise 
and physical activity may be a suitable intervention strategy 
to manage obesity and, possibly, enhance cognitive and/or 

memory performance. As a result, there is a compelling need 
to continue this investigation on the cognitive complications 
of obesity as early as childhood, taking into account that 
these complications may be manifested into poorer academic 
performance later on in life, and the implications could be 
more than the commonly known health risks and economic 
costs. A longitudinal study to monitor the long-term 
weight gain from as early as childhood will be most useful 
in providing more insight into the relationship between 
obesity and cognitive performance through to adulthood. 
Conversely, the impact of increased physical activity and 
weight loss on cognitive performance is another fertile 
ground for future research. Future studies could also utilize 
other objective and valid measures such as Dual Energy X-
ray Absortiometry scan (DEXA) and sum of skin folds, to 
assess obesity in addition to BMI and waist circumference. 
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