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ABSTRACT

Excessive sugar intake has been widely associated with the increased prevalence of
obesity and diabetes due to its potential in instigating positive energy balance. Sugar
craving, an issue which has yet been explored in our local community, is also postulated
to relate to erratic eating behavior, impulsive food intake and binge eating. The initial
part of this research aimed to develop and validate a sugar craving assessment tool
suitable for Malaysians. Eventually, the Sugar Craving Assessment Tool for Malaysian
(MySCAT) was created that has good internal consistency (oo = 0.866) and the score
was significantly correlated with sugar intake measured via FFQ Sugar (r = 0.332, p
<0.01). As opposed to high energy density and palatability of sugar in foods, the low
calorie sweeteners (LCS) has been suggested as alternative to sweeten foods but without
markedly excessive calories. Stevia has recently been popular as sugar substitute and it
is from plant source, hence deemed more acceptable to be consumed by lay person,
relative to artificial sweetener like aspartame. Further, we compared the sweetness
perception and acceptance of solid and liquid foods containing either sugar, stevia or
aspartame. Healthy adults perceived sugar sweeter than both LCS. The replacement of
sugar with LCS was acceptable among the subjects. In the subsequent study using
different group of subjects, we investigated the association between sugar craving and
sweetness perception as well as eating behavior (restraint, emotional and external traits).
Results indicate that female, overweight/obese individuals and restraint eaters
possessed higher sweetness perception than their counterparts. The final part of this
research aimed to compare the effects of sugar, stevia and aspartame consumption on
energy compensation, appetite responses (satiety, fullness and desire to eat sweet) and
appetite hormones changes (insulin, leptin and ghrelin). The “preload paradigm”
method has been used, whereby 3 types of preloads (sugar, stevia and aspartame) were
given prior to test meal served as lunch buffet with ad-libitum intake. We found that
following LCS preloads, energy intake during test meal was higher (COMPX 45.6% for
stevia and 54.1% for aspartame) but total energy intake (preloads + test meal) was
significantly higher with LCS consumption. Sugar preload significantly increased leptin
the most compared to LCS after 2 hours. There was no significant relationship recorded
between sweeteners and their impact on appetitive responses. Conclusively, we had
successfully develop a novel method to measure sugar craving among Malaysian and it
is useful in the assessment of the risk of excessive sugar intake. In the effort of reducing
energy density of food and sugar content, replacement of sugar with stevia, a natural
sweetener, is recommended as it proven to reduce total energy intake while maintaining
the normal hormonal changes and do not interfere with appetitive responses.
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ABSTRACT IN BAHASA MALAYSIA

Pengambilan gula secara berlebihan adalah berkait dengan penularan prevalens obesiti
dan diabetes di seluruh dunia, di mana ia boleh menyebabkan lebihan kalori.
‘Mengidam makanan manis’ merupakan isu yang kurang diselidik dalam komuniti
tempatan tetapi mempunyai kesan terhadap tingkahlaku pemakanan yang tidak sihat.
Peringkat awal penyelidikan ini bertujuan untuk mencipta dan mengesahkan satu
kaedah soal selidik untuk menilai tahap ‘mengidam makanan manis’ di kalangan rakyat
Malaysia. Sehubungan itu, boring soal selidik ‘Sugar Craving Assessment Tool for
Malaysian (MySCAT)’ telah dibentuk dan disahkan konsisten secara statistic (o =
0.866) dan skor MySCAT didapati mempunyai kolerasi yang significant dengan jumlah
pengambilan gula harian di kalangan subjek yang dinilai menggunakan soal selidik
‘FFQ Sugar’ (r=0.332, p < 0.01). Penggunaan pemanis berkalori rendah (“low calorie
sweeteners’, LCS) menjadi satu alternatif untuk mengurangkan penggunaan gula yang
berkalori tinggi. Stevia terkenal sebagai salah satu LCS yang lebih dipercayai oleh para
pengguna kerana berasal dari sumber tumbuhan jika dibandingkan dengan pemanis
tiruan seperti aspartame. Seterusnya, kajian dibuat untuk mengetahui hubungan antara
penerimaan tahap kemanisan makanan dan minuman yang menggunakan gula, stevia
aspartame. Subjek dewasa mempunyai skor penerimaan tahap kemanisan yang lebih
tinggi dalam sampel gula berbanding LCS. Penggunaan LCS untuk menggantikan gula
dalam sampel makanan dan minuman adalah boleh diterima di kalangan subjek.
Seterusnya, subjek wanita, golongan berlebihan berat badan/ obes dan ‘restraint eaters’
adalah lebih cenderung untuk mempunyai penerimaan tahap kemanisan yang lebih
tinggi. Bahagian akhir kajian ini bertujuan untuk menyelidik dan membandingkan
kesan pengambilan gula, stevia dan aspartame terhadap kompensasi pengambilan
makanan, selera makan (rasa lapar, kenyang dan keinginan terhadap makanan manis)
dan juga kesan kepada hormon yang mengawal selera (insulin, leptin dan ghrelin).
Kaedah ‘preload paradigm’ telah digunakan di mana 3 jenis ‘preload’ yang berbeza
kandungan pemanis (sama ada gula, stevia atau aspartame) telah diberikan kepada
subjek sebelum hidangan kajian dihidangkan secara bufet ‘ad [libitum’. Data
menunjukkan pengambilan makanan selepas ‘LCS preload’ adalah lebih tinggi
kandungan kalori berbanding ‘preload’ gula (COMPX 45.6% untuk stevia dan 54.1%
aspartame). Walau bagaimanapun, jumlah pengambilan kalori adalah lebih tinggi dan
signifikan bagi hidangan yang menggunakan gula berbanding kedua-dua LCS.
Penggunaan gula dalam preload juga menyebabkan kenaikan paras ghrelin yang
signifikan selepas 2 jam pengambilan. Namun begitu, tiada perbezaan yang ketara dari
segi rasa lapar, kenyang dan keinginan terhadap makanan manis jika gula dibandingkan
dengan LCS. Secara konklusi, penyelidikan ini telah berjaya menghasilkan satu kaedah
soal selidik yang baru untuk menilai tahap ‘mengidam makanan manis’ di kalangan
rakyat Malaysia; di mana ia juga berpotensi untuk mengenalpasti risiko pengambilan
gula yang berlebihan. Bagi mengurangkan kepadatan kalori dalam diet, penggunaan
stevia untuk menggantikan gula adalah disarankan kerana ia boleh mengurangkan
jumlah pengambilan kalori di samping tidak membawa perubahan yang tidak baik
terhadap kawalan hormon dan selera makan.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

For the past few decades, there are vast interests and research works been done in
studying the impacts of sugars and their connections to health consequences. Many have
postulated the effects of simple sugars (mono- and disaccharides) in the etiology of
nutrition-related diseases namely obesity and diabetes. The mechanism lies in the
burden of high calories carried by sugars while having no other nutritive values, and at
the same time provide the palatability that is irresistible to human. Hence, intake of
sugar, particularly in excess compared to daily recommended intake, may disturb
energy equilibrium when calorie intake is more than out (through physical activity). In
Malaysia, intake of sugar has been recorded in a few studies. In 2008, the Malaysian
Adult Nutrition Survey (MANS) reported sugar intake among Malaysians was 21 g/day
(4.2% of total calorie intake of 2000 kcal/day) (Norimah et al., 2008), while data
collected from Nik Shanita (2012) showed mean difference of 5.2 g/day of sugar intake
comparing two methods: Food Frequency Questionnaire for Sugar (FFQ Sugar, 49.4
g/day, 9.8% of total calorie intake of 2000 kcal/day) and 24-hour diet recall (44.2 g/day,
8.8%).

Whilst it is still uncommon to find the study on sugar craving in Malaysia, some
studies abroad have shown the associations between food craving and food intake, and
when further analysis was done, craving food items which were high in sugar and fat
(palatable foods) were predisposed to higher intake among adults. This is an alarming

finding as craving involve particularly series of cognitive and behaviour connections



and some individuals who are resistant to this temptation may yield to the desire of
consuming these calorie-dense food groups. And it has been a global knowledge that
excessive intake of sugar leads to the risk of being overweight and obese, and
subsequently Type 2 diabetes, hypertension and cardiovascular diseases, it become and
priority for the researchers nowadays, particularly in Malaysia, to embark on this
behavioural issues of sugar craving; with hope that we afterwards may relate them to
the prevention of excessive sugar intake.

The efforts of reducing sugar intake include literally reducing the intake of
sugar-containing foods and beverages as well as to substitute sugar with other
sweetening agent, which also known as low calorie sweeteners (LCS). The LCS
contribute to sweet taste but contain negligible calorie, for example stevia, aspartame,
acesulfame K, sorbitol and sucralose. In Malaysia, the national guideline of dietary
intake for the control of diabetes also include the usage of LCS within the recommended
level for the patients. This emphasizes on the role of LCS in maintaining good glucose
control especially for diabetic patients, as well as in prevention of hyperglycemia and
excessive calorie intake among normal individuals.

Due to uncoupling of sweet and calorie content in LCS, there rise a theory that
LCS consumption may not be in accord with the normal appetite regulation pathways
compared to caloric sweetener (sugar). As deliberated by Blundell and his colleagues
for almost 30 years now, satiety cascade involves sensory, cognitive, post-ingestive and
post-absorptive phases. In this study, the researcher is manipulating the study design to

investigate the roles of stevia in all four phases with regards to short term food intake.



