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ABSTRACT 
 
This review re-examines the studies relating sugar consumption to development of 
overweight or obesity as identified for the recent revision of the Australian Dietary 
Guidelines. All studies identified for the initial evidence review that examined sugars 
added to foods  (one systematic review, three randomised controlled trials, one 
retrospective cohort study) were re-examined for biases, methodological flaws, and 
potential confounders that may have affected outcome or quality rating.  While the initial 
evidence review itself followed rigorous methods, methodological issues were evident 
among primary studies, including short duration of interventions, difficulties with estimating 
total sugar intake and distinguishing natural versus added sugars, overlooking effects of 
the food matrix and metabolic differences between glucose and fructose.  Few studies 
examined isocaloric interventions and some introduced concurrent interventions 
confounding the effect of sugar. Most (71%) of the included studies were funded by the 
food industry.  More high quality, well-controlled longitudinal studies are yet required to 
support public health messages relating to sugar added to foods and the risk of weight 
gain. 
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1.  INTRODUCTION 
 
In 2009, the Australian National Health and Medical Research Council (NHMRC) 
commissioned a series of systematic literature reviews in preparation for an update of the 
Australian Dietary Guidelines, which are now released [1].  These include the 
recommendation that Australians should “limit intake of foods and drinks containing added 
sugars” and in particular their intake of sugar sweetened drinks [1].  As one part of the 
preparation for drafting this recommendation, a number of systematic reviews were 
undertaken to examine the evidence on the relationship between sugar consumption and the 
development of overweight or obesity [2].  Three specific aspects were examined: (1) the 
association between consumption of sugars and change in measures of body weight status, 
(2) the association between type of sugar consumed and weight gain, and (3) the 
association between consumption of fructose and increased measures of weight status. 
Although robust methods were used to search the available evidence [3], an evidence 
statement could only be made indicating a probable relationship (i.e. evidence of Grade B) 
that consumption of sugar-sweetened beverages is associated with increased risk of weight 
gain in adults and children [2].  In relation to sugar added to foods, the evidence was weak 
due to the low quantity and low quality [4] of included studies, and thus no evidence 
statement could be made.  In this commentary we critique the evidence uncovered by the 
NHMRC Evidence Report [2] relating levels of sugar consumed in foods to obesity, noting 
problem areas and methodological issues of the primary studies that should inform and drive 
further research. Evidence relating obesity to sugars in beverages was stronger, and we do 
not critique this here. 

 
2. METHODS 
 
NHMRC Systematic Review: The systematic review on sugars that is the basis of this 
commentary followed recommended processes [3] to search seven databases from Jan 
2002 to July 2009.  Search criteria (including terms such as sugar, syrup, glucose, fructose, 
sucrose, malt, monosaccharide, disaccharide, honey, molasses, starch hydrolysate, 
maltodextrin, and polydextrose, as well as body weight, overweight, obesity, and body mass 
index) were approved by the Dietary Guidelines Working Committee of the NHMRC.  Case-
control studies and cross-sectional studies were not included due to their low level of 
evidence[5] and no attempt was made to include unpublished studies.  Details of this review 
are published [2].  Studies examining sugar intake from foods were included, while studies 
examining sugar intake from beverages were instead included in a different NHMRC 
systematic review [2]. 
 
Narrative Review: This narrative review is a commentary on the results of the NHMRC 
Evidence Report on the association between sugar intake from foods and development of 
overweight and obesity, used to inform the 2013 Australian Dietary Guidelines.  Using the 
same list of recommended questions to check validity as the NHMRC [4], each primary study 
included in the NHMRC Evidence Report was critically re-examined and evaluated for biases 
and potential flaws. 
 
3. RESULTS AND DISCUSSION 
 
The NHMRC Evidence Report included five studies focusing on the relation of obesity with 
the amount of sugar consumed through foods: one systematic review [6], three randomised 
controlled trials (RCT) [7-9], and one retrospective cohort study [10] (Table 1). In re-
examining these studies a number of methodological issues became apparent. 
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Table 1.  Biases and flaws of studies included in the NHMRC Evidence Report examining the relationship in adults between sugar 
consumption and body weight 

 
Study Vermunt[6] Brynes[7] Paineau[8] Rodearmel [9] Drapeau[10] 
 
Design 
 

 
SRL 

 
RCT 

 
RCT 

 
RCT 

retrospective 
cohort 

Number of studies 
 

12a 
a) low energy 
sweeteners: 4  
b) complex CHO: 
5  
c) fat: 3  
 

1 1 1 1 

Definition total  
sugars 
 

total  
sugars 

total 
sugars 

total 
sugars 

total 
sugars 

Food matrix not 
considered 
 

not 
considered 

not 
considered 

not 
considered 

not 
considered 

Sugar type  mixed 
 

mixed mixed mixed mixed 

Participants 
and 
Sample size  
 

children & adults:  
a) 30-160 
b) 40-300  
c) 40-220  
 

17 men children + 
parents:b 
a) fat: 280 +280  
b) fat & sugar: 
275 + 274 
c) control:  
394 + 393  
 

95 children 
109 parents 

 
 

248 adults 

 
Study duration 
 

a) 9 weeks-4 
years 
b) 2 weeks-6 
months 
c) 14 days-6 
months 
 

 
24 days 

 
10 months 

 
6 months 

 
6 years 
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Control of energy intake considered 
energy restriction 
and ad libitum 
intake separately 
 

isocaloric 
by design–but a 
2.1MJ difference 
per day reported 

ad libitum  with 
significant 
difference in 
energy intake 
between groups 

ad libitum  with 
significant 
difference in 
energy intake 
between groups 
 

no statistical 
comparison of 
groups 

Method for determining 
food intake  
 

 
varied 

 
7 day food diary 

 
3 day food diary 

number of sugar-
sweetened foods 
per day 

retrospective 
questionnaire on 
change in sugar 
intake over 5 
years  
 

Nutrient analysis 
 

varied source not 
reported 

Table de 
Composition des 
Aliments 
(French) 
 

none none 

Concurrent intervention 
 

no no yes: reduced 
sugar + reduced 
fat, increased 
complex CHO 
 

yes: reduced 
sugar + 
increased 
physical activity 

no 

Outcome measure 
 

body weight body weight 
(secondary 
outcome) 

change in body 
weight; BMI; BMI 
Z-score; fat 
mass; fat free 
mass; chest, 
waist, knee, hip 
circ. 
 

change in body 
weight,; BMI; 
BMI Z-score; 
WC; % body fat 

change in body 
weight; WC; % 
body fat; sum of 
6 skinfold 
thicknessesc 

Major findings a) Inconsistent 
results. Low 
energy 
sweeteners do 
not result in 
weight loss, but 
could aid in 

“Low GI” group 
had reduced BW 
(-0.27 kg, SE 
0.3) compared to 
"high sucrose" 
group (+0.84 kg, 
SE 0.3, P<0.02), 

Children: no 
differences. 
Parents: reduced 
fat and sugar and 
increased 
complex CHO 
had reduced BMI, 

No difference in 
change in BMI Z-
score, % body 
fat, or WC 
between groups 
in children or 
adults.  More 

Subjects 
consuming less 
sugar had a 
lower increase in 
the sum of 
skinfold 
thicknesses and 
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weight 
maintenance.                                        
b) With energy 
restriction, CHO 
source had no 
effect. With ad 
libitum intake, 
greater weight 
loss with 
complex CHO vs 
simple CHO.                                                        
c) No difference 
in change in BW 
between sucrose 
and fat diets.  
 

with no 
difference in 
energy intake. 

reduced fat mass, 
and lower 
increase in hip 
circ., compared to 
control (P<0.05).   

children in 
intervention 
group 
maintained or 
reduced BMI-for-
age and fewer 
increased BMI-
for-age than in 
the control group 
(P<0.05). 

WC than 
subjects 
consuming more 
or the same 
amount of sugar 
during the past 5 
years (P<0.05). 

Conflict of interestd Potential: funded 
by Sugar 
Netherlands 

Potential: funded 
by Sugar Bureau 

Likely: design 
and funding by 
Centre d’Etudes 
et de 
Documentation 
du Sucre 

Likely: funded by 
McNeil 
Nutritionals 
(manufactures 
Splenda); 
Splenda 
provided to 
participants 
 

No 

a Three different interventions were performed in this study: a) low energy sweeteners, b) complex carbohydrates, and c) fat 
b Three different interventions were performed in this study: a) fat, b) fat and sugar, and c) control 

c Skinfold thickness measurements included triceps, biceps, medial calf, subscapular, supra-iliac and abdominal 
d It is reported that studies funded solely by the food industry have significantly higher risk of reporting favourable/neutral rather than unfavourable 

conclusions [11]. This is one component of the validity questions used by the NHMRC [4]. 
Abbreviations: BMI: body mass index; BW: body weight; CHO: carbohydrate; circ: circumference; RCT: randomised controlled trial; SRL: systematic review 

of the literature; WC: waist circumference 
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3.1 Added Sugars versus Total Sugars 
 
The first issue relates to defining added sugars and noting how their presence is identified.  
According to the USDA, added sugars are incorporated in foods during processing or 
preparation [12] and include not only sucrose but other sugars such as glucose, fructose and 
corn syrup [1].  This is complicated by the observation that the definition of added sugars 
varies among organizations[1,12,13] (Table 2).  Consumers however, are unable to readily 
determine the level of added sugars in foods since in Australia, as in the U.S., the Nutrition 
Information panel (or the Nutrition Facts Label) refers only to sugars or total sugars, i.e. the 
sum total of all added sugars and natural sugars present. Yet added sugars and total sugars 
can differ nutritionally [14].  While natural sugars may be found in nutrient-rich foods (e.g. 
lactose in milk or fructose in fruit), added sugars are often found in highly refined foods that 
are characteristically lacking in many important nutrients.  The NHMRC systematic review 
examined only those studies examining foods with added sugars or high in total sugars.  
Studies examining only sugars occurring naturally in foods were excluded.   
 
A brief example can indicate the difficulty of this distinction when considering the effect of 
sugar in foods on weight control. Compare a study where the breakfast intake comprises: 
one cup of cornflakes sprinkled with 10g raw sugar (612 KJ, 12.5 g sugars) versus a study 
where the breakfast intake comprise one cup of cornflakes plus 12g sultanas (612KJ, 11.8 g 
sugars). Although only the first study would be included in the NHMRC review, the 
interventions are isocaloric and would have a similar impact on body weight.   
 

Table 2.  Definitions of added sugars  among various organizations 
 
Organization Definition of added sugar 
National Health and Medical Research 
Council 

Sugars added during processing, including 
sucrose, glucose, fructose, and corn syrup 
[1]. 

United States Department of Agriculture Sugars incorporated in foods during 
processing or preparation, including high 
fructose corn syrup, white sugar, brown 
sugar, corn syrup, corn syrup solids, raw 
sugar, malt syrup, maple syrup, pancake 
syrup, fructose sweetener, liquid fructose, 
honey, molasses, anhydrous dextrose, and 
crystal dextrose [12]. 

World Health Organization and Food and 
Agriculture Organization of the United 
Nations 

All monosaccharides and disaccharides 
added to foods by the manufacturer, cook, or 
consumer, plus sugars naturally present in 
honey, syrups, and fruit juicesa [13]. 

a The World Health Organization and Food and Agriculture Organization of the United Nations do not 
use the term added sugar, but instead use the term free sugars 

 
3.2 Impact of Food Matrix 
 
A second methodological issue is that comparisons between sugar-containing foods usually 
ignore the nature of the food matrix providing the sugar element. Yet studies suggest that 
satiety and thus energy intake can differ according to whether sugar appears in the form of a 
liquid, a refined crystalline component, or as a component held within plant structures (as in 
fruit) [15,16].  In a preload-test meal study [17], isocaloric pre-meals matched for weight and 
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energy density were provided to 58 adults at weekly intervals, followed by a standard test 
meal consumed ad libitum.  The isocaloric preload meals were all composed of apples, 
provided in the form of peeled whole fruit, puréed applesauce, or apple juice with or without 
added pectin.  The pre-meal of whole apples had the greatest impact on satiety and reduced 
total food intake (pre-meal + test meal) by 15%.  No studies in the NHMRC review 
considered the effects of food matrix. 
 
3.3 Form of Sugar: Sucrose versus Glucose versus Fructose 
 
A third issue concerns differences in absorption and metabolism of different types of sugars 
consumed through foods, particularly glucose and fructose.  While glucose on its own is 
actively absorbed via the SGTL1 transporter, the capacity for fructose absorption by GLUT-2 
is limited unless glucose is also present [18].  Consumption of foods containing an excess of 
fructose over glucose (such as apples, pears and fruit juice) may therefore result in fructose 
malabsorption with impact on total energy intake [19].  Another difference is that while 
glucose uptake by the liver and other tissues depends on insulin action, liver uptake of 
fructose does not require insulin [20]. Moreover, as fructose entry into the glycolytic pathway 
is enzymatically unregulated, high fructose consumption is associated with increased 
lipogenesis, leading to hyperlipidemia and potentially obesity [21,22].  High intakes of 
sucrose (which is 50% fructose) or of high-fructose corn syrup (usually 55% fructose in food 
products) can have similar adverse effects on postprandial triglyceridemia [23]. Additionally, 
fructose, unlike glucose, appears able to stimulate ‘hedonic’ pathways in the brain creating 
habituation and leading to potential overconsumption [24].  None of the studies included in 
the NHMRC Evidence Report specifically examined the association between fructose 
consumption and change in body weight, but instead examined effects of added sugars, 
without distinguishing between this mix of sucrose, glucose, and fructose.   
 
3.4 Duration of Intervention 
 
Other problems with the evidence under review concerned study design issues, including the 
duration of interventions. The NHMRC Evidence Report mainly included relatively short-term 
RCTs.  Although the largest of these [8] included more than 500 subjects, the intervention 
lasted for only 10 months. Generally for weight studies in adults, a minimum follow-up of 1-2 
years is recommended [25].  
 
3.5 Control of Total Energy Intake 
 
Comparison between studies is further complicated by whether intervention trials held total 
energy intake constant or followed effects on satiety by allowing an ad libitum intake. Of the 
three RCTs included in the NHMRC Evidence Report, only one [7] sought to hold energy 
intake constant. Yet although this was the aim, in practice a difference in energy intake 
between the intervention (‘low glycaemic index’) group and the control (‘high sucrose’) group 
of 2.1MJ/day could potentially have led to weight changes longer-term. 
 
Studies based on ad libitum intakes have utility in exposing effects on satiety and total food 
consumption that are not revealed when caloric intake is strictly controlled.  Moreover, their 
design more closely approximates conditions in the real world.  However, it then may 
become difficult to distinguish the effects of sugar restriction from that of energy restriction. 
Two [8,9] of the three RCTs included in the NHMRC Evidence Report allowed ad libitum 
food consumption, intervening through education to reduce the consumption of added sugar 
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in one of the intervention groups.  Both studies reported significant differences in energy 
intake between the two intervention groups.  Therefore while weight loss as a result of 
reduced sugar intake proved significant, it does not follow that sugar reduction is necessarily 
more effective than reduction of any other energy-providing nutrients. 
 
3.6 Method of Measuring Sugar Consumption 
 
Difficulties may also arise in determining sugar consumption accurately. Often sugar 
consumption is measured by self-report through dietary records, a method that is inherently 
subject to bias.  Of the studies included in the Evidence Report, one RCT [8] and the 
retrospective cohort [11] used 3-day dietary records to determine total sugar intake, while 
another RCT [7] used 7-day records. Another RCT [9] included in the Evidence Report 
captured the consumption of sweet foods via a food frequency questionnaire (FFQ). These 
are sometimes but not always an accurate means of determining sugar intake since 
accuracy can depend on whether the questions relating to sugar intake have been well 
designed for the target population [26].  The systematic review also included a cohort study 
where participants were asked how their sugar intake had changed over the past five years 
[10].  These recall methods appear to be much less reliable than food diaries and often 
underestimate portion sizes [14,27].In future studies, a more accurate assessment of actual 
sugar consumption may be possible through measuring urinary fructose or sucrose, which 
has been shown to be correlated with sugar intake measured by dietary records [28].  
 
From food intake data, consumption of total sugars, added sugars and naturally occurring 
sugars can be quantified using food composition tables or databases.  Three of the studies 
included in the NHMRC systematic review calculated consumption of sugars in this way 
[7,8,10], buttwo merely recorded the number of sugar-sweetened foods consumed/day 
[9,10]. For future studies, high quality country-specific food composition databases will be 
necessary in order to precisely distinguish between intake of different types of sugars [29]. 
Interestingly, Food Standards Australia New Zealand’s NUTTAB (Nutrition Tables for Use in 
Australia) lists only total sugars [30]. 
 
3.7 Confounding Concurrent Interventions 
 
Many interventions that aim to reduce sugar consumption also involve other measures such 
as restriction of dietary fat.  While such combined interventions may be effective for weight 
loss, they make it difficult to separate out the individual effects of sugar.  Of the studies 
included in the NHMRC systematic review, two were confounded by concurrent 
interventions: one also reduced total fat and increased complex carbohydrate [8], and the 
other also increased physical activity [9]. To isolate the effect of sugar, future studies should 
focus on a sugar intervention alone. 
 
3.8 Method of Measuring Weight Status 
 
Studies included in the NHMRC systematic review used a great variety of outcome 
measures to follow weight status including: body weight, body mass index (BMI), BMI Z-
score, waist and hip circumference, fat mass, percent body fat, and skinfold thicknesses.  
These measures provide different data that are not directly comparable as evidence from 
which to develop practice guidelines.  Ideally, future studies will include multiple measures of 
weight status. 
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3.9 Possible Conflict of Interest Due to Funding Source 
 
A notable finding was that most (80%) of the studies uncovered in the NHMRC systematic 
review were funded or administered by the food industry or organisations with significant 
conflict of interest with sugar-related research. These included: the Sugar Bureau [7], McNeil 
Nutritionals (manufactures Sucralose) [9], Centre d’Etudes et de Documentation du Sucre 
(the French Sugar Institute) [8], and Sugar Netherlands [6]. While association with a food 
company does not necessarily mean that the study is of poor quality [31], checklists 
evaluating study quality will often include a score for the introduction of bias from such 
funding sources [4]. One review has reported that studies funded solely by the food industry 
had significantly higher risk of reporting favourable/neutral rather than unfavourable 
conclusions [11].  There is a need for future studies to be conducted independently from 
organisations with potential conflict of interest. 
 
3.10 Recent Published Studies 
 
Since the NHMRC systematic review was undertaken, a review and meta-analysis that 
specifically examines the effect of fructose on body weight has been published [32]. This 
reported that although high consumption of fructose added to daily intake increased body 
weight, fructose had no overall effect when provided in isocaloric interventions. Similar 
findings were reported in the recent World Health Organization/Food and Agricultural 
Organization systematic review and meta-analysis examining dietary sugars and body 
weight [33]. Consistent with our findings, most trials reviewed in these two recent 
publications had methodological limitations including short duration and poor study quality.  
 
4. CONCLUSIONS 
 
In conclusion, while the NHMRC systematic review was conducted thoroughly and 
appropriately, several methodological issues were uncovered in the primary studies included 
in the report.  It was not possible to develop a dietary guideline because of the overall weak 
evidence in this area.  When designing sugar intervention studies, it is important to 
distinguish between natural versus added sugars, and glucose versus fructose in both 
isocaloric and hypercaloric trials.  To improve the evidence base and enable a higher quality 
level to be applied by systematic review teams, factors such as potential bias due to funding 
bodies with a conflict of interest, short study duration, insufficient consideration of differences 
in energy intakes, poor estimation of sugar intake, and concurrent interventions that 
confound the effect of sugar all need to be addressed.  High quality, well-controlled studies 
in this area are urgently needed to provide an improved evidence base for public health 
messages regarding sugar consumption and risk of weight gain. 
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