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Sugars



World Health Organization (WHO) Sugars Classification

• Monosaccharides and disaccharides =

fructose, galactose, glucose/dextrose, lactose, maltose sucrose

• Total sugars = 

naturally occurring in food (e.g., fruit and milk) + added sugars

• Added sugars = 

added during processing and food preparation by food manufacturers, cooks or 
consumers

• Free sugars = 

added sugars + honey + syrups (agave, maple, rice, etc…) + fruit 
juice/concentrates

Guideline: Sugars intake for adults and children. World Health Organization, 2015
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2015 WHO Guideline: 

Sugars intake for adults and children.

Recommendations: 

• In both adults and children, WHO recommends reducing the intake 
of free sugars to less than 10% of total energy intake (strong 
recommendation).

• WHO suggests a further reduction of the intake of free sugars to 
below 5% of total energy intake (conditional recommendation).

Guideline: Sugars intake for adults and children. Geneva: World Health Organization; 2015.



Association between free / added sugars intake and mortality

• Prospective cohort studies of ~50,000 

middle aged (36-73 years) Swedes 

with ~ 20 years of follow-up time.

• 9,190 deaths.

• lowest mortality with added sugar 

intakes 7.5% - 10%E.

• Intakes >20%E were associated with 

a 30% increased mortality risk.

• Intakes <5%E had a 23% increase in 

risk.

Ramne et al; AJCN, 2019.



Do sugars cause weight gain in 

humans?



Te Morenga et al. BMJ 2013.

• SLR and meta-analysis of 30 RCTs and 38 cohort studies.

•  intake of dietary sugars was associated with  body weight (0.80 

kg, 95% confidence interval 0.39 to 1.21; P<0.001) in adults;  

•  sugars intake was associated  weight (0.75 kg, 0.30 to 1.19; 

P=0.001) in adults. 

• No association between advice to reduce intake of dietary sugars and 

change in standardised BMI or BMI z score in children (0.09, 95%CI 

−0.14 to 0.32).

• Isoenergetic exchange of dietary sugars with other carbohydrates (e.g., 

starches) showed no change in body weight (0.04 kg, −0.04 to 0.13).

2013 WHO review of sugars and overweight/obesity



2013 WHO review of sugars and overweight/obesity

Te Morenga et al. BMJ 2013.

“The data suggest that the change in body fatness that occurs 

with modifying intake of sugars results from an alteration in 

energy balance rather than a physiological or metabolic 

consequence of monosaccharides or disaccharides.”

“Owing to the multifactorial causes of obesity, it is 

unsurprising that the effect of reducing intake is relatively 

small.”



How much “sugar” are we 

consuming?



Macronutrient consumption in Australia 1995–2011/2

ABS. National Nutrition Survey. Com of Aust, 1998; ABS. Australian survey. Com of Aust, 2014.

~14,000 people 

61% response rate

24 h recall

~12,000 people 

77% response rate

24 h recall



Aren’t we all having too much sugar?



Free sugars intake (%E)

ABS. Australian Health Survey: Consumption of Added Sugars. Com of Aust, 2017. 



Intense (“Artificial”) sweeteners



Intense sweeteners = non-nutritive / “Artificial” sweeteners

• Zero- or low-kilojoule alternatives to free and added sugars, such as table 

sugar, honey and syrups. 

• 100s of times sweeter than sucrose, so only small amounts are used in 

foods and beverages. 

• FSANZ has approved the use of: alitame, acesulfame potassium (Ace K), 

aspartame, advantame, cyclamate, neotame, saccharin, steviol 

glycosides (“stevia”), sucralose, luo han guo (monk fruit) and 

thaumatin.

• Labelled low-calorie, low-kilojoule, non-caloric, non-nutritive, and diet.

http://www.foodstandards.gov.au/consumer/additives/intensesweetener/pages/default.aspx.
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Aspartame

• Composed of two common amino acids: 

aspartic acid and phenylalanine.

• Produced via bacterial fermentation 

(B thermoproteolyticus) or through a chemical 

process.

•After swallowing, aspartame is rapidly (within 

a few minutes) and fully broken-down within the 

gastro-intestinal tract and is not detectable in 

blood. 

• Methanol (10%) and the amino acids aspartic 

acid (45%) and phenylalanine (45%) are 

absorbed into the blood.



Saccharin

• Saccharin was discovered serendipitously by chemists in 1878.

• Usage peaked in World War 1 and II

• It is a coal tar derivative.

• Saccharin, and its salts ammonium saccharin, calcium saccharin, 

potassium saccharin and sodium saccharin have been used as 

sweetening agents in a selected range of foods and beverages for > 130 

years. 



“Stevia”

• Diterpenoids are a group of naturally occurring compounds, 

commonly found in plants - in particular vegetables, fruits, tea, and 

wine. 

• Steviol glycosides, a family of diterpenoids (11 varieties identified to-

date), are derived from the South American plant Stevia rebaudiana 

Bertoni, and are commonly known as “Stevia” around the globe.

• For human consumption, they are extracted from the Stevia 

rebaudiana Bertoni plant to 95%+ purity using a standardised process. 



EFSA Journal 2010;8(4):1537.

Stevia ≈ Steviol glycosides



Sucralose

• Is a disaccharide made from sucrose.

• In a 5-step process, 3 of sucrose’s hydroxyl groups are replaced with 

3 atoms of chlorine. 



Are intense sweeteners safe?



• The ADI for humans is considered to be a level of intake of a substance 

that can be consumed daily over an entire lifetime without any 

appreciable risk to health.

• Calculated by dividing the overall No Observable Adverse Effect Level 

(NOEL) from animal studies by a safety factor (typically 100). 

• The magnitude of the safety factor is selected to account for uncertainties 

in extrapolation of animal data to humans, variation between people, the 

completeness of the toxicological data base and the nature of any potential 

adverse effects.

Acceptable daily intake (ADI)

Australian Government Department of Health, Canberra, 2015.



Aspartame

• European Food Safety Authority (EFSA) reviewed all toxicological, 

carcinogenicity, teratogenicity and developmental data on aspartame 

and its metabolites in in vitro studies, animals and humans in 2013. 

• In rat studies, the highest doses tested (4000 or 8000 mg aspartame/kg 

bw/day) produced minor renal changes, considered to be of minimal 

toxicological significance. 

•A dose-dependent depression of body weight gain at 2000 and 4000 

mg/kg bw/day correlating with decreased feed consumption was 

reported in one study.

EFSA Journal 2013;11(12):3496.



Aspartame

• Overall, the Panel derived a No Observable Adverse Effect Level 

(NOEL) of 4000 mg/kg bw/day from the four studies.

• In 1983, the United States Food and Drug Administration (FDA) set 

the ADI for aspartame at 50 mg/kg bw.

• In Australia, FSANZ established an ADI of 40 mg/kg bw/day.

•A 60 kg Australian would need to consume 60 sachets of a typical 

aspartame sweetener per day to exceed this.



• The Joint FAO/WHO Expert Committee on Food Additives (JECFA) 

established an Acceptable Daily Intake of 5 mg/kg body weight/day.

• It was based on a 2 generation feeding study in rats, where they were fed 

the equivalent of 500 mg of saccharin per kg of body weight per day, and the 

application of a 100-fold uncertainty factor.

• A 60 kg Australian would need to consume 45 sachets of a typical 

saccharin sweetener per day to exceed this. 

ADI for saccharin

JECFA, Series 32, WHO, 1993..



• EFSA considered all the data on stability, degradation products, metabolism 

and toxicology for steviol glycosides and established an Acceptable Daily 

Intake, expressed as steviol equivalents, of 4 mg/kg body weight/day.

• It was based on application of a 100-fold uncertainty factor to the NOEL for 

stevioside of 967 mg stevioside/kg bw/day (corresponding to approximately 

388 mg steviol equivalents/kg bw/day) from a 2-year carcinogenicity study in 

rats.

• A 60 kg Australian would need to consume 9 sachets of a typical stevia 

sweetener per day to exceed this.

ADI for steviol glycosides

EFSA Journal 2010;8(4):1537.



• EFSA established an Acceptable Daily Intake of 15 mg/kg body 

weight/day.

• US FDA 5 mg / kg bw / day.

• EFSA was based on the NOEL of 1500 mg / kg bw / day from a long-term 

study in rats, which had included in utero exposure, and a safety factor of 

100.

• A 60 kg Australian would need to consume 69 sachets of sucralose per day 

to exceed this.

ADI for sucralose

EC.SCF, 2000.



How much are we consuming?



Food Standards Australia New Zealand, 2004. 

• 1994: 51% 

• 2003: 66%

FSANZ non-nutritive sweetener surveys: 1994 and 2003

Food/Drink 1994 2003

Soft drinks (mL) Diet 58 81

Regular 257 249

Cordials (mL) Diet 12 31

Regular 162 151

Flavoured milks (mL) Diet 4 10

Regular 13 19

TT sweetener (g) Diet 0.3 1

Regular 9 13

Yoghurt/mousse (g) Diet 4 10

Regular 13 19

Jellies/puddings (g) Diet 0.4 1

Regular 4 2

Jams (g) Diet 0.1 0.3

Regular 3 2

Intense sweetener consumption in Australia 



Food Standards Australia New Zealand, 2004. 

• 1994: 182 mg / day, or 2.4 mg / kg body weight / day.

• 2003: 187 mg / day, or 2.6 mg / kg body weight / day, which was 7% of 

the ADI.

• The 95th Centile of intake in 2003 was 628 mg / day, or 7.5 mg / kg body 

weight / day, which was ~20% of the ADI.

• In 2003, 96% of people with diabetes consumed aspartame, with mean 

intake for consumers 2.31 mg / kg body weight / day and the 95th Centile 

7.47 mg / kg body weight / day.

Aspartame consumption in Australia



• In 1994, people aged 12-39 years consumed 31 mg saccharin / day

• In 2003, they consumed 25 mg / day.

•Average intake of consumers in 2003 was 33 mg / day, or 0.53 mg / kg 

body weight / day, which was ~11% of the ADI.

• The 95th Centile of intake in 2003 was 168 mg / day, or 2.54 mg / kg 

body weight / day, which was ~50% of the ADI.

Saccharin consumption in Australia

Food Standards Australia New Zealand, 2004. 



Food Standards Australia New Zealand, Application A540, 2008. 

• Steviol glycosides (95%+ Stevioside and Reb A) approved by FSANZ for 

use in foods and beverages in 2008.

• No data on actual consumption of “stevia” currently available.

• FSANZ conducted extensive modelling using DIAMOND for 2 scenarios 

prior to its approval:

- 100% replacement of added sugars, and

- 30% replacement of added sugars.

Steviol consumption estimates



Australia and NZ steviol consumption estimates

Food Standards Australia New Zealand, Application A540, 2008. 



• No data are available for 1994

• In 2003, Australians consumed an average of 11 mg / day.

•Average intake of consumers in 2003 was 29 mg / day, or 0.45 mg / kg 

body weight / day, which was 3% of the ADI.

• The 95th Centile of intake of consumers was 188 mg / day, or 2.44 mg / 

kg body weight / day, which was 16% of the ADI.

Sucralose consumption in Australia

Food Standards Australia New Zealand, 2004. 



Intense sweeteners and health



Intense sweeteners and weight



“Artificial sweeteners are just as bad as sugar”

Rogers. Proc Nutr Soc. 2017; Mattes and Popkin. AJCN. 2009

• Three theories that intense sweeteners (IS) undermine weight 

management: 

(1) IS disrupt the learned control of energy intake (sweet taste 

confusion hypothesis); 

(2) exposure to sweetness increases desire for sweetness (sweet tooth 

hypothesis); 

(3) consumers might consciously overcompensate for 'calories saved' 

when they know they are consuming IS (conscious 

overcompensation hypothesis). 

• None of these claims stands up to close scientific examination.



IS and overweight/obesity

• In 15 randomised controlled trials in humans (4 – 65 y/o) where 

aspartame (9 studies) and other non-nutritively sweetened foods and 

beverages are consumed instead of added sugar in studies of 3 – 78 weeks 

duration.

• Body weight (-0.80 kg), body mass index (-0.24 kg/m2), fat mass (-1.10 

kg), and waist circumference (-0.83 cm) all decreased.

•Among 9 prospective cohort studies, IS intake was not associated with 

body weight or fat mass, but was significantly associated with slightly 

higher BMI (0.03 kg/m2).

Miller and Perez. AJCN, 2014.



IS and overweight/obesity
•An SLR and MA of studies in animals and humans consuming IS with ad 

libitum access to food energy.

• Twelve prospective cohort studies in humans reported no association 

between IS use and body mass index (−0.002 kg/m2 per year, 95%CI 

−0.009 to 0.005). 

Rogers et al. IJO, 2016. .



IS and overweight/obesity

•An SLR and MA of cohort studies (prospective and retrospective, cross-

sectional and case-control) and clinical trials (randomised and non-

randomised) in humans.

• 56 studies: 35 observational studies

• IS substitution (instead of added sugars) decreased energy intake in 4 

RCTs by 1,065 kJ/day.

• In adults, IS substitution reduced BMI by 0.6 kg/m2. 

• In children, IS substitution reduced BMI z-score by 0.15 kg/m2. 

• No other significant effects. 

Toews et al. BMJ, 2019. .



Aspartame and weight gain

Higgins et al. Journal of Nutrition, 2018..

• RCT in adults (18 – 60 years) consuming 0, 350 (1 can diet soft drink), or 

1050 mg (95th Centile in USA) aspartame/day in a beverage for 12 weeks.

• Compliance with the beverage intervention was ∼95%.

• There were no effects of 

aspartame ingestion on 

appetite (hunger, fullness, 

desire to eat/drink), body 

weight, or body composition

(fat mass or fat-free mass).



Intense sweeteners and diabetes



Intense sweeteners and blood glucose levels

Nichol et al. EJCN, 2018..

• Systematic review and meta-analysis of 29 RCTs including 741 normal 

weight, overweight and obese participants (9 – 69 years), with (69 people) 

and without, diabetes.

• Included aspartame (280 people), saccharin (214), stevia (105) and 

sucralose (142). 

• IS consumption was not found to increase blood glucose levels -

concentration gradually declined over the course of observation following 

consumption. 

• The glycemic impact of IS did not differ by type of sweetener. 



Soft drinks and risk of type 2 diabetes

Greenwood et al. BJN, 2014; Lean and Te Morenga. Br Med Bull, 2016..

• Systematic review and meta-analysis of over 280,000 participants and 

22,000 cases of type 2 diabetes in prospective cohort studies.

• For every 330 mL of sugar sweetened soft drink consumed there was a 

20% increase in risk. 

• For every 330 mL of intensely sweetened soft drink consumed there 

was a 13% increase in risk.

• May simply be guilt by association…





Intense sweeteners and dental health



Intense sweeteners and dental health

• In their pure form, intense sweeteners do not provide available 

carbohydrate for bacterial fermentation. 

• When not combined with cariogenic fillers (i.e., maltodextrins or 

lactose), intense sweeteners do not adversely affect oral pH, and they 

reduce the number of cariogenic bacteria in the mouth. 



Intense sweeteners and the 

microbiome



Aspartame and the microbiome

•Aspartame is completely and rapidly digested to aspartic acid, 

phenylalanine and methanol in the duodenum, and absorbed into the 

blood, it is not likely that it will adversely affect the microbiome.

• Limited studies in humans (cross-sectional analysis of 31 adult 

aspartame consumers) support this.

Frankenfeld et al. Ann Epi, 2015.



Saccharin, microbiome and glucose tolerance

•A collection of studies on mice (primarily) and humans.

• 10 and 20 mice fed a normal or high fat diet and saccharin/blend

(95% glucose) at the ADI for 5 and 11 weeks, respectively, developed 

impaired glucose tolerance. 

• Mice drinking saccharin had a distinct microbiota composition that 

clustered separately from both their starting microbiome configurations 

and from all control groups at week 11.

•Authors concluded: “…these results demonstrate that saccharin 

consumption in various formulations, doses and diets induces 

dysbiosis…”

Suez et al. Nature, 2014.



Saccharin, microbiome and glucose tolerance

•A “long term” observational study of 381 people and a small (n=7) 

feeding trial (saccharin at ADI) of 1 week duration. 

• In the observational study, NNS consumers increased weight and 

waist-to-hip ratio; had higher fasting blood glucose, HbA1C and 

glucose tolerance test results and elevated serum ALT.

• In the trial, 4 out of 7 developed poorer glycemic response and had 

evidence of dysbiosis. 

• Both human studies small for their type, validity of FFQ unknown 

for the observational study and the trial was uncontrolled and not 

blinded.

• More research required.

Suez et al. Nature, 2014.



Sucralose and the microbiome

• Splenda® was administered by oral gavage to male rats at 100, 300, 

500, or 1000 mg/kg for 12-weeks.

• Equivalent to a dose of sucralose between 1.1 and 11 mg / kg /day. 

• Faecal samples were collected weekly for bacterial analysis.

• Half the were allowed to recover for an additional 12-wk, and further 

assessments of faecal microflora.

Abou-Donia et al. , J Toxicol Environ Health A, 2008.



Sucralose and the microbiome

• Numbers of total anaerobes, bifidobacteria, lactobacilli, Bacteroides, 

clostridia, and total aerobic bacteria were significantly decreased.

• There was no significant treatment effect on enterobacteria, however.

• Following the 12-wk recovery period, only the total anaerobes and 

bifidobacteria remained significantly depressed, whereas pH values 

remained elevated. 

• Methodological weaknesses include lack of a control group and use 

of wet faecal samples, and its important to note that a dose response 

was not observed.

Abou-Donia et al. , J Toxicol Environ Health A, 2008.



Substitute free sugars with intense 

sweeteners in order to meet WHO 

guidelines



Substitute intense sweeteners for free sugars to meet 

WHO guidelines 

Energy  = 675 kJ
Free sugars = 40 g

Energy  = 6 kJ
Free sugars = 0 g



Energy  = 144 kJ
Free sugars = 9 g

Energy  = 15 kJ
Free sugars = 0.1 g

Substitute intense sweeteners for free sugars to meet 

WHO guidelines 



Energy  = 3360 kJ
Free sugars = 210 g

Energy  = 422 kJ
Free sugars = 0.7 g

Substitute intense sweeteners for free sugars to meet 

WHO guidelines 



Barclay, Sandall and Slavin. The Ultimate Guide to Sugars and Sweeteners. The Experiment, 2014.



Barclay, Sandall and Slavin. The Ultimate Guide to Sugars and Sweeteners. The Experiment, 2014.



Intense sweeteners summary



• To consume 5-10% of energy from free sugars, Australians can swap 

intensely sweetened foods and beverages for their regular nutritively-

sweetened counterparts, minimising dietary disruption and aiding 

long-term dietary adherence.

•A variety of intense sweeteners have been evaluated and approved for 

use in Australian foods and beverages, with aspartame, saccharin, 

steviols and sucralose being the most popular variants at present. 

• Independent Food Regulatory Agencies around the globe have 

reviewed these intense sweeteners and have determined them to be 

safe provided they are consumed in amounts less than their respective 

ADIs.



• Dietary surveys indicate that average consumption of these IS in 

Australia is ≤ 11% of the ADI.

• When substituted for nutritively sweetened counter-parts, there is 

level 1 evidence that IS help people lose weight in the medium-term, 

but there are no long-term RCTs.

• SLRs and MAs of long-term observational studies demonstrate no 

association between IS use and weight.

• There is no evidence when consumed in amounts < ADI that ISs 

adversely affect glucose homeostasis in the short-medium term.

• There is emerging evidence that saccharin and sucralose may 

adversely affect the microbiome, but more research is needed.



Intense sweeteners conclusions



• The common belief among both consumers and health 

professionals that “artificial” sweeteners are no better than the 

sugars that they are replacing is not based on high-level evidence 

from randomised controlled trials in humans.

• Intense sweeteners - particularly aspartame and “stevia” – are 

both safe and effective substitutes for added sugars in foods and 

beverages.

• Individuals can use intensely sweetened tabletop sweeteners 

instead of table sugars, syrups, honey, etc...

• Most (not all) can also be used in recipes.
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