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Abstract: Non-nutritive sweeteners (NNS) are used in the food supply to replace sugar and/or to
reduce dietary energy intake. The aim of this research was to assess the consumption prevalence and
food sources of NNS in the Australian population. Food group and nutrient intakes were assessed to
compare diet quality of NNS consumers and non-consumers. Secondary analysis of the Australian
National Nutrition and Physical Activity Survey, 2011/12 was conducted (n = 12,435) after identifying
all NNS products consumed in the population. The proportion of participants that reported intake
of NNS per day was 18.2% for adults (19+ years), and 8.5% for children (2–18 years), with the most
common food sources being carbonated soft drinks, tabletop sweeteners, and yoghurt. Characteristics
associated with NNS consumption in adults included being female, higher body mass index (BMI),
self-reported diabetes status, and being on a weight-loss diet. For adults, NNS consumers had
lower free sugar intake but energy intake did not differ from non-consumers. However, for children,
no differences in free sugar or energy intake were observed between consumers and non-consumers.
While these results support the use of NNS in reducing sugar intake, these data suggest compensatory
increases in energy intake may occur.

Keywords: intense sweeteners; artificial sweeteners; sweetening agents; sweetened beverages; diet quality;
nutrition; diabetes; obesity

1. Introduction

Non-nutritive sweeteners (NNS) are energy-free or very low energy alternatives to sugar and
other nutritive sweeteners, and are often marketed as ‘diet’, ‘sugar-free’, ‘no sugar’, or ‘reduced
sugar’. In Australia, sweeteners are classified as food additives and the declaration of any sweeteners
used in the ingredient list is mandatory [1]. Common NNS include saccharin, cyclamate, aspartame,
acesulphame K, sucralose, alitame, neotame, and stevia [2]. NNS offer much higher intensity of
sweetness per unit weight than sucrose and can be found in a wide range of food and beverage
products such as yoghurt, jam, chewing gum, cordials, and soft drinks. They are also sold as tabletop
sweeteners, which can be added to tea, coffee, or used in baking recipes to replace sugar.

When NNS were first introduced, they were believed to be beneficial to reduce sugar and
energy intake for weight management [3–5], but study findings on their efficacy are inconsistent [6–9].
Adverse health effects of NNS consumption have been suggested, primarily based on animal
studies [10–12] and observational studies [13,14] which have raised public awareness and negative
perception towards NNS, potentially influencing their consumption.

Sylvetsky et al. examined the consumption prevalence of NNS in the United States (US)
and observed an increasing trend in both adults and children between 1999 and 2008 [15].
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NNS consumption prevalence in the US population was found to be higher in females, the obese,
non-Hispanic whites, and those with higher incomes [16]. In Australia and New Zealand, a survey
of apparent high NNS consumers was undertaken in 2003 and determined that the current level of
NNS consumption was below the acceptable daily intake (ADI) [17]. However, the analyses did not
investigate the overall and population-specific consumption prevalence of NNS [17]. No other studies
have evaluated NNS consumption in Australia for the past 15 years. Therefore, the aim of this study
was to: (1) investigate the consumption prevalence of NNS in Australia and the current consumption
pattern of NNS across different population subgroups; (2) identify the major dietary sources of NNS;
and (3) determine differences in diet quality between NNS consumers and non-consumers.

2. Materials and Methods

2.1. Data Collection

This study used dietary and physical activity data from the National Nutrition and Physical
Activity Survey (NNPAS), 2011–12, a cross-sectional study involving 12,153 participants aged 2 years
or above in Australia. The dietary component involved two 24-h recalls of all foods and beverages
consumed on the day before the interview, adopting the Automated Multiple-Pass Method developed
by the United States Department of Agriculture. The first recall was face-to-face (n = 12,153), and the
second recall (n = 7735) was conducted over the phone at least 8 days after the first recall. Children
aged 2–4 years were interviewed by proxy, and recalls for 5–11 year-old children were conducted with
assistance from their parents or guardians. The detailed descriptions of the survey, conducted by the
Australian Bureau of Statistics (ABS), including data collecting and processing procedures are available
from the Users’ Guide [18].

2.2. Coding

Foods or beverages containing NNS or reported as an ingredient (for example intense sweetening
agents used to sweeten foods or beverages) were identified using the Food Details File of AUSNUT
2011-13 [19,20]. This file provides descriptive information of 5740 food and beverage items reported in
the NNPAS 2011-12. The search terms diet, intense sweeten(ed), artificial sweeten(ed), non-nutritive
sweeten(ed), reduced sugar, sweetener, stevia, sucralose, acesulfame K, aspartame, saccharin, neotame,
cyclamate, alitame, low energy, no sugar, and sugar-free were used to identify food items containing
NNS. The description of some food types such as meal replacements, protein drinks, protein powder,
and other sports supplements was unclear regarding the presence of NNS. For these food types,
the ingredient lists of the most common brands were examined to determine the presence or absence of
NNS. All NNS-containing items were coded and merged with the NNPAS 2011-12 dataset to identify
participants who reported NNS consumption.

2.3. Statistical Analysis

The prevalence of NNS consumption per day was determined by the proportion of participants
who reported consuming at least one NNS-containing food or beverage in the first 24-h recall.
Characteristics associated with NNS consumption were determined for children (aged 2–18 years) and
adults (aged 19 years and over) using chi-squared tests. Demographic and health-related characteristics
analyzed included gender, age, country of birth, socioeconomic status (SES), body mass index (BMI),
physical activity level, and energy reporting status for children and adults, and education level,
diabetes status, smoking status, and weight loss diet adoption for adults only. Socio-Economic
Indexes for Areas (SEIFA) quintiles were used to indicate SES (quintile 1 as low, quintiles 2–4 medium,
and quintile 5 high) [18]. Energy reporting status was determined using the ratio of energy intake
(EI) to basal metabolic rate (BMR). Participants with EI:BMR less than 0.87 or more than 2.67 were
classified as low energy reporters and high energy reporters, respectively.
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The major dietary sources of NNS were identified by comparing the proportions of the population
consuming different types of NNS-containing food and beverage items. Participants who reported
consumption of NNS-containing items in at least one of the two recalls were classified as consumers
and the rest were classified as non-consumers. The potential effects of NNS consumption on diet quality
were investigated by comparing the mean intake of energy, 10 nutrients (carbohydrates, total sugar,
free sugar, total fat, saturated fat, monounsaturated fatty acids, polyunsaturated fatty acids, protein,
sodium, and dietary fibre) and 6 food groups (grains, meat and alternatives, dairy and alternatives,
fruits, vegetables, and discretionary foods) of consumers and non-consumers using independent t-tests.
Data were weighted to be representative of the national population aged 2 years and over. IBM SPSS
Statistics for Windows (Version 25.0) was employed for all statistical analyses. A p-value was set at
<0.001 because of the large number of analyses undertaken.

3. Results

A total of 122 out of 5740 food items in the AUSNUT2013 database were identified as
NNS-containing foods. The prevalence of NNS consumption across different population subgroups is
shown in Table 1 (children) and Table 2 (adults). Overall, 8.5% of children and 18.2% of adults reported
NNS consumption in the first 24-h recall.

3.1. Population Subgroups Comparisons

For children, the consumption prevalence increased with age (Table 1). Children born in
English-speaking countries other than Australia were higher consumers than those born in Australia
and other countries.

Table 1. Prevalence of non-nutritive sweetener consumption per day of Australian children aged
2–18 years.

Characteristics Prevalence (%) p-Value

All 8.5 -
Age (years)

2–3 (n = 464) 4.8 <0.0001 *
4–8 (n = 789) 4.9
9–13 (n = 787) 9.7
14–18 (n = 772) 11.4

Gender
Male (n = 1420) 8.0 0.3105
Female (n = 1392) 9.0

Socioeconomic status
Low (n = 478) 6.0 0.0773
Medium (n = 1626) 9.3
High (n = 708) 8.4

Country of birth
Australia (n = 2530) 7.9 <0.0001 *
Other English-speaking countries (n = 123) 20.8
Other (n = 159) 8.8

Body mass index (BMI) status
Underweight (n = 123) 9.9 0.0231
Normal (n = 1595) 7.5
Overweight (n = 427) 11.3
Obese (n = 158) 12.3

Physical activity
Meets recommendations (n = 1195) 7.9 0.6567
Does not meet recommendations (n = 1617) 7.4

Energy reporting status
Low (n = 261) 14.8 0.0005
Plausible (n = 1956) 8.1
High (n = 101) 4.8

* Significant difference (p < 0.001) analyzed using X2 test.
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For adults, consumption of NNS was higher in females than males, and for those born in Australia
and other English-speaking countries (Table 2). The prevalence was higher with increasing BMI,
for participants with self-reported diabetes, and for those on a weight-loss diet. In addition, low energy
reporters were more likely to consume NNS than plausible reporters and high energy reporters.

Table 2. Prevalence of non-nutritive sweetener consumption per day of Australian adults aged 19 years
and over.

Characteristics Prevalence (%) p-Value

All 18.2 -
Age (years)

19–30 (n = 1592) 16.0 0.0178
31–50 (n = 3565) 18.5
51–70 (n = 2906) 19.4
71 and over (n = 1278) 19.0

Gender
Male (n = 4282) 16.8 <0.0003 *
Female (n = 5059) 19.7

Socioeconomic status
Low (n = 1760) 19.4 0.3347
Medium (n = 5547) 18.1
High (n = 2134) 17.6

Education
High school or less (n = 3636) 18.3 0.0854
Vocational college (n = 2193) 18.0
University (n = 3369) 18.6

Country of birth
Australia (n = 6627) 20.2 <0.0001 *
Other English-speaking countries (n = 1152) 17.6
Other (n = 1562) 11.9

BMI status
Underweight (n = 116) 7.2 <0.0001 *
Normal (n = 2678) 12.6
Overweight (n = 2883) 18.9
Obese (n = 2196) 25.7

Physical activity
Meets recommendations (n = 4593) 19.1 0.0423
Does not meet recommendations (n = 4678) 17.4

Self-reported diabetes
Yes (n = 640) 38.4 <0.0001 *
No (n = 8701) 17.0

Weight-loss diet
Yes (n = 615) 35.1 <0.0001 *
No (n = 8726) 17.0

Smoking
Yes (n = 1769) 17.3 0.2846
No (n = 7572) 18.4

Energy reporting status
Low (n = 1587) 24.0 <0.0001 *
Plausible (n = 6200) 17.3
High (n = 137) 10.3

* Significant difference (p < 0.001) analyzed using X2 test.

3.2. Major Dietary Sources of NNS

The most popular dietary sources of NNS for children were carbonated soft drinks and flavored
mineral waters (48.2% of NNS consumers), followed by yoghurt (21.5%), and other beverages (18.7%)
such as cordials and electrolyte drinks (Figure 1).
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Figure 1. Dietary sources of non-nutritive sweeteners (NNS) among children NNS consumers.

For adults, the top dietary sources of NNS were carbonated soft drinks and flavoured mineral
waters (50.6% of NNS consumers), followed by intense sweetening agents (25.9%), and yoghurt (12.5%)
(Figure 2).
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Figure 2. Dietary sources of NNS among adult NNS consumers.

3.3. Food and Nutrient Intakes

For children, male consumers reported higher intakes of protein, meat and alternatives, and dairy
and alternatives (Table 3). No significant differences in either nutrient or food group intakes were
observed between female consumers and non-consumers.

For adults, the free sugar intake was significantly lower and the intakes of protein and sodium
higher for male consumers of NNS (Table 4). Similarly, significantly lower intakes of free sugar
and significantly higher protein intake were observed among adult female consumers in addition to
lower carbohydrate intake. In terms of food groups, significantly higher intake of dairy products and
alternatives was observed in both male and female adult consumers.
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Table 3. Dietary intake of children (aged 2–18) non-nutritive sweeteners (NNS) consumers
and non-consumers.

Male Female

C NC p-value C NC p-value

Dietary component
Energy (kJ) 8300 8578 0.3117 7404 7212 0.3896

Nutrients
Carbohydrates (%E) 48.1 50.1 0.0045 50.6 49.9 0.2880
Total Sugars (%E) 21.2 22.7 0.0276 24.4 23.0 0.0387
Free Sugar (%E) 11.3 13.2 0.0048 13.4 12.7 0.3064
Total Fat (%E) 30.9 31.0 0.9586 30.7 31.2 0.4039
Saturated Fat (%E) 13.5 13.7 0.6564 13.8 13.6 0.5630
MUFA (%E) 11.5 11.3 0.5186 10.9 11.4 0.0970
PUFA (%E) 4.1 4.1 0.8603 4.0 4.2 0.1458
Protein (%E) 18.1 16.1 <0.0001 * 15.7 16.1 0.3869
Sodium (mg) 2479 2489 0.8964 2002 2038 0.5795
Fibre (%E) 2.0 2.0 0.3230 2.0 2.1 0.1348

Food Groups
Discretionary Foods (%E) 32.7 37.0 0.0132 36.9 36.1 0.6092
Grains and Cereals (serves) 4.8 4.8 0.8514 3.9 3.9 0.6923
Meat & Alternatives (serves) 1.6 1.2 <0.0001 * 0.9 1.0 0.3615
Dairy & alternatives (serves) 2.1 1.6 0.0001 * 1.5 1.4 0.3213
Fruit (serves) 1.5 1.8 0.1438 1.8 1.6 0.2588
Vegetables (serves) 1.7 1.9 0.2168 1.3 1.6 0.0195

* Significant difference (p < 0.001) analyzed using independent t-tests. C; consumers; NC; non-consumers;
%E; percentage energy; MUFA; monounsaturated fats; PUFA; poly-unsaturated fats.

Table 4. Dietary intake of adults (aged 19 years and over) NNS consumers and non-consumers.

Male Female

C NC p-value C NC p-value

Dietary component
Energy (kJ) 9665 9863 0.1573 7238 7408 0.0684

Nutrients
Carbohydrates (%E) 42.8 43.4 0.1154 42.3 43.8 <0.0001 *
Total Sugars (%E) 18.1 18.7 0.0789 19.2 19.9 0.0209
Free Sugar (%E) 9.2 10.7 <0.0001 * 9.2 10.3 <0.0001 *
Total Fat (%E) 30.5 30.3 0.5978 31.1 31.3 0.4329
Saturated Fat (%E) 11.9 12.0 0.4937 11.9 12.2 0.1099
MUFA (%E) 11.8 11.6 0.2112 11.9 11.9 0.8910
PUFA (%E) 4.7 4.6 0.1968 5.0 5.0 0.5831
Protein (%E) 19.5 17.9 <0.0001 * 19.9 18.1 <0.0001 *
Sodium (mg) 2838 2677 0.0005 * 2112 2062 0.0979
Fibre (%E) 2.2 2.1 0.2967 2.3 2.4 0.0613

Food Groups
Discretionary Foods (%E) 33.7 34.4 0.307 30.4 30.6 0.8011
Grains and Cereals (serves) 5.0 5.2 0.0912 3.7 3.9 0.0011
Meat and Alternatives (serves) 2.2 2.1 0.3305 1.7 1.6 0.0139
Dairy and alternatives (serves) 1.7 1.4 <0.0001 * 1.5 1.3 <0.0001 *
Fruit (serves) 1.7 1.5 0.0496 1.4 1.5 0.0474
Vegetables (serves) 2.9 3.2 0.0013 2.8 3.0 0.0034

* Significant difference (p < 0.001) analyzed using independent t-tests. C; consumers; NC; non-consumers;
%E; percentage energy; MUFA; monounsaturated fats; PUFA; poly-unsaturated fats.

4. Discussion

The results of the present study showed that the consumption of NNS was about twice as prevalent
in Australian adults (18.2%) than in children (8.5%). In children, NNS consumption prevalence
increased with age. This increasing trend continued over the entire lifespan, reaching a prevalence of
1 in 5 adults consuming NNS. Other characteristics associated with NNS consumption included being
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female, higher BMI, self-reported diabetes status, being on a weight-loss diet. Carbonated soft drinks,
yoghurt, and intense sweetening agents were the main dietary sources of NNS in the Australian diet.
NNS consumers reported similar energy intakes compared with non-consumers but adult consumers
had lower intakes of free sugars than non-consumers.

Similar trends across age, gender, and BMI status have been reported in the US by
Sylvetsky et al. [16]. No association was observed in the present study with socioeconomic status or
education, unlike in the US [21]. Consumption of NNS is seen as an effective way to limit sugar and
energy intake, which is reflected in higher consumption patterns in females, with older age, higher BMI,
and for those on weight-loss diets in adults [22]. Concern with body image and diet quality may be
underlying factors for the higher consumption of NNS among adolescents and (female) adults [23–25].
The higher consumption of NNS among people with diabetes was expected, in order to manage blood
glucose levels. As many as 96% of patients with diabetes surveyed in Mexico used NNS [26].

Our results indicated that beverages were the main dietary contributors of NNS for children and
adults. The most frequently consumed NNS-containing beverages were carbonated soft drinks and
flavoured mineral water with half of the NNS consumers reporting these on one of the two recall days.
These findings were consistent with the results from a study in the US [23] and a study published by
the Food Standards Australia New Zealand (FSANZ) in 2004 [17], that both identified carbonated soft
drinks as the top NNS contributors. Tabletop sweetening agents were also a major contributor to NNS
consumption among adults but not children. This difference may be explained by the higher intakes of
coffee and tea by adults, with tabletop intense sweetening agents replacing tabletop sugar. In terms of
foods, the most commonly consumed NNS source was yoghurt for both children and adults, and this
may have contributed to the higher intakes of protein from dairy products in NNS consumers.

Although there was no difference in energy intake for adults, there was an observed reduction
in intake of free sugars in NNS consumers compared with non-consumers. This is consistent with
experimental evidence that suggests that NNS consumers may consume more energy in subsequent
meals to compensate for the reduced energy intake [8,27]. However, this tendency was not evident
among children with no significant differences for intakes of total or free sugars between NNS
consumers and non-consumers. At present it is unclear whether NNS can assist in improving glycaemia
or weight management and conversely their use has been implicated in the development of obesity
and metabolic disorders [6,14]. However, the data for these studies are primarily observational
and likely confounded by other factors [6,8,14]. Two recent reviews found positive associations
between body weight and consumption of NNS but conversely found that randomized controlled
trials (RCT) that replaced sugar with NNS led to decreased body weight [5,9]. Observational studies
are subject to reverse causation and may explain the conflicting results between observational and
RCT [22]. Interpreting the evidence base is further complicated as much of the research in NNS
is funded by industry, which has introduced bias that cannot be explained by other sources [28].
Additional long-term, well designed human studies are needed to determine the effects of NNS on
health and wellbeing [5].

Other differences in diet quality were noted between consumers and non-consumers of NNS,
such as higher intakes of protein, meat, and dairy and alternatives, and sodium, and lower intakes
of carbohydrates among some consumer sub-groups. Other population-based studies that have
examined the diet quality of NNS consumers found that diet quality of consumers was higher than
that of non-consumers [25,29]. However, another study that only included obese patients found the
opposite [30]. The results of the present study demonstrate that NNS consumers also misreported
energy intakes, were on a weight-loss diet, or reported a current diagnosis of diabetes mellitus,
and these groups may report higher diet quality [31,32]. The population group chosen for comparison
may explain the conflicting results.

The prevalence of daily NNS consumption in Australia is likely attributed to both public health
campaigns (and national dietary guidelines) emphasizing the importance of limiting free sugar
intake [33] and the frequent introduction of new NNS-containing food and beverages to the market
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during this time [17]. Additionally, a recent increase in the use of Stevia across a broad range of products
in the Australian food supply will likely further change consumption patterns of NNS in the future.
As such, it is expected that NNS consumption will continue to rise in the future. This highlights the
need to continue investigating the potential benefits and/or health consequences of NNS consumption.

5. Limitations

As the dietary data in the present study was collected using self-reported 24-h recalls,
the consumption prevalence is subject to bias [34]. Recall bias may be present because of respondents’
memory lapses or intentionally avoid reporting common NNS sources of other foods assessed in
this analysis [32]. In addition, the daily consumption prevalence of NNS was determined based on
one 24-h recall and therefore may not reflect the usual intake of the participants due to day-to-day
variations [35]. Future studies should consider conducting multiple recalls or assess NNS with food
frequency questionnaires (FFQ) to better capture the consumption prevalence and frequency of intake
of the population.

6. Conclusions

A considerable proportion of the Australian adult population consume NNS, in particular by
those that may be using NNS for weight-loss and control of glycaemia in diabetes mellitus. In adults,
NNS consumers achieved lower free sugar intake, relative to the non-consuming population. However,
there was no significant reduction in total energy intake, implying compensatory increases in energy
intake from other food sources. While these results add to the evidence that NNS may be useful in
decreasing free sugar intake, at present, the benefits of consuming NNS on body-weight and metabolic
health is unclear. Future research to evaluate the effectiveness of NNS and guide its application in
different population groups is required.

Author Contributions: A.R., A.G. and L.G. conceived and designed the study, A.G. and C.O.K. conducted data
analysis, C.O.K. wrote the first draft and all authors edited and approved the final draft.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Food Standards Australia New Zealand. Standard 1.2.4—Information Requirements—Statement of Ingredients;
FSANZ: Canberra, Australia, 2015.

2. Food Standards Australia New Zealand. Schedule 15—Substances that May Be Used as Food Additives; FSANZ:
Canberra, Australia, 2015.

3. Miller, P.E.; Perez, V. Low-calorie sweeteners and body weight and composition: A meta-analysis of
randomized controlled trials and prospective cohort studies. Am. J. Clin. Nutr. 2014, 100, 765–777. [CrossRef]
[PubMed]

4. Peters, J.C.; Beck, J.; Cardel, M.; Wyatt, H.R.; Foster, G.D.; Pan, Z.; Wojtanowski, A.C.; Vander Veur, S.S.;
Herring, S.J.; Brill, C.; et al. The effects of water and non-nutritive sweetened beverages on weight loss and
weight maintenance: A randomized clinical trial. Obesity 2016, 24, 297–304. [CrossRef] [PubMed]

5. Romo-Romo, A.; Aguilar-Salinas, C.A.; Brito-Córdova, G.X.; Gómez Díaz, R.A.; Vilchis Valentín, D.;
Almeda-Valdes, P. Effects of the non-nutritive sweeteners on glucose metabolism and appetite regulating hormones:
Systematic review of observational prospective studies and clinical trials. PLoS ONE 2016, 11, e0161264. [CrossRef]
[PubMed]

6. Karalexi, M.A.; Mitrogiorgou, M.; Georgantzi, G.G.; Papaevangelou, V.; Fessatou, S. Non-nutritive sweeteners
and metabolic health outcomes in children: A systematic review and meta-analysis. J. Pediatr. 2018, 197, 128–133.
[CrossRef] [PubMed]

7. Gardner, C.; Wylie-Rosett, J.; Gidding, S.S.; Steffen, L.M.; Johnson, R.K.; Reader, D.; Lichtenstein, A.H.
Nonnutritive sweeteners: Current use and health perspectives: A scientific statement from the American
heart association and the American diabetes association. Circulation 2012, 126, 509–519. [CrossRef] [PubMed]

http://dx.doi.org/10.3945/ajcn.113.082826
http://www.ncbi.nlm.nih.gov/pubmed/24944060
http://dx.doi.org/10.1002/oby.21327
http://www.ncbi.nlm.nih.gov/pubmed/26708700
http://dx.doi.org/10.1371/journal.pone.0161264
http://www.ncbi.nlm.nih.gov/pubmed/27537496
http://dx.doi.org/10.1016/j.jpeds.2018.01.081
http://www.ncbi.nlm.nih.gov/pubmed/29655865
http://dx.doi.org/10.1161/CIR.0b013e31825c42ee
http://www.ncbi.nlm.nih.gov/pubmed/22777177


Nutrients 2018, 10, 833 9 of 10

8. Rogers, P.; Hogenkamp, P.; De Graaf, C.; Higgs, S.; Lluch, A.; Ness, A.; Penfold, C.; Perry, R.; Putz, P.;
Yeomans, M. Does low-energy sweetener consumption affect energy intake and body weight? A systematic
review, including meta-analyses, of the evidence from human and animal studies. Int. J. Obes. 2016, 40, 381.
[CrossRef] [PubMed]

9. Sylvetsky, A.C.; Rother, K.I. Nonnutritive sweeteners in weight management and chronic disease: A review.
Obesity 2018, 26, 635–640. [CrossRef] [PubMed]

10. Chattopadhyay, S.; Raychaudhuri, U.; Chakraborty, R. Artificial sweeteners—A review. J. Food Sci. Technol.
2014, 51, 611–621. [CrossRef] [PubMed]

11. Whitehouse, C.R.; Boullata, J.; McCauley, L.A. The potential toxicity of artificial sweeteners. AAOHN J. Off. J.
Am. Assoc. Occup. Health Nurses 2008, 56, 251–259. [CrossRef]

12. Fowler, S.P.; Williams, K.; Resendez, R.G.; Hunt, K.J.; Hazuda, H.P.; Stern, M.P. Fueling the obesity epidemic?
Artificially sweetened beverage use and long-term weight gain. Obesity 2008, 16, 1894–1900. [CrossRef]
[PubMed]

13. De Koning, L.; Malik, V.S.; Rimm, E.B.; Willett, W.C.; Hu, F.B. Sugar-sweetened and artificially sweetened
beverage consumption and risk of type 2 diabetes in men. Am. J. Clin. Nutr. 2011, 93, 1321–1327. [CrossRef]
[PubMed]

14. Imamura, F.; O’Connor, L.; Ye, Z.; Mursu, J.; Hayashino, Y.; Bhupathiraju, S.N.; Forouhi, N.G. Consumption of
sugar sweetened beverages, artificially sweetened beverages, and fruit juice and incidence of type 2 diabetes:
Systematic review, meta-analysis, and estimation of population attributable fraction. BMJ 2015, 351, h3576.
[CrossRef] [PubMed]

15. Sylvetsky, A.C.; Welsh, J.A.; Brown, R.J.; Vos, M.B. Low-calorie sweetener consumption is increasing in the
United States. Am. J. Clin. Nutr. 2012, 96, 640–646. [CrossRef] [PubMed]

16. Sylvetsky, A.C.; Jin, Y.; Clark, E.J.; Welsh, J.A.; Rother, K.I.; Talegawkar, S.A. Consumption of low-calorie
sweeteners among children and adults in the united states. J. Acad. Nutr. Diet. 2017, 117, 441–448. [CrossRef]
[PubMed]

17. Food Standards Australia New Zealand. Consumption of Intense Sweeteners in Australia and New Zealand;
FSANZ: Canberra, Australia, 2004.

18. Australian Bureau of Statistics. 4363.0.55.001—Australian Health Survey: User’s Guide, 2011–13; ABS:
Canberra, Australia, 2013.

19. Food Standards Australia New Zealand. Ausnut 2011–13 Food Nutrient Database; FSANZ: Canberra, Australia, 2014.
20. Food Standards Australia New Zealand. Ausnut 2011–13 Food Details File; FSANZ: Canberra, Australia, 2016.
21. Drewnowski, A.; Rehm, C.D. Socio-demographic correlates and trends in low-calorie sweetener use among

adults in the United States from 1999 to 2008. Eur. J. Clin. Nutr. 2015, 69, 1035–1041. [CrossRef] [PubMed]
22. Drewnowski, A.; Rehm, C. The use of low-calorie sweeteners is associated with self-reported prior intent to

lose weight in a representative sample of US adults. Nutr. Diabetes 2016, 6, e202. [CrossRef] [PubMed]
23. Hedrick, V.E.; Passaro, E.M.; Davy, B.M.; You, W.; Zoellner, J.M. Characterization of non-nutritive sweetener

intake in rural southwest Virginian adults living in a health-disparate region. Nutrients 2017, 9, 757.
[CrossRef] [PubMed]

24. Wardle, J.; Haase, A.M.; Steptoe, A.; Nillapun, M.; Jonwutiwes, K.; Bellisie, F. Gender differences in food
choice: The contribution of health beliefs and dieting. Ann. Behav. Med. 2004, 27, 107–116. [CrossRef]
[PubMed]

25. Drewnowski, A.; Rehm, C.D. Consumption of low-calorie sweeteners among us adults is associated with
higher healthy eating index (HEI 2005) scores and more physical activity. Nutrients 2014, 6, 4389–4403.
[CrossRef] [PubMed]

26. Romo-Romo, A.; Almeda-Valdés, P.; Brito-Córdova, G.X.; Gómez-Pérez, F.J. Prevalence of non-nutritive
sweeteners consumption in a population of patients with diabetes in mexico. Gac. Med. Mex. 2017, 153.

27. Tey, S.L.; Salleh, N.B.; Henry, J.; Forde, C.G. Effects of aspartame-, monk fruit-, stevia- and sucrose-sweetened
beverages on postprandial glucose, insulin and energy intake. Int. J. Obes. 2017, 41, 450–457. [CrossRef]
[PubMed]

28. Mandrioli, D.; Kearns, C.E.; Bero, L.A. Relationship between research outcomes and risk of bias, study
sponsorship, and author financial conflicts of interest in reviews of the effects of artificially sweetened
beverages on weight outcomes: A systematic review of reviews. PLoS ONE 2016, 11, e0162198. [CrossRef]
[PubMed]

http://dx.doi.org/10.1038/ijo.2015.177
http://www.ncbi.nlm.nih.gov/pubmed/26365102
http://dx.doi.org/10.1002/oby.22139
http://www.ncbi.nlm.nih.gov/pubmed/29570245
http://dx.doi.org/10.1007/s13197-011-0571-1
http://www.ncbi.nlm.nih.gov/pubmed/24741154
http://dx.doi.org/10.3928/08910162-20080601-02
http://dx.doi.org/10.1038/oby.2008.284
http://www.ncbi.nlm.nih.gov/pubmed/18535548
http://dx.doi.org/10.3945/ajcn.110.007922
http://www.ncbi.nlm.nih.gov/pubmed/21430119
http://dx.doi.org/10.1136/bmj.h3576
http://www.ncbi.nlm.nih.gov/pubmed/26199070
http://dx.doi.org/10.3945/ajcn.112.034751
http://www.ncbi.nlm.nih.gov/pubmed/22854409
http://dx.doi.org/10.1016/j.jand.2016.11.004
http://www.ncbi.nlm.nih.gov/pubmed/28087414
http://dx.doi.org/10.1038/ejcn.2015.38
http://www.ncbi.nlm.nih.gov/pubmed/25804272
http://dx.doi.org/10.1038/nutd.2016.9
http://www.ncbi.nlm.nih.gov/pubmed/26950483
http://dx.doi.org/10.3390/nu9070757
http://www.ncbi.nlm.nih.gov/pubmed/28708096
http://dx.doi.org/10.1207/s15324796abm2702_5
http://www.ncbi.nlm.nih.gov/pubmed/15053018
http://dx.doi.org/10.3390/nu6104389
http://www.ncbi.nlm.nih.gov/pubmed/25329967
http://dx.doi.org/10.1038/ijo.2016.225
http://www.ncbi.nlm.nih.gov/pubmed/27956737
http://dx.doi.org/10.1371/journal.pone.0162198
http://www.ncbi.nlm.nih.gov/pubmed/27606602


Nutrients 2018, 10, 833 10 of 10

29. Gibson, S.A.; Horgan, G.W.; Francis, L.E.; Gibson, A.A.; Stephen, A.M. Low calorie beverage consumption is
associated with energy and nutrient intakes and diet quality in British adults. Nutrients 2016, 8, 9. [CrossRef]
[PubMed]

30. Winther, R.; Aasbrenn, M.; Farup, P.G. Intake of non-nutritive sweeteners is associated with an unhealthy
lifestyle: A cross-sectional study in subjects with morbid obesity. BMC Obes. 2017, 4, 41. [CrossRef] [PubMed]

31. Grech, A.; Sui, Z.; Siu, H.Y.; Zheng, M.; Allman-Farinelli, M.; Rangan, A. Socio-demographic determinants of
diet quality in australian adults using the validated healthy eating index for Australian adults (Heifa-2013).
Healthcare 2017, 5, 7. [CrossRef] [PubMed]

32. Australian Bureau of Statistics. Australian Health Survey: Consumption of Added Sugars, 2011–12; ABS:
Canberra, Australia, 2016.

33. Subar, A.F.; Freedman, L.S.; Tooze, J.A.; Kirkpatrick, S.I.; Boushey, C.; Neuhouser, M.L.; Thompson, F.E.;
Potischman, N.; Guenther, P.M.; Tarasuk, V. Addressing current criticism regarding the value of self-report
dietary data. J. Nutr. 2015, 145, 2639–2645. [CrossRef] [PubMed]

34. Poslusna, K.; Ruprich, J.; de Vries, J.H.; Jakubikova, M.; van‘t Veer, P. Misreporting of energy and
micronutrient intake estimated by food records and 24 hour recalls, control and adjustment methods
in practice. Br. J. Nutr. 2009, 101, S73–S85. [CrossRef] [PubMed]

35. Thompson, F.E.; Kirkpatrick, S.I.; Subar, A.F.; Reedy, J.; Schap, T.E.; Wilson, M.M.; Krebs-Smith, S.M.
The national cancer institute’s dietary assessment primer: A resource for diet research. J. Acad. Nutr. Diet.
2015, 115, 1986–1995. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/nu8010009
http://www.ncbi.nlm.nih.gov/pubmed/26729159
http://dx.doi.org/10.1186/s40608-017-0177-x
http://www.ncbi.nlm.nih.gov/pubmed/29299330
http://dx.doi.org/10.3390/healthcare5010007
http://www.ncbi.nlm.nih.gov/pubmed/28165394
http://dx.doi.org/10.3945/jn.115.219634
http://www.ncbi.nlm.nih.gov/pubmed/26468491
http://dx.doi.org/10.1017/S0007114509990602
http://www.ncbi.nlm.nih.gov/pubmed/19594967
http://dx.doi.org/10.1016/j.jand.2015.08.016
http://www.ncbi.nlm.nih.gov/pubmed/26422452
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Collection 
	Coding 
	Statistical Analysis 

	Results 
	Population Subgroups Comparisons 
	Major Dietary Sources of NNS 
	Food and Nutrient Intakes 

	Discussion 
	Limitations 
	Conclusions 
	References

