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Abstract: This study aims to examine the use of non-nutritive (NNSs) and low-calorie sweeteners
(LCSs) in pre-packaged foods in Hong Kong and the differences in the number of NNSs/LCSs used
between products from different regions. In a cross-sectional audit, the types of NNSs/LCSs used
in 19,915 pre-packaged foods in Hong Kong were examined by searching the ingredients list of the
included products for keywords related to 20 common NNSs/LCSs and their respective E-numbers.
Prevalence of use of NNSs and LCSs, the co-presence of NNSs/LCSs and free sugar ingredients
(FSI), and the number of NNSs/LCSs used in the included foods were computed. Pearson’s χ2 test
was used to compare the total number of NNSs and/or LCSs used in food items from different
regions. Sucralose (E955) was the most commonly used NNS (1.9%), followed by acesulfame K (E950,
1.6%). Sorbitol was the most commonly used LCS (2.9%). Overall, the use of LCSs was less common
compared with NNSs (3.7% vs. 4.5%). The use of different types of NNSs varied substantially
between food types. Notably, 20.2% of potato crisps and 15.2% of other crisps or extruded snacks
contained at least one NNS and/or LCS. Co-presence of FSIs and NNSs/LCSs were most common in
confectionery (15.7%) and snack foods (15.5%). Asian prepackaged foods were more likely to contain
NNSs/LCSs (10.1%) compared with those from other regions. To conclude, NNSs/LCSs were used
in a wide range of non-diet pre-packaged products which could be a public health concern due to
their higher consumption frequencies than “diet” products.

Keywords: non-nutritive sweeteners; low-calorie sweeteners; intense sweeteners; sugar substitutes;
pre-packaged foods; Hong Kong

1. Introduction

Excessive free sugar consumption has been proposed to be a major driver of the
worldwide obesity epidemic [1,2]. Public health agencies and healthcare professionals
have long been advocating for a reduction in free sugar content in processed foods, as
the majority of the population’s daily free sugar intake comes from these items [3]. The
latest guidelines from the World Health Organization (WHO) recommend individuals
limit their intake of free sugars (i.e., monosaccharides and disaccharides added to foods
by manufacturers, including sugars that are naturally present in honey, syrups and fruit
juices) to no more than 5–10% of total energy intake [4].

Reformulation of packaged foods to reduce the sugar content is a public health
priority globally. Many governments worldwide have imposed a sugar tax (e.g., the UK,
France, Mexico) and/or set voluntary reformulation targets for sugar [5–8]. In response to
these sugar reduction policies as well as consumer demand for lower sugar foods, there
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has been an increase in the use of non-nutritive sweeteners (NNSs, e.g., aspartame) and
low-calorie sweeteners (LCSs, e.g., xylitol) in recent years [4,9–13]. Due to their higher
sweetness intensity, these sweeteners can provide a similar level of sweetness as sugar
but with substantially fewer calories, and are, therefore, a popular alternative to sugar
for manufacturers. A recent audit of packaged foods sold in Australia, Canada, the USA
and Mexico reported that NNSs were present in a wide variety of food and beverages,
such as confectionery, dairy products, desserts, soft drinks and juice [14]. Co-presence of
NNSs/LCSs with free sugar has also become more common [11]. This could be a potential
public health concern considering nutrition labels are not required to display the amount
of NNSs/LCSs used [15–17], and therefore, consumers may be unaware that some sugars
in their favorite foods/beverages are being replaced by NNSs/LCSs [18].

While regulatory agencies around the world have deemed the use of NNSs/LCSs to
be safe at the dosage commonly found in food products [19–21], the impact of NNSs/LCSs
intake on health outcomes remains controversial [22–26], with some studies suggesting
that the use of NNSs/LCSs may be associated with obesity and chronic diseases such as
diabetes or cardiovascular diseases [23,24]. Previous studies and meta-analyses [27–29],
however, have often considered NNSs/LCSs as a single entity which have not allowed
the attribution of the observed associations with health outcomes to a particular type of
NNS/LCS. It has been suggested that NNSs/LCSs may have different effects on health
outcomes [30], e.g., weight loss [31]; generalizing the potential health effects of a particular
type of NNSs/LCSs to other NNSs/LCSs is likely inappropriate [32]. Given there are more
than 20 types of NNSs/LCSs commonly used in pre-packaged foods, it is important to
examine the prevalence of use of individual types of NNSs/LCSs in the food supply to
inform risk assessment and policy development.

To date, there has been no research that has examined the use of NNSs/LCSs in
different types of packaged foods in Hong Kong. Given around 90% of the Hong Kong
food supply is imported from various parts of the world [33], and the increasingly common
use of NNSs/LCSs in other countries as described above, the aim of this study was to
examine the use of NNSs/LCSs in pre-packaged foods in Hong Kong and the differences
in the number of NNSs/LCSs used between products from different regions.

2. Materials and Methods
2.1. Data Source

This cross-sectional examination of the packaged food supply in Hong Kong used data
from the 2019 FoodSwitch Hong Kong monitoring and surveillance database. This database
is the only comprehensive pre-packaged food database with nutrient and ingredient
information available in Hong Kong [34]. The largest megastore of each of the following
major chain supermarkets/retailers in Hong Kong was visited due to the wider range of
products available: Park’ n Shop and Wellcome (both selling a wide range of local and
imported groceries including those from typical household brands), AEON (selling a wide
range of popular Japanese imported products), City’Super (selling a wide range of niche
imported products from all over the world) and Marks & Spencer (selling a wide range
of its home brand products originating from the UK). The stores were located in different
geographical areas, but all were affluent areas [34]. Together, these retailers account for
more than 70% of the market share of pre-packaged foods in Hong Kong [35], while the
remaining 30% are small retailers, internet stores and others. Data in the monitoring
and surveillance database were collected by trained research assistants, who visited these
stores and took several photographs of pre-packaged products that displayed a nutrition
information panel. Photographs were taken of the barcode, front-of-package, nutrition
information panel and the ingredients list using a bespoke smartphone application [36].
While FoodSwitch Hong Kong also maintains a crowd-sourced database, it was not used
in the current study.
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2.2. Data Entry and Processing

For each food item, the barcode, name and brand of the product, ingredients, nutri-
tion information and country of origin were recorded into the FoodSwitch database. The
countries of origin were identified using the 3-digit prefix of the Global Trade Item Number
(GTIN) standard barcode [37], which identifies the issuance country, as a proxy if that
corresponds to a single country, e.g., “489” for Hong Kong. For items which have GTIN
prefixes that correspond to more than one issuance country, e.g., “540” to “549” correspond-
ing to Belgium and Luxemburg, or items with non-GTIN-standard barcodes, the on-pack
declaration of country of origin was used. The countries of origin were then grouped into
five regions, namely Asia, Europe, North America, Oceania and others (including South
America, the Middle East and Africa). These food items were then categorized into 18 major
food groups (and their respective minor food groups) according to the food categorization
system developed by The Global Food Monitoring Group [38].

2.3. Exclusion Criteria

Several food groups, namely alcohols (n = 27), special foods (n = 599), vitamins and
supplements (n = 5) and foods unable to be categorized (n = 41) were excluded from
analysis, leaving 14 major food groups. These categories were excluded as they are not
required to carry the standard nutrition information panel of Hong Kong, and/or are not
expected to be a major dietary contributor of NNSs/LCSs. Of the remaining 20,450 items,
420 were excluded due to being a duplicate product (i.e., same item in different pack sizes),
113 items were excluded for not having an ingredients list and two items were excluded for
having multiple nutrition information panels. This left 19,915 items for the main analysis.

2.4. Identification of NNSs/LCSs and Free Sugar Ingredients (FSIs)

In this study, a total of 20 different types of NNSs and LCSs were examined. The NNSs
examined included acesulfame potassium (acesulfame K, E950), advantame (E969), alitame
(E956), aspartame (E951), aspartame-acesulfame salt (E962), cyclamic acid (E952), saccharin
(E954), sucralose (E955), thaumatin (E957), neotame (E961), steviol glycosides (E960), and
neohesperidin dihydrochalcone (E959). The LCSs examined included luo han guo (monk
fruit), erythritol, isomalt, lactitol, maltitol, mannitol, sorbitol and xylitol. All NNSs except
advantame and neohesperidin dihydrochalcone are permitted for use in Hong Kong [39],
and there are no specific restrictions on LCSs in Hong Kong. The official and alternative
names of these sweeteners and their respective E-codes were used as keywords for their
identification in the ingredients lists. Individual types of free sugar ingredients (FSIs) were
identified according to the method described by Bernstein et al. [40]. The food items were
then coded as “no FSI” or “with FSI” accordingly.

2.5. Data Cleaning and Statistical Analysis

Data were analyzed using SPSS (version 25.0, IBM Corp. Ltd., New York, NY, USA).
Descriptive statistics were computed for the prevalence of use of NNSs and LCSs, the
co-presence of NNSs/LCSs and FSI, and the number of NNSs/LCSs used in the included
food items, stratified by food category and region of origin where appropriate. Pearson’s χ2

test was used to compare the total number of NNSs and/or LCSs used in food items from
different regions. As this was an exploratory study, a two-tailed p < 0.05 was considered
statistically significant.

3. Results
3.1. Types of NNSs and LCSs Used

Overall, 4.5% of the included items contained at least one NNS (Table S1). Of all the
NNSs examined, sucralose was the most commonly used, which was found in 1.9% of
all items, followed by acesulfame K (1.6%), aspartame (1.3%) and stevia (1.0%) (Figure 1).
Alitame and thaumatin were not used in the included products, and the use of the other
types of NNSs was infrequent. Neohesperidin dihydrochalcone and advantame were
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found in one soft drink and one noodle product, respectively (Table S1). Figure 2 shows the
prevalence of use of different LCSs by food categories. Sorbitol was the most commonly
used LCS, which was found in 2.9% of the included products, followed by maltitol (0.6%).
Overall, the use of LCSs was less common compared with NNSs (3.7% vs. 4.5%; Table S2).
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Figure 2. Prevalence of use of different low-calorie sweeteners (LCSs) by food category.

3.2. Use of NNSs/LCSs by Food Category

The use of the different types of NNSs and LCSs varied substantially between food
types. For example, aspartame was more commonly used in snack foods (6.0%), whereas
acesulfame K was more commonly used in confectionery items (8.5%) (Figure 1). LCSs
were more commonly found in confectionery (17.8%) and cereal and grain products (16.5%)
(Figure 2). Notably, savory items such as 20.2% of potato crisps and 15.2% of other crisps or
extruded snacks available in Hong Kong were found to contain at least one NNS and/or
LCS (Figure 3). When examining the number of NNSs and/or LCSs used (Figure 4), a
large proportion of NNSs/LCSs-containing confectionery, non-alcoholic beverages and
snack foods utilized two or more NNSs and/or LCSs, while the majority of NNSs/LCSs-
containing items in most other categories used only one NNS or LCS.
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Figure 4. Number of non-nutritive (NNSs) and low-calorie sweeteners (LCSs) used in products by major food category. 0, 1,
2, 3 and 4 refers to the number of NNSs/LCSs found in the food products as stated in the figure caption.
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3.3. Co-Presence of NNSs, LCSs and FSIs

The prevalence of co-presence of NNSs, LCSs and FSIs is summarized in Table 1. The
majority of items (57.7%) contained FSIs only, followed by items with no FSIs, NNSs nor
LCSs (35.1%). Overall, 5.9% of items contained FSIs together with either NNSs or LCSs
or both. Only 1.4% of items contained NNSs and/or LCSs without FSIs. Co-presence of
FSIs and NNSs/LCSs were more common in confectionery (15.7%), snack foods (15.5%)
and non-alcoholic beverages (7.5%). The non-alcoholic beverages category had the highest
proportion of items using NNSs and/or LCSs without FSIs (2.9%).

3.4. Use of NNSs/LCSs by Region of Origin

When examined by region of origin, a higher proportion of items from Asia used NNSs
and/or LCSs (10.1%), followed by North America (4.6%) (Figure 5). Notably, use of NNSs
and/or LCSs was more common in snacks (25.5%), bread and bakery products (12.3%),
convenience foods (7.7%), fruits and vegetables (8.3%) (7.4%), fish and fish products and
cereal and grain products (7.0%) from Asia compared with those from other regions. On
the other hand, a substantially higher proportion (25.9%) of confectionery items from
North America utilized two or more NNSs/LCSs than confectionery from the other regions.
Products from Europe and Oceania infrequently utilize NNSs and or LCSs, and NNSs and
LCSs are mostly found in non-alcoholic beverages and bread and bakery products. None of
the products from South America, the Middle East and Africa contained any NNSs/LCSs.
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Figure 5. Number of non-nutritive (NNSs) and/or low-calorie sweeteners (LCSs) in food products from different regions by
food category. n from left to right: 934, 634, 138, 66, 2, 1779, 632, 278, 117, 20, 862, 651, 131, 60, 6, 783, 265, 88, 32, 3, 751, 553,
136, 165, 6, 171, 221, 32, 34, 0, 53, 7, 5, 9, 0, 500, 182, 28, 24, 6, 1157, 866, 420, 37, 45, 406, 262, 68, 20, 7, 1494, 585, 208, 117, 19,
1350, 638, 293, 55, 11, 642, 218, 126, 13, 3, 178, 170, 78, 62, 2, 11,061, 5884, 2029, 811, 130. 0, 1, 2, 3 and 4 refers to the number
of NNSs/LCSs found in the food products as stated in the figure caption.
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Table 1. Prevalence (n (%)) of products with co-presence of non-nutritive sweetener (NNSs), low-calorie sweeteners (LCSs) and free sugar ingredients (FSIs) by food category.

Food Category Total n in
Category

NNSs
Only

LCSs
Only

NNS +
FSI

LCSs +
FSI

NNSs +
LCSs

NNSs +
LCSs + FSIs

FSIs
Only

No
NNSs/LCSs/FSIs

Bread and bakery products 1774 4 (0.2) 18 (1.0) 15 (0.8) 102 (5.7) 0 (0.0) 5 (0.3) 1497 (84.4) 133 (7.5)
Biscuits 1085 3 (0.3) 12 (1.1) 13 (1.2) 23 (2.1) 0 (0.0) 5 (0.5) 954 (87.9) 75 (6.9)
Breads 181 1 (0.6) 0 (0.0) 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0) 147 (81.2) 32 (17.7)
Cakes and other bakery items 508 0 (0.0) 6 (1.2) 2 (0.4) 78 (15.4) 0 (0.0) 0 (0.0) 396 (78.0) 26 (5.1)
Cereal and grain products 2826 2 (0.1) 4 (0.1) 39 (1.4) 87 (3.1) 2 (0.1) 1 (0.0) 1120 (39.6) 1571 (55.6)
Breakfast cereals 466 0 (0.0) 0 (0.0) 0 (0.0) 5 (1.1) 0 (0.0) 0 (0.0) 322 (69.1) 139 (29.8)
Cereals and nut-based bars 118 0 (0.0) 0 (0.0) 0 (0.0) 13 (11.0) 0 (0.0) 0 (0.0) 100 (84.7) 5 (4.2)
Noodles 1127 2 (0.2) 4 (0.4) 38 (3.4) 68 (6.0) 2 (0.2) 1 (0.1) 566 (50.2) 446 (39.6)
Pasta, rice or cous cous 655 0 (0.0) 0 (0.0) 1 (0.2) 1 (0.2) 0 (0.0) 0 (0.0) 67 (10.2) 586 (89.5)
Other cereal products 460 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 65 (14.1) 395 (85.9)
Confectionery 1710 1 (0.1) 7 (0.4) 49 (2.9) 157 (9.2) 79 (4.6) 61 (3.6) 1336 (78.1) 20 (1.2)
Chocolates 735 0 (0.0) 2 (0.3) 1 (0.1) 39 (5.3) 14 (1.9) 1 (0.1) 666 (90.6) 12 (1.6)
Sweets 658 8 (1.2) 2 (0.3) 15 (2.3) 101 (15.3) 32 (4.9) 16 (2.4) 490 (74.5) 2 (0.3)
Chewing gums 57 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 27 (47.4) 24 (42.1) 6 (10.5) 0 (0.0)
Cough lollies 61 0 (0.0) 1 (1.6) 2 (3.3) 3 (4.9) 5 (8.2) 16 (26.2) 33 (54.1) 1 (1.6)
Jellies 199 1 (0.5) 2 (1.0) 31 (15.6) 14 (7.0) 1 (0.5) 4 (2.0) 141 (70.9) 5 (2.5)
Convenience foods 1171 4 (0.3) 1 (0.1) 18 (1.5) 35 (3.0) 0 (0.0) 2 (0.2) 874 (74.6) 237 (20.2)
Dairy 1611 8 (0.5) 2 (0.1) 44 (2.7) 12 (0.7) 0 (0.0) 1 (0.1) 889 (55.2) 655 (40.7)
Edible oils and oil emulsions 459 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (1.3) 452 (98.5)
Eggs 74 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.4) 0 (0.0) 0 (0.0) 3 (4.1) 70 (94.6)
Seafood and seafood products 740 0 (0.0) 3 (0.4) 10 (1.4) 18 (2.4) 0 (0.0) 6 (0.8) 274 (37.0) 429 (58.0)
Fruit and vegetables 2525 17 (0.7) 8 (0.3) 67 (2.7) 19 (0.8) 1 (0.0) 0 (0.0) 844 (33.4) 1569 (62.1)
Fruits 460 4 (0.9) 0 (0.0) 31 (6.7) 0 (0.0) 0 (0.0) 0 (0.0) 202 (43.9) 223 (48.5)
Herbs and spices 586 0 (0.0) 2 (0.3) 3 (0.5) 4 (0.7) 0 (0.0) 0 (0.0) 107 (18.3) 470 (80.2)
Jam and marmalade 222 0 (0.0) 6 (2.7) 3 (1.4) 0 (0.0) 0 (0.0) 0 (0.0) 208 (93.7) 5 (2.3)
Nuts and seeds 431 6 (1.4) 0 (0.0) 16 (3.7) 1 (0.2) 0 (0.0) 0 (0.0) 83 (19.3) 325 (75.4)
Vegetables 826 7 (0.8) 0 (0.0) 14 (1.7) 14 (1.7) 1 (0.1) 0 (0.0) 244 (29.5) 546 (66.1)
Meat and meat alternatives 763 0 (0.0) 0 (0.0) 2 (0.3) 9 (1.2) 0 (0.0) 1 (0.1) 498 (65.3) 253 (33.2)
Non-alcoholic beverages 2423 65 (2.7) 0 (0.0) 162 (6.7) 9 (0.4) 4 (0.2) 10 (0.4) 1332 (55.0) 841 (34.7)
Coffee, tea and hot chocolates 915 5 (0.5) 0 (0.0) 29 (3.2) 3 (0.3) 0 (0.0) 0 (0.0) 302 (33.0) 576 (63.0)
Cordials 790 2 (2.1) 0 (0.0) 16 (17.0) 1 (1.1) 0 (0.0) 0 (0.0) 74 (78.7) 1 (1.1)
Electrolyte and energy drinks 45 4 (8.9) 0 (0.0) 14 (31.1) 0 (0.0) 1 (2.2) 1 (2.2) 25 (55.6) 0 (0.0)
Fruit and vegetable juices 527 0 (0.0) 0 (0.0) 15 (2.8) 0 (0.0) 0 (0.0) 0 (0.0) 388 (73.6) 124 (23.5)
Soft drinks 672 45 (6.7) 0 (0.0) 81 (12.1) 5 (0.7) 1 (0.1) 8 (1.2) 520 (77.4) 12 (1.8)
Waters 170 9 (5.3) 0 (0.0) 7 (4.1) 0 (0.0) 2 (1.2) 1 (0.6) 23 (13.5) 128 (75.3)
Sauce, dressings, spreads and dips 2347 8 (0.3) 5 (0.2) 45 (1.9) 16 (0.7) 0 (0.0) 2 (0.1) 1711 (72.9) 560 (23.9)
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Table 1. Cont.

Food Category Total n in
Category

NNSs
Only

LCSs
Only

NNS +
FSI

LCSs +
FSI

NNSs +
LCSs

NNSs +
LCSs + FSIs

FSIs
Only

No
NNSs/LCSs/FSIs

Sauces 1767 8 (0.5) 5 (0.3) 27 (1.5) 14 (0.8) 0 (0.0) 1 (0.1) 1308 (74.0) 404 (22.9)
Dressings 333 0 (0.0) 0 (0.0) 18 (5.4) 1 (0.3) 0 (0.0) 0 (0.0) 218 (65.5) 96 (28.8)
Spreads and dips 247 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.4) 0 (0.0) 1 (0.4) 185 (74.9) 60 (24.3)
Snack foods 1001 10 (1.0) 1 (0.1) 125 (12.5) 19 (1.9) 0 (0.0) 11 (1.1) 640 (63.9) 196 (19.6)
Potato crisps 312 3 (1.0) 0 (0.0) 60 (19.2) 0 (0.0) 0 (0.0) 0 (0.0) 184 (59.0) 65 (20.8)
Other crisps or extruded snacks 419 1 (0.2) 0 (0.0) 49 (11.7) 7 (0.0) 0 (0.0) 3 (0.0) 263 (62.8) 93 (22.2)
Popcorn 32 0 (0.0) 0 (0.0) 1 (3.1) 1 (3.1) 0 (0.0) 1 (3.1) 25 (78.1) 4 (12.5)
Other snacks 238 2 (0.8) 1 (0.4) 15 (6.3) 11 (4.6) 0 (0.0) 7 (2.9) 168 (70.6) 34 (14.3)
Sugars, honey and related products 490 2 (0.4) 1 (0.2) 12 (2.4) 0 (0.0) 9 (1.8) 0 (0.0) 460 (93.9) 6 (1.2)
Sweeteners 23 1 (4.3) 1 (4.3) 11 (47.8) 0 (0.0) 9 (39.1) 0 (0.0) 0 (0.0) 1 (4.3)
Sugars or honey or syrups 467 1 (0.2) 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 460 (98.5) 5 (1.1)
Total 19,915 130 (0.7) 44 (0.2) 604 (3.0) 470 (2.4) 93 (0.5) 98 (0.5) 11,484 (57.7) 6992 (35.1)

FSIs: free sugar ingredients; LCSs: low-calorie sweeteners; NNSs: non-nutritive sweeteners.
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4. Discussion

This study found that sucralose, acesulfame K, aspartame and stevia were the most
commonly used NNSs, while sorbitol was the most commonly used LCS, which is con-
sistent with previous research in other countries [11]. The types of NNSs/LCSs used
differed between food categories, possibly due to the heat and chemical stability of the
NNSs/LCSs under different conditions. For example, aspartame was more commonly
found in products that do not undergo heat treatment, as it is known to breakdown at high
temperatures [41]. In contrast, heat-stable NNSs such as sucralose were more commonly
used in heat-treated products such as bakery items. Nonetheless, our cross-sectional audit
showed a higher proportion of foods contained stevia and sucralose compared with audits
from other countries [11,42]. Although comprehensive literature reviews conducted by
regulatory agencies [19–21] have concluded that concerns regarding “older” sweeteners
such as aspartame were not supported by scientific data, manufacturers may opt to replace
these controversial sweeteners with those not as controversial such as stevia and/or su-
cralose in response to consumers’ preference and demand [43]. Newer sweeteners entering
the market as well as the ongoing controversies regarding the safety of NNSs/LCSs will
also affect food company decisions on the type of NNSs/LCSs to use. This highlights the
importance of regular monitoring and surveillance on the use of NNSs/LCSs to allow
examination of change in their use over time.

“Diet” products generally use NNSs/LCSs to replace sugars to achieve a lower calorie
content. However, an important finding of our study was that a sizable proportion of
ordinary non-diet products contained at least one NNS/LCS. Indeed, more than 15% of
snack foods (mostly savory) included in this study contained at least one NNS, which is in
opposition with the commonly expected usage of NNSs/LCSs, i.e., for replacement of free
sugars in sweet “diet” products. This may have a negative public health impact. Studies
have suggested that even young adults, who are usually more health-conscious/literate
than other age groups, may not realize that they have consumed NNSs/LCSs [18,44].
Furthermore, patients with phenylketonuria (PKU) need to avoid products containing
aspartame. Although labelling regulations around the world require an on-pack warning
regarding the presence of aspartame [45,46], this is not mandatory in Hong Kong [47]. The
presence of aspartame in non-diet products may mean that PKU patients will need to be
further reminded about the possibility of such unexpected exposure, and the importance
of checking the declaration on packaging and ingredients list for all packaged products.

We also observed a significant inter-regional difference in the number of NNSs/LCSs
used, which may be reflective of the regulatory requirements of the respective countries as
well as the taste preference of consumers in the region. For example, the higher use of NNSs
amongst Asian snacks compared with those from other regions may be because Asian
potato chips tend to have a sweeter taste profile (e.g., honey soy flavor) compared with
Western potato chips (e.g., cheese flavor), while the substantially higher use of NNSs/LCSs
in North American confectionery may reflect the preference of stronger sweet taste of
North American consumers. In contrast, the lower use of NNSs/LCSs in packaged foods
in Europe and Oceania may be due to poorer consumer acceptance of NNSs/LCSs [48].
For Hong Kong, where the majority of packaged foods are imported [33], this poses a
unique challenge to government agencies (in terms of regulation) and health professionals
(in terms of nutrition education). These findings highlight that NNSs/LCSs are no longer
just prevalent in “diet” products. As such, nutrition education should focus on teaching
consumers how to identify the presence of NNSs/LCSs, particularly as they appear to be
found in a wide range of pre-packaged foods.

Another interesting finding from our study is that the co-use of NNSs/LCSs with FSIs
was more common compared with exclusive use of NNSs and/or LCSs, which echoes the
finding of a recent US study [11]. In these products, rather than a total replacement of free
sugars with NNSs/LCSs, manufacturers commonly reduce the free sugar content and use
NNS/LCS to compensate for this loss of sweetness to ensure the product has a similar
taste profile to the original product. Increased use of NNSs/LCSs is likely due to the recent
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emergence of sugar reduction strategies set by governments around the world, including
sugar reformulation targets, portion size guidelines and taxation of sugar-sweetened
beverages [5–8].

Although the replacement of free sugars with NNSs and/or LCSs could result in an
immediate reduction in free sugars and caloric intake, the potential health consequences
of regular consumption of NNSs/LCSs remain a hotly debated topic [49–51]. The co-
occurrence of NNSs/LCSs and FSI as observed in this study may also carry potential risks
to metabolic and physiological disruption [52,53]. For example, the sweet sensation elicited
by sugars normally leads to an anticipation of the arrival of food in the gastrointestinal
tract [53], and the co-presence of FSI with NNSs/LCSs may result in a mismatch in the
“anticipated calorie” and actual calorie consumed, which may lead to caloric compensation
in subsequent meal [54].

The strengths of this study include the use of a large dataset of commonly available
pre-packaged foods in Hong Kong manufactured in various regions of the world that were
collected using a standard, systematic protocol. Moreover, it is the first comprehensive
audit of this kind in the Asian region. We have also performed a comprehensive search of
NNSs/LCSs/FSIs keywords which covered most, if not all, of the NNSs/LCSs/FSIs that
are permitted for use in food products, and we also examined the difference of their use
by their region of origin. Furthermore, we assessed the prevalence of use of individual
types of NNSs/LCSs to better inform risk assessment as research has shown that the health
effects of individual types of NNSs/LCSs do differ [32].

However, we alert the readers to several limitations. First, the dataset contains a
disproportionately high number of snacks compared with similar studies from other
countries [11,14], which may have biased the overall prevalence of use of NNSs/LCSs.
Nonetheless, this is reflective of the local food supply in Hong Kong, and the subgroup
analyses provided details on the use of NNSs/LCSs in different food categories. Second,
we relied on the ingredients information to identify the presence of NNSs/LCSs without
confirming the actual amount used by laboratory analysis. However, doing so is costly,
time-consuming and financially unfeasible. This also means we were unable to conduct a
full risk assessment of these unexpected exposures of NNSs/LCSs in non-diet products, and
we cannot confirm how the findings translate to actual purchases or intake. Future studies
would benefit from linking data on the prevalence of use with purchasing or intake data to
understand what the findings mean in terms of what consumers are actually eating. Given
the high prevalence of use of NNSs/LCSs in non-diet products, future risk assessments in
Hong Kong and possibly around the world examining the risk of NNSs/LCSs exposure
should include these products in the modelling.

5. Conclusions

NNSs/LCSs were used in a wide range of pre-packaged foods in Hong Kong, the
majority of which were used in non-diet products such as savory snacks. This could
be a significant public health concern, as consumers may be unaware of their presence.
Where technically and organoleptically possible, manufacturers are encouraged to use
other reformulation strategies than replacing free sugars with NNSs/LCSs. Future risk
assessments should consider the contribution of non-diet products to NNSs/LCSs exposure,
and regulations regarding NNSs/LCSs usage should be updated to reflect the new risk
profiles. Consumer education programs to increase the awareness of NNSs/LCSs usage in
pre-packaged foods, as well as their potential health implications, are also needed.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13061861/s1. Table S1: Prevalence [n (%)] of use of different non-nutritive sweeteners
(NNSs) by food category, Table S2: Prevalence [n (%)] of use of different low-calorie sweeteners
(LCSs) by food category.

Author Contributions: B.Y.S.O. conducted research, analyzed data, and drafted the manuscript.
D.H.C. contributed to the study design, interpreted the data, and critically reviewed the manuscript.

https://www.mdpi.com/article/10.3390/nu13061861/s1
https://www.mdpi.com/article/10.3390/nu13061861/s1


Nutrients 2021, 13, 1861 12 of 14

E.K.D. interpreted the data and critically reviewed the manuscript. J.H.Y.W. contributed to the study
design, interpreted the data, and critically reviewed the manuscript. J.C.Y.L. conceived, designed
and supervised the study, analyzed and interpreted the data, and wrote the manuscript. J.C.Y.L.
has primary responsibility for the final content. All authors have read and agreed to the published
version of the manuscript.

Funding: This research did not receive any external funding.

Data Availability Statement: Restrictions apply to the availability of these data. Data was obtained
from The George Institute for Global Health under a license. Interested parties should contact Mr
Fraser Taylor at ftaylor@georgeinstitute.org.au to discuss access permission.

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

Ethical Standards Disclosure: Not applicable.

References
1. Malik, V.S.; Pan, A.; Willett, W.C.; Hu, F.B. Sugar-sweetened beverages and weight gain in children and adults: A systematic

review and meta-analysis. Am. J. Clin. Nutr. 2013, 98, 1084–1102. [CrossRef]
2. Te Morenga, L.; Mallard, S. Dietary sugars and body weight: Systematic review and meta-analyses of randomised controlled

trials and cohort studies. BMJ 2012, 346, e7492. [CrossRef]
3. Lei, L.; Rangan, A.; Flood, V.M.; Louie, J.C.Y. Dietary intake and food sources of added sugar in the Australian population.

Br. J. Nutr. 2016, 115, 868–877. [CrossRef] [PubMed]
4. World Health Organization. Guideline: Sugar Intake for Adults and Children; WHO Department of Nutrition for Health and

Development (NHD), Ed.; WHO: Geneva, Switzerland, 2015; p. 50.
5. Public Health England. Sugar Reduction: Achieving the 20%. A Technical Report Outlining Progress to Date, Guidelines for Industry,

2015 Baseline Levels in Key Foods and Next Steps; Public Health England: London, UK, 2017.
6. Tamir, O.; Cohen-Yogev, T.; Furman-Assaf, S.; Endevelt, R. Taxation of sugar sweetened beverages and unhealthy foods: A

qualitative study of key opinion leaders views. Isr. J. Health Policy Res. 2018, 7, 43. [CrossRef]
7. Australian Government. About the Partnership. 2018. Available online: http://www.health.gov.au/internet/main/publishing.

nsf/Content/about-the-partnership (accessed on 27 September 2018).
8. The Department of Health. Healthy Food Partnership Reformulation Program: Evidence Informing the Approach, Draft Targets and

Modelling Outcomes; The Department of Health, Ed.; Australian Government: Canberra, ACT, Australia, 2018; Volume 2019.
9. 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]
10. Drewnowski, A.; Rehm, C. 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]
11. Dunford, E.K.; Miles, D.R.; Ng, S.W.; Popkin, B. Types and Amounts of Nonnutritive Sweeteners Purchased by US Households:

A Comparison of 2002 and 2018 Nielsen Homescan Purchases. J. Acad. Nutr. Diet 2020, 120, 1662–1671.e1610. [CrossRef]
12. Sylvetsky, A.C.; Rother, K.I. Trends in the consumption of low-calorie sweeteners. Physiol. Behav. 2016, 164, 446–450. [CrossRef]

[PubMed]
13. World Cancer Research Fund International. Curbing Global Sugar Consumption: Effective Food Policy Actions to Help Promote Healthy

Diets and Tackle Obesity’; World Cancer Research Fund International: London, UK, 2015.
14. Dunford, E.K.; Taillie, L.S.; Miles, D.R.; Eyles, H.; Tolentino-Mayo, L.; Ng, S.W. Non-Nutritive Sweeteners in the Packaged Food

Supply—An Assessment across 4 Countries. Nutrients 2018, 10, 257. [CrossRef]
15. Centre for Food Safety (Hong Kong). Food and Drugs (Composition and Labelling) Regulations. 2018. Available online:

https://www.cfs.gov.hk/english/food_leg/food_leg_cl.html (accessed on 7 January 2021).
16. European Union. Regulation (EU) No 1169/2011 of the European Parliament and of the Council of 25 October 2011 on the

Provision of Food Information to Consumers. Off. J. Eur. Union 2011, L 304/18. Available online: https://eur-lex.europa.eu/
LexUriServ/LexUriServ.do?uri=OJ:L:2011:304:0018:0063:EN:PDF (accessed on 20 November 2020).

17. Population Health Division, Department of Health (UK). Technical Guidance on Nutrition Labelling. 2017. Available on-
line: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/595961/Nutrition_
Technical_Guidance.pdf (accessed on 7 January 2021).

18. Wilson, T.; Murray, B.; Price, T.; Atherton, D.; Hooks, T. Non-Nutritive (Artificial) Sweetener Knowledge among University
Students. Nutrients 2019, 11, 2201. [CrossRef]

19. European Food Safety Authority. Statement of EFSA on the scientific evaluation of two studies related to the safety of artificial
sweeteners. EFSA J. 2011, 9, 2089.

20. National Institute of Food and Drug Safety Evaluation. Safety Assessment of Sweeteners. Available online: http://www.nifds.go.
kr/nifds/upload/risk/1.%20Safety%20Assessment%20of%20Sweeteners.pdf (accessed on 20 November 2020).

21. Centre for Food Safety (Hong Kong). Risk Assessment on Artificial Sweeteners in Beverages. 2003. Available online: https:
//www.cfs.gov.hk/english/programme/programme_rafs/programme_rafs_fa_01_02_ra.html (accessed on 20 November 2020).

http://doi.org/10.3945/ajcn.113.058362
http://doi.org/10.1136/bmj.e7492
http://doi.org/10.1017/S0007114515005255
http://www.ncbi.nlm.nih.gov/pubmed/26794833
http://doi.org/10.1186/s13584-018-0240-1
http://www.health.gov.au/internet/main/publishing.nsf/Content/about-the-partnership
http://www.health.gov.au/internet/main/publishing.nsf/Content/about-the-partnership
http://doi.org/10.3945/ajcn.112.034751
http://doi.org/10.1038/ejcn.2015.38
http://doi.org/10.1016/j.jand.2020.04.022
http://doi.org/10.1016/j.physbeh.2016.03.030
http://www.ncbi.nlm.nih.gov/pubmed/27039282
http://doi.org/10.3390/nu10020257
https://www.cfs.gov.hk/english/food_leg/food_leg_cl.html
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:304:0018:0063:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:304:0018:0063:EN:PDF
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/595961/Nutrition_Technical_Guidance.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/595961/Nutrition_Technical_Guidance.pdf
http://doi.org/10.3390/nu11092201
http://www.nifds.go.kr/nifds/upload/risk/1.%20Safety%20Assessment%20of%20Sweeteners.pdf
http://www.nifds.go.kr/nifds/upload/risk/1.%20Safety%20Assessment%20of%20Sweeteners.pdf
https://www.cfs.gov.hk/english/programme/programme_rafs/programme_rafs_fa_01_02_ra.html
https://www.cfs.gov.hk/english/programme/programme_rafs/programme_rafs_fa_01_02_ra.html


Nutrients 2021, 13, 1861 13 of 14

22. Pepino, M.Y. Metabolic effects of non-nutritive sweeteners. Physiol. Behav. 2015, 152, 450–455. [CrossRef]
23. Anderson, G.H.; Foreyt, J.; Sigman-Grant, M. The Use of Low-Calorie Sweeteners by Adults: Impact on Weight Management.

J. Nutr. 2012, 142, 1163s–1169s. [CrossRef]
24. Duffey, K.J.; Steffen, L.M.; Van Horn, L.; Jacobs, D.R., Jr.; Popkin, B.M. Dietary patterns matter: Diet beverages and cardiometabolic

risks in the longitudinal Coronary Artery Risk Development in Young Adults (CARDIA) Study. Am. J. Clin. Nutr. 2012, 95, 909–915.
[CrossRef]

25. Tandel, K.R. Sugar substitutes: Health controversy over perceived benefits. J. Pharmacol. Pharmacother. 2011, 2, 236–243. [CrossRef]
[PubMed]

26. Shwide-Slavin, C.; Swift, C.; Ross, T. Nonnutritive Sweeteners: Where Are We Today? Diabetes Spectr. 2012, 25, 104–110. [CrossRef]
27. Rogers, P.J.; Hogenkamp, P.S.; De Graaf, C.; Higgs, S.; Lluch, A.; Ness, A.R.; Penfold, C.; Perry, R.; Putz, P.; Yeomans, M.R.; et al.

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, 381–394. [CrossRef]

28. Azad, M.B.; Abou-Setta, A.M.; Chauhan, B.F.; Rabbani, R.; Lys, J.; Copstein, L.; Mann, A.; Jeyaraman, M.M.; Reid, A.E.; Fiander, M.;
et al. Nonnutritive sweeteners and cardiometabolic health: A systematic review and meta-analysis of randomized controlled
trials and prospective cohort studies. CMAJ Can. Med. Assoc. J. 2017, 189, E929–E939. [CrossRef]

29. 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.e122. [CrossRef]

30. Hunter, S.R.; Reister, E.J.; Cheon, E.; Mattes, R.D. Low Calorie Sweeteners Differ in Their Physiological Effects in Humans.
Nutrients 2019, 11, 2717. [CrossRef]

31. Higgins, K.A.; Mattes, R.D. A randomized controlled trial contrasting the effects of 4 low-calorie sweeteners and sucrose on body
weight in adults with overweight or obesity. Am. J. Clin. Nutr. 2016, 109, 1288–1301. [CrossRef] [PubMed]

32. Magnuson, B.A.; Carakostas, M.C.; Moore, N.H.; Poulos, S.P.; Renwick, A.G. Biological fate of low-calorie sweeteners. Nutr. Rev.
2016, 74, 670–689. [CrossRef] [PubMed]

33. Food and Health Bureau (Hong Kong). Frequently Asked Questions on Food Supply of Hong Kong. 2016. Available online: https:
//www.fhb.gov.hk/download/press_and_publications/otherinfo/110318_food_supply_faq/e_food_supply_faq.pdf (accessed
on 20 November 2020).

34. Wong, A.S.C.; Coyle, D.H.; Wu, J.H.; Louie, J.C.Y. Sodium concentration of pre-packaged foods sold in Hong Kong. Public Health
Nutr. 2020, 23, 2804–2810. [CrossRef]

35. Euromonitor International. Supermarkets in Hong Kong, China: Passport; Euromonitor International: London, UK, 2019.
36. Apple AppStore. Data Collector. 2019. Available online: https://apps.apple.com/hk/app/data-collector/id545847554 (accessed

on 20 November 2020).
37. GS1. GS1 Company Prefix. 2020. Available online: https://www.gs1.org/standards/id-keys/company-prefix (accessed on

18 November 2020).
38. Dunford, E.K.; Neal, B. FoodSwitch and use of crowdsourcing to inform nutrient databases. J. Food Compost. Anal. 2017, 64, 13–17.

[CrossRef]
39. Hong Kong Government. Sweeteners in Food Regulations. 2019. Available online: https://www.elegislation.gov.hk/hk/cap132U

(accessed on 20 November 2020).
40. Bernstein, J.T.; Schermel, A.; Mills, C.M.; L’Abbé, M.R. Total and Free Sugar Content of Canadian Prepackaged Foods and

Beverages. Nutrients 2016, 8, 582. [CrossRef]
41. Conceição, M.M.; Fernandes, V.J.; Souza, A.G.; Nascimento, T.G.; Aragão, C.F.; Macedo, R.O. Study of thermal degradation of

aspartame and its products of conversion in sweetener using isothermal thermogravimetry and HPLC. Thermochim. Acta 2005,
433, 163–169. [CrossRef]

42. Ng, S.W.; Slining, M.M.; Popkin, B.M. Use of Caloric and Noncaloric Sweeteners in US Consumer Packaged Foods, 2005–2009.
J. Acad. Nutr. Diet 2012, 112, 1828–1834.e1826. [CrossRef]

43. Kamarulzaman, N.H.; Jamal, K.; Vijayan, G.; Jalil, S.M.A. Will Consumers Purchase Stevia as a Sugar Substitute? An Exploratory
Study on Consumer Acceptance. J. Food Prod. Mark. 2014, 20, 122–139. [CrossRef]

44. Sylvetsky, A.C.; Walter, P.J.; Garraffo, H.M.; Robien, K.; Rother, K.I. Widespread sucralose exposure in a randomized clinical trial
in healthy young adults. Am. J. Clin. Nutr. 2017, 105, 820–823. [CrossRef] [PubMed]

45. U.S. Food & Drug Administration. CFR—Code of Federal Regulations Title 21. 2019. Available online: https://www.accessdata.
fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=172.804 (accessed on 20 November 2010).

46. Gov.UK. Food Labelling and Packaging—Food and Drink Warnings. 2020. Available online: https://www.gov.uk/food-labelling-
and-packaging/food-and-drink-warnings (accessed on 20 November 2020).

47. Hong Kong Government. Food and Drug (Composition and Labelling) Regulations (Cap. 132, Section 55). 2016. Available online:
https://www.elegislation.gov.hk/hk/cap132W (accessed on 20 November 2020).

48. Farhat, G.; Dewison, F.; Stevenson, L. Knowledge and perceptions of non-nutritive sweeteners within the UK adult population.
Nutrients 2021, 13, 444. [CrossRef]

49. Mooradian, A.D.; Smith, M.; Tokuda, M. The role of artificial and natural sweeteners in reducing the consumption of table sugar:
A narrative review. Clin. Nutr. ESPEN 2017, 18, 1–8. [CrossRef] [PubMed]

http://doi.org/10.1016/j.physbeh.2015.06.024
http://doi.org/10.3945/jn.111.149617
http://doi.org/10.3945/ajcn.111.026682
http://doi.org/10.4103/0976-500X.85936
http://www.ncbi.nlm.nih.gov/pubmed/22025850
http://doi.org/10.2337/diaspect.25.2.104
http://doi.org/10.1038/ijo.2015.177
http://doi.org/10.1503/cmaj.161390
http://doi.org/10.1016/j.jpeds.2018.01.081
http://doi.org/10.3390/nu11112717
http://doi.org/10.1093/ajcn/nqy381
http://www.ncbi.nlm.nih.gov/pubmed/30997499
http://doi.org/10.1093/nutrit/nuw032
http://www.ncbi.nlm.nih.gov/pubmed/27753624
https://www.fhb.gov.hk/download/press_and_publications/otherinfo/110318_food_supply_faq/e_food_supply_faq.pdf
https://www.fhb.gov.hk/download/press_and_publications/otherinfo/110318_food_supply_faq/e_food_supply_faq.pdf
http://doi.org/10.1017/S1368980020002360
https://apps.apple.com/hk/app/data-collector/id545847554
https://www.gs1.org/standards/id-keys/company-prefix
http://doi.org/10.1016/j.jfca.2017.07.022
https://www.elegislation.gov.hk/hk/cap132U
http://doi.org/10.3390/nu8090582
http://doi.org/10.1016/j.tca.2005.02.019
http://doi.org/10.1016/j.jand.2012.07.009
http://doi.org/10.1080/10454446.2014.921877
http://doi.org/10.3945/ajcn.116.144402
http://www.ncbi.nlm.nih.gov/pubmed/28228424
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=172.804
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=172.804
https://www.gov.uk/food-labelling-and-packaging/food-and-drink-warnings
https://www.gov.uk/food-labelling-and-packaging/food-and-drink-warnings
https://www.elegislation.gov.hk/hk/cap132W
http://doi.org/10.3390/nu13020444
http://doi.org/10.1016/j.clnesp.2017.01.004
http://www.ncbi.nlm.nih.gov/pubmed/29132732


Nutrients 2021, 13, 1861 14 of 14

50. Yang, Q. Gain weight by “going diet?” Artificial sweeteners and the neurobiology of sugar cravings: Neuroscience 2010. Yale J.
Biol. Med. 2010, 83, 101–108.

51. Sylvetsky, A.C.; Rother, K.I. Nonnutritive Sweeteners in Weight Management and Chronic Disease: A Review. Obesity 2018,
26, 635–640. [CrossRef]

52. Liauchonak, I.; Qorri, B.; Dawoud, F.; Riat, Y.; Szewczuk, M.R. Non-nutritive sweeteners and their implications on the develop-
ment of metabolic syndrome. Nutrients 2019, 11, 644. [CrossRef]

53. Treesukosol, Y.; Moran, T.H. Cross-generalization profile to orosensory stimuli of rats conditioned to avoid a high fat/high sugar
diet. Chem. Senses 2018, 43, 181–188. [CrossRef] [PubMed]

54. Booth, D.A. Conditioned satiety in the rat. J. Comp. Physiol. Psychol. 1972, 81, 457–471. [CrossRef] [PubMed]

http://doi.org/10.1002/oby.22139
http://doi.org/10.3390/nu11030644
http://doi.org/10.1093/chemse/bjy005
http://www.ncbi.nlm.nih.gov/pubmed/29401249
http://doi.org/10.1037/h0033692
http://www.ncbi.nlm.nih.gov/pubmed/4649186

	Introduction 
	Materials and Methods 
	Data Source 
	Data Entry and Processing 
	Exclusion Criteria 
	Identification of NNSs/LCSs and Free Sugar Ingredients (FSIs) 
	Data Cleaning and Statistical Analysis 

	Results 
	Types of NNSs and LCSs Used 
	Use of NNSs/LCSs by Food Category 
	Co-Presence of NNSs, LCSs and FSIs 
	Use of NNSs/LCSs by Region of Origin 

	Discussion 
	Conclusions 
	References

