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Abstract
Objective: To quantify total sugar reformulation in Canadian prepackaged foods
and beverages between 2013 and 2017 and identify changes in the nutritional com-
position of the foods and beverages reformulated to be lower in total sugar.
Design: Longitudinal examination of foods and beverages present in both 2013 and
2017 collections of the University of Toronto’s Food Label Information Program
database (n 6628 matched products). The proportion of products with changes
in sugar levels was determined. Wilcoxon signed-rank test was used to examine
changes in sugar levels overall for products lower or higher in sugar and changes
in nutrient composition for products lower in sugar.
Setting: Largest grocery retailers by market share in Canada.
Participants: Canadian prepackaged foods and beverages.
Results: The majority (76·6 %) of products had no change in total sugar content,
12·4 % were reformulated to be lower in sugar and 11·0 % were higher in sugar.
A median sugar reduction of 19·0 % (1·6 g) was seen among products lower in
sugar which was offset by a median 18·0 % (1·5 g) increase among products higher
in sugar. Overall, median levels of energies and other nutrients stayed the same or
decreased among products reformulated to be lower in sugar, the exception was
for starch, which increased.
Conclusions: Limited progress was made to reformulate foods and beverages to be
lower in total sugar between 2013 and 2017. Results from this study identify areas
in the food supply where attention may be needed to avoid unintended
consequences of sugar-focused reformulation in terms of overall nutritional
composition.
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Sugar reformulation

The discourse on sugars (‘sugar’) in foods and diets has
shifted recently in several important ways. First, the past
few years have seen the emergence of global dietary intake
guidelines recommending free or added sugar intakes be
limited to a maximum of 5 % or 10% of energies per day
to limit the risk of associated adverse health outcomes(1–3),
beginning in 2014when theWHO proposed their free sugar
intake guidelines(4). Second, sugar-related food labelling
policies in Canada have also been amended(5,6). In 2015,
the government of Canada proposed sugar-related amend-
ments to the Canadian Nutrition Facts table (NFt)(6) which
were finalised in 2016 and will require a declaration for a
percent daily value, or benchmark, for total sugar, as
well as the grouping of sugar-based ingredients in the

Ingredients List(5) to be implemented by 2022(7). The timing
of these shifts in sugar-related labelling policies and intake
recommendations also coincidewith an increased consumer
interest in reducing sugar intakes(8). According to Tracking
Nutrition Trends 2018, Canada’s longest running nutrition
tracking study, 79% of Canadians reported efforts to
consume less sugar and 72% reported selecting products
because they were low in sugar(8). Unfortunately, Canadian
intakes of sugars have been reported to be high, with esti-
mates of added sugars exceeding recommended maximum
intakes at 11–13% of energies from free sugars(9).

This changing landscape around sugar regulations and
consumer behaviour has the potential to stimulate product
reformulation to improve the nutritional composition of foods
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available in the market place(10,11). An example of this would
be the voluntary removal of trans-fats frommany products in
the food supply after the introduction of amandatory trans-fat
declaration on the NFt in Canada(12,13). Food reformulation
can be described as the improvement of the nutritional com-
position of existing foods, either by reducing the level of
nutrients to limit (e.g. sugar, Na and saturated fats) or bymain-
taining or increasing the level of nutrients to encourage (e.g.
fibre, vitamins and minerals)(14). The reformulation of foods
and beverages has been touted as a ‘best buy’ approach to
achieve desired dietary intakes at the population level(15). It
can equitably benefit the population including those with
low levels of income and health literacy, as it does not require
major behaviour change on the part of the consumer(14,16),
provided that reformulated products are not higher in price.
Furthermore, a recent review of the literature has suggested
that sugar reformulation can reduce sugar intakes and thus
improve health outcomes(17). However, a notable concern
regarding food and beverage reformulation is the potential
for unintended consequences(14), particularly when it comes
to sugar-focused reformulation. Sugars are added to foods
andbeverages as an ingredient because it offers awide variety
of functional properties(18–20). Sugar can be used to enhance
sweetness and flavour, balance tartness, improve preserva-
tion by binding to water and retarding spoilage, improve
mouth-feel and texture, contribute to bulking or volume, pro-
vide fuel for yeast growth, improve browning capabilities,
control moisture, prevent crystallisation and balance
freezing-points(18–20). Because of these qualities, various
ingredients may be needed to replace the functional proper-
ties provided by sugar during reformulation whichmay affect
the levels of energies and other nutrients in a direction incon-
sistent with improving the nutritional quality of a product.

Other countries, such as the UK, are attempting to
reduce the level of sugars in the food supply through formal
sugar reduction strategies, which include reformulation,
but also the introduction of new products(21). The UK pro-
gramme aimed to reduce sugar levels in a range of products
that are important contributors to children’s sugar intakes
by 20 % by the year 2020. The programme aimed for a
5 % reduction in the first year, which was not met(22) and
there was only an overall 2·9 % reduction in average sugar
content between 2015 and 2018(23). Canada does not have a
formal strategy in place to reduce the levels of sugar in the
food supply. The rates of sugar-related reformulation in
foods and beverages in Canada have yet to be examined,
nor have the changes in nutritional composition that
accompany reformulation of foods and beverages to be
lower in sugar been studied. This study aimed to quantify
the rates of reformulation, or changes to the composition of
existing products, that result in changes to sugar contents in
matched Canadian prepackaged foods and beverages
appearing in both 2013 and 2017 and to identify the result-
ant changes in the nutritional composition of the foods and
beverages that have been lowered in sugar.

Methods

Food and beverage data
This study was a longitudinal examination of food and bev-
erage products over time. The University of Toronto’s Food
Label Information Program (FLIP) 2013 and FLIP 2017 data-
bases were used. The FLIP database is a branded food com-
position database that includes information on nutrient
contents, Ingredient Lists, company, brand, price, container
size, nutrition marketing and Universal Product Code for
prepackaged foods and beverages collected from the larg-
est grocery retailers by market share in Canada. An existing
taxonomy was used to categorise FLIP products into sugar-
focused major food categories to ensure comparisons of
like products (Table 1)(24). The analyses were limited to
‘matched’ products (n 6781), meaning products that were
available in both FLIP 2013 and FLIP 2017 databases.
Matches were identified using Universal Product Codes
and were confirmed through the product names and
descriptions.

Nutritional composition
Nutritional composition was obtained from the NFt.
Matches with missing nutritional data in one or both time
points (n 44) and products in which a manufacturer error
in nutrient declaration was suspected were excluded from
the analyses. Errors in manufacturer nutrient declarations
were identified by either comparing declared energy con-
tents with energy contents calculated using Atwater factors
(>20 % difference was considered an ‘error’) (n 94) or if the
declared sugar levels exceeded the declared carbohydrate
levels (n 6). In addition, there has been a notable concern
that the bulk lost from sugar may result in bulk of other
ingredients increasing and potentially resulting in higher
levels of refined starch(25). However, there is no mandatory
declaration of starch content on the NFt in Canada(26). Thus,
an approximation of starch content was determined
through a calculation in which total sugar and fibre were
subtracted from total carbohydrates, as declared on the
NFt. In cases where this resulted in a negative value
(n 30), likely due to the rounding of declared values
according to the regulations outlined in the Food and
Drugs Regulations(26), the value was rounded to zero. If
the negative value was >1 g, then the product was
excluded, based on the suspicion of an error in manufac-
turer declaration (n 9). Overall, 6628 products were
included in this analysis. Nutrient contents were analysed
based on a standardised serving of 100 g or 100 ml.
Conversions fromweight to volume or vice versawere con-
ducted for some products using density values from the
Canadian Nutrient File to ensure that all products within
a food category were analysed in the same units. Results
for beverages and desserts are presented per 100 ml, the
remaining categories are presented per 100 g.
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Data analysis
The proportion of matched products that had no change,
increases or decreases in total sugar levels (g per 100 g
or 100 ml) were determined by subtracting the sugar level

(per 100 g or 100 ml) of the 2013 version of a product from
the 2017 version of that same product. Wilcoxon
signed-rank tests, the non-parametric equivalent of paired-
samples t tests, were used to determine the statistical signifi-
cance of any changes over time. Items with changes in
sugar levels were further subdivided into those that had
an increase or a decrease in sugar between 2013 and
2017. Descriptive statistics were used to describe changes
in sugar levels in absolute (g per 100 g or 100 ml) as well as
relative values (% change from 2013) for these products.
The relative change in sugar levels for products with
increases or decreases in sugar was determined by dividing
the change in sugar contents over time by the sugar levels
in the 2013 version of the product. Among products with
decreases in sugar levels from 2013 to 2017, changes in
nutritional composition (i.e. energies, total fat, saturated
fats, Na, carbohydrates, starch, fibre and protein) were
examined using descriptive statistics in absolute as well
as relative values (% change from 2013) and Wilcoxon
signed-rank tests. These nutrients represent those that
are plausible replacements for sugar either for their contri-
bution to bulk or flavour. All analyses were conducted
overall as well as stratified by major food groups. Only
those food groups with significant decreases in sugar were
examined for statistically significant changes in nutritional
composition. P-values <0·05 were considered statistically
significant. Analyseswere conducted using SAS version 9.4.

Results

Changes in sugar contents
Of the products included in this analysis (n 6628), most
(76·6 %) did not undergo changes in sugar levels, 12·4 %
had a decrease in total sugar and 11·0 % had an increase
in total sugar contents between 2013 and 2017 (Fig. 1).
Overall, there was a mean change in sugar levels of
0 ± 2·1 g (Fig. 1) with a median change of 0 g per 100 g
or 100 ml. Six of the seventeen major food categories
had significant changes in mean sugar levels with five of
them being significantly less. Beverages had the highest
proportion of products with a decrease in sugar (22·2 %)
followed by desserts (20·3 %) (Fig. 1). For example, the
types of beverages with the highest proportion of products
reduced in sugar were sports drinks (64 %), hot beverages
(e.g. coffee, tea and cocoa) (38 %), vegetable drinks (27 %),
soft drinks (25 %) and fruit drinks (23 %). Sugars and sweets
had the highest proportion of products with an increase in
sugar (17·6 %), followed by sauces and dips (17·2 %)
(Fig. 1). The categories with significant decreases in mean
sugar levels (i.e. beverages, cereals and grains, desserts,
fish and seafood and vegetables) also had a higher propor-
tion of products with a decrease rather than an increase in
sugar contents (Fig. 1).

The median decrease in sugar levels among products
reformulated to be lower in sugar (n 823, 12·4 %) was

Table 1 Major food and beverage categories used in this study and
examples of products included in each

Major food
category Examples of food and beverages

Bakery Baked breakfast (e.g. croissants, pancakes,
waffles, scones), baked desserts (e.g. brownies,
doughnuts, pastries, sweet buns), bread
products (e.g. bagels, bread, English muffins,
flatbreads, muffins, rolls), cake (cakes,
cheesecakes, snack cakes), cereal and granola
bars, cookies, doughs, pies, tarts, cobblers.

Beverages Dairy and alternatives (e.g. drinkable yogurts,
milk, plant-based milk, smoothies), energy
drinks, fruit juice, fruit drinks, hot beverages
(e.g. coffee, tea, cocoa), soft drinks, sports
drinks, vegetable drinks, water.

Cereals and
grains

Hot breakfast cereals, ready-to-eat cereals,
flours, grains.

Dairy and alt. Cheese (e.g. cottage cheese, cream cheese, soft
cheese, hard cheese), condensed milk,
evaporated milk, sour cream, yogurt.

Desserts Custard, gelatin, mousse, pudding, frozen
desserts (e.g. ice cream, ice pops, sherbet,
sorbet, sundaes, frozen dessert sandwiches/
bars/cones), dessert toppings and fillings (e.g.
icing, frosting, pie fillings).

Fats and
vinegars

Butter, margarine, oil, mayonnaise, salad
dressing, vinegar.

Fish and
seafood

Marine and freshwater animals.

Fruits Canned fruit, dried fruit, frozen fruit, fruit sauces,
fresh and frozen fruit.

Meat, eggs
and alt.

Meat, poultry, deli meats, bacon, eggs and egg
substitutes, meat substitutes (e.g. tofu,
tempeh, analogues).

Mixed dishes Baked and refried beans, canned chili, pizza and
frozen sandwiches, potato dishes (e.g. fried,
mashed potatoes, scalloped potatoes), prepared
salads, refrigerated and frozen meals and
appetizers, shelf-stable grain-based dishes (e.g.
pasta with sauce, flavoured rice, stuffing).

Nuts and
seeds

nut and seeds (not for snacking), nut and seed
butters, nut and seed flours.

Other foods Miscellaneous baking items (e.g. yeast, baking
soda), seasonings, breading mix.

Sauces and
dips

Condiments (e.g. barbecue sauce, ketchup,
mustard), dips (e.g. hummus, salsa), sauces
(e.g. gravy, marinades, curry pastes, soya
sauce, tomato sauce, white sauce).

Snacks Chips, snack mixes, extruded snacks (e.g.
cheese puffs), fruit snacks (e.g. fruit leather),
meat snacks (e.g. jerky, meat sticks), nuts and
seeds for snacking, popcorn, pretzels.

Soups Bouillon, broth, canned condensed soups, dry
mix soups, fresh and instant noodle soups,
ready-to-serve soups.

Sugars and
sweets

Confectionery (e.g. baking candies, mints,
licorice, jelly beans, chocolate, candy bars,
marshmallows), sugar, sweet condiments (e.g.
chocolate spread, fruit preserves, honey,
molasses, syrups).

Vegetables Canned vegetables and legumes, dried legumes,
fresh and frozen vegetables, vegetable pastes
(e.g. tomato paste, herb pastes), pickled
vegetables.
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1·6 g per 100 g or 100 ml, or amedian decrease of 19 % from
2013 (Table 2). The magnitude of change differed bymajor
food category (Table 2), with some of the largest absolute
decreases seen in fats and vinegars, other foods and sugars
and sweets. The median increase in sugar levels among
products reformulated to be higher in sugar (n 730,
11·0 %) was 1·5 g per 100 g or 100 ml or a median increase
of 18 % from 2013 (Table 3). The magnitude of change

differed by major food category (Table 3), with some of
the largest absolute increases also seen in fats and
vinegars, other foods and sugars and sweets.

Changes in nutrient contents among reduced
sugar products
Among the products that had decreases in sugar levels,
there was a significant difference in energies, total fats,

12·2 %
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Fig. 1 Mean values and standard deviations change in sugar content and proportion of products that had a decrease, no change, or
increase in sugar content between 2013 and 2017, overall and by major food category (n 6628). Difference in sugar content deter-
mined by dividing the difference in sugar contents between 2013 and 2017 as a proportion of 2013 sugar levels. Significance deter-
minedwithWilcoxon signed-rank tests. *P< 0·05, **P< 0·01, ***P< 0·0001. Alt., Alternatives. , Decrease; , no change; , increase

Table 2 Change in total sugar content (g per 100 g or 100ml and% change) for the subgroup of products that had a decrease in sugar content
between 2013 and 2017, overall and by major food category (n 823)

Major food category

Decrease in sugar content (g per 100 g or 100ml) % Decrease in sugar content*

P-value†n Mean SD Min 25th 50th 75th Max Mean SD Min 25th 50th 75th Max

Bakery 115 –4·1 3·6 0·0 –1·6 –2·9 –5·4 –17·1 –29 30 0 –7 –17 –33 –100 <0·0001
Beverages (ml) 140 –1·4 1·7 0·0 –0·4 –0·8 –2·0 –10·7 –15 21 0 –4 –8 –18 –100 <0·0001
Cereals and grains 57 –2·3 1·7 –0·1 –1·2 –1·7 –3·4 –7·4 –34 29 –1 –14 –33 –33 –100 <0·0001
Dairy and alt. 37 –2·4 4·4 0·0 –1·0 –1·6 –2·9 –27·7 –31 32 0 –10 –23 –29 –100 <0·0001
Desserts (ml) 78 –2·4 1·7 0·0 –1·0 –2·0 –3·3 –9·3 –10 7 0 –5 –7 –13 –35 <0·0001
Fats and vinegars 14 –6·4 2·5 –1·0 –6·1 –6·3 –6·7 –13·4 –55 32 –13 –33 –42 –100 –100 0·0001
Fish and seafood 19 –1·7 1·1 0·0 –0·9 –1·7 –2·7 –4·0 –59 35 –2 –27 –60 –100 –100 <0·0001
Fruits 27 –2·2 1·8 –0·6 –0·8 –1·5 –2·9 –6·7 –15 12 –4 –6 –12 –19 –50 <0·0001
Meat, eggs and alt. 34 –1·5 0·7 –0·2 –1·0 –1·2 –1·8 –3·5 –74 34 –5 –50 –100 –100 –100 <0·0001
Mixed dishes 81 –1·2 1·3 0·0 –0·4 –0·9 –1·4 –7·9 –31 25 –1 –14 –25 –33 –100 <0·0001
Nuts and seeds 2 –0·5 0·0 –0·5 –0·5 –0·5 –0·5 –0·5 –7 0 –7 –7 –7 –7 –7 0·5000
Other foods 5 –7·7 5·2 –1·6 –3·3 –8·3 –11·4 –13·9 –71 43 –5 –50 –100 –100 –100 0·0625
Sauces and dips 58 –3·2 3·6 –0·3 –1·3 –1·7 –3·3 –16·7 –30 26 –2 –13 –21 –44 –100 <0·0001
Snacks 24 –2·6 2·6 –0·5 –1·3 –2 –2·5 –12·5 –33 25 –1 –18 –29 –46 –100 <0·0001
Soups 33 –1·4 1·4 –0·4 –0·8 –0·8 –1·5 –5·6 –44 29 –4 –25 –38 –50 –100 <0·0001
Sugars and sweets 38 –4·9 3·8 –0·4 –3·3 –4·7 –5·1 –19·1 –10 7 –1 –6 –8 –13 –28 <0·0001
Vegetables 61 –2·1 2·6 –0·1 –0·8 –1·4 –2·7 –14·3 –44 31 –2 –20 –36 –50 –100 <0·0001
Overall 823 –2·5 2·8 0·0 –0·8 –1·6 –3·3 –27·7 –29 30 0 –7 –19 –35 –100 <0·0001

Alt., alternatives; Min, minimum; Max, maximum.
*Percent change in sugar content determined by dividing the difference in sugar contents between 2013 and 2017 as a proportion of 2013 sugar levels.
†Significance determined using Wilcoxon signed-rank tests.
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saturated fats, Na, carbohydrates and starches. There was a
median change of 0 kJ or g for energies, total fats and satu-
rated fats, a median decrease of 0·4 mg for Na, 0·4 g for car-
bohydrates and a median increase of 0·8 g starch per 100 g
or 100 ml. No significant differences were seen in fibre and
protein levels (Table 4). Changes in nutrient contents var-
ied by major food category for all the major food categories
identified in Table 2 as having a significant reduction in
sugar contents (Supplemental Table 1). For all the major
food categories with a significant change in energies
(n 9/15), the median change was either 0 kJ or a decrease
in energy levels of 2·6104 to 49·3712 kJ (0·6 to 11·8 kcal)
per 100 g/ml. Most categories did not have significant

changes in total fats or saturated fat levels. Eight categories
had significant changes in median Na levels, of which
seven were decreases ranging from 0·2 to 136·9 mg per
100 g or ml. Eight categories had significant changes in
median carbohydrate levels, all of which were decreases,
ranging from 0·4 to 6 g per 100 g orml. Almost all categories
(n 13/15) had significant differences inmedian starch levels
with most being increases ranging from 0·6 to 2·9 g per
100 g or ml (Supplemental Table 1). Although there was
no significant change in fibre and protein levels overall
(Table 4), there were specific food categories in which
there were significant changes in these nutrients, although
the median change was 0 g per 100 g.

Table 3 Change in total sugar content (g per 100 g or 100ml and% change) for the subgroup of products that had an increase in sugar content
between 2013 and 2017, overall and by major food category (n 730)

Major food category

Increase in sugar content (g per 100 g or 100ml) % Increase in sugar content*

P-value†n Mean SD Min 25th 50th 75th Max Mean SD Min 25th 50th 75th Max

Bakery 137 3·6 3·1 0·0 1·6 2·5 4·3 18·9 28 31 1 9 17 33 200 <0·0001
Beverages (ml) 55 1·2 2·7 0·1 0·3 0·4 0·9 16·7 11 11 0 3 9 17 60 <0·0001
Cereals and grains 18 2·0 1·6 0·2 1·1 1·5 2·4 7·3 35 29 1 15 32 50 100 <0·0001
Dairy and alt. 33 2·3 2·0 0·6 1·0 1·6 3·3 9·0 46 50 5 13 20 82 225 <0·0001
Desserts (ml) 36 3·3 4·6 0·8 1·0 1·6 3·3 20·0 14 11 5 6 10 16 50 <0·0001
Fats and vinegars 11 7·0 2·1 6·3 6·3 6·3 6·7 13·3 51 35 20 27 42 75 100 0·0010
Fish and seafood 9 1·2 1·1 0·0 0·7 0·7 1·1 3·6 54 44 1 7 58 96 104 0·0039
Fruits 26 4·0 6·2 0·0 1·3 1·5 3·0 22·5 20 16 0 9 17 22 60 <0·0001
Meat, eggs and alt. 33 2·3 2·5 0·1 0·8 1·6 3·3 14·3 67 47 5 30 53 100 200 <0·0001
Mixed dishes 99 1·4 1·1 0·0 0·4 1·0 1·5 7·3 60 57 0 25 50 100 300 <0·0001
Nuts and seeds 2 4·8 3·2 2·5 2·5 4·8 7·1 7·1 113 . 113 113 113 113 113 0·5000
Other foods 7 7·7 5·0 1·7 3·3 5·6 14·1 14·3 60 24 33 50 50 77 100 0·0156
Sauces and dips 101 3·1 4·5 0·0 0·0 1·5 3·3 20·8 23 32 0 0 11 33 140 <0·0001
Snacks 16 5·1 3·9 0·5 2·0 5·0 7·3 15·0 63 44 17 26 50 100 150 <0·0001
Soups 41 3·5 6·5 0·0 0·4 0·8 2·3 29·4 58 59 0 0 43 100 233 <0·0001
Sugars and sweets 55 6·2 5·6 0·1 2·4 5·0 10·0 27·5 15 19 0 5 9 19 100 <0·0001
Vegetables 51 1·0 1·2 0·0 0·0 0·8 1·4 6·7 42 47 0 0 26 100 150 <0·0001
Overall 730 3·0 4·0 0·0 0·8 1·5 3·3 29·4 35 42 0 7 18 50 300 <0·0001

Alt., alternatives; Min, minimum; Max, maximum.
*Percent change in sugar content determined by dividing the difference in sugar content between 2013 and 2017 as a proportion of 2013 sugar levels.
†P-value determined using Wilcoxon signed-rank tests.

Table 4 Change in nutrient contents (absolute and% change) among products with reductions in total sugar content between 2013 and 2017
(n 823)

Nutrient

Absolute change (per 100 g or 100ml) Percent change (%)*

P-value†Mean SD Min 25th 50th 75th Max Mean SD Min 25th 50th 75th Max

Sugars (g) –2·5 2·8 0 –0·8 –1·6 –3·3 –27·7 –29 30 0 –7 –19 –35 –100 <0·0001
Energies (kcal)‡ –5·1 20·3 –104·2 –11·8 0 0 134·2 –3 12 –100 –8 0 0 100 <0·0001
Total fat (g) –0·1 1·8 –14·7 –0·1 0 0 14 1 36 –100 –10 0 4 300 0·0231
Saturated fats (g) 0 1·3 –10 0 0 0 16·7 1 46 –100 –17 0 2 250 0·0372
Na (mg) –34·7 184·1 –2916·7 –36·4 –0·4 3·4 900 4 135 –100 –21 –4 2 2367 <0·0001
Carbohydrates (g) –0·8 3·4 –22·9 –2 –0·4 0 16·7 –5 18 –100 –10 –2 0 100 <0·0001
Starch (g) 1·6 4 –17·6 0 0·8 3 27·8 27 103 –100 –4 5 29 1200 <0·0001
Fibre (g) 0·1 1·3 –10 0 0 0 13·3 –1 47 –100 –7 0 0 300 0·4242
Protein (g) 0 1·3 –9 –0·1 0 0 8·4 2 40 –100 –6 0 0 400 0·1302

Min, minimum; Max, maximum.
*Percent change in energy and nutrient contents determined by dividing the difference between 2013 and 2017 levels as a proportion of 2013 levels.
†Significance determined using Wilcoxon signed-rank tests.
‡To convert energy values from kcal to kJ, multiply it by 4·184.
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Discussion

This was the first study, to our knowledge, to assess the
reformulation of sugar contents over time and to describe
the nutritional compositional changes that accompanied
decreases in sugar contents. The results suggest that there
has been limited progress towards lowering sugar contents
among Canadian prepackaged foods and beverages.
Unfortunately, it appears that products reformulated to
be lower in sugar are not consistently lower in energies
due to an increase in starch.

First, the findings of this study demonstrate that little
progress has been made towards lowering sugar contents
in prepackaged foods and beverages between 2013 and
2017, with the majority of products having no change in
sugar levels during that time. Although there were some
products with reduced sugar, this reduction appeared to
be offset with increased sugar contents in other products
in the category. Despite the recent recommendations to limit
intakes of free or added sugar(1–3) and an increased interest
byCanadians to reduce their sugar consumption(8), 11·0 %of
products examined in this study had increased sugar levels
during this time period. As a result, the changes in sugar con-
tents of foods and beverages available in the Canadian food
supply in both 2013 and 2017 were negligible.

Results also suggest that reducing the sugar contents of
foods and beverages is plausible in many circumstances,
based on the changes to sugar levels observed. All major
food categories had products reformulated to be lower in
sugar, demonstrating that reducing sugar contents can be
donewithout sacrificing safety or quality. Overall, amedian
reduction of 19 % was seen in products that were reformu-
lated to be lower in sugar.Beverages and dessertsmay espe-
cially lend themselves well to having lower sugar levels, as
more than 20 % of products within these categories had
decreased sugar levels between 2013 and 2017. Although
there are several technological issues faced during refor-
mulation in order to reduce sugar levels, it is generally
accepted that sugar can be more easily removed from
liquid sources because the bulk lost from sugar can be
replaced with water, which may explain why sugar refor-
mulation was most prevalent among beverages.

On the other hand, findings also indicate that some
food types were less likely to be reformulated to have
lower sugar levels. Three major food categories, fats and
vinegars, nuts and seeds and other foods, had a lower pro-
portion of products with reductions in sugar (<5 %) as well
as a lower proportion of products with increases in sugar,
likely as a result of the limited sugar content inherent in the
formulation of these products. The changes in sugar con-
tents in these categories, when seen, were almost exclu-
sively a result of the reformulation of salad dressings in
fats and vinegars, peanut butters in nuts and seeds and
seasoning mixes and bread crumbs in other foods.

Most food categories had some foods that achieved
100 % reduction in sugar content, although 84 % of them
contained<1 g sugar per 100 g or 100 ml. For desserts, fruits
and sugars and sweets, the maximum reductions were 35,
50 and 28 %, respectively, indicating that it was likely not
feasible or possible to reduce the level of sugar by
100 %, either because naturally occurring sugar are present
from fruit or dairy (in ice cream, for example), or because
sugar is a major component of the product (e.g. sugars and
sweets). Sugar-free products do exist in desserts and sugars
and sweets categories, as identified in other analyses of the
Canadian food supply(24); however, they likely were not
introduced through reformulation but rather through the
introduction of new products.

As sugar-containing ingredients are removed from the
product, other ingredients may be added or alternatively
the proportions of the remaining ingredients can be
increased to replace the volume lost. Examining this has
allowed us to understand the changes in nutrient contents
that accompanied actual reductions in sugar in Canadian
foods. Such analyses can be informative as to the potential
nutrition-related consequences that can accompany such
reformulation efforts. The association between excess con-
sumption of sugar and increased risk of obesity, diabetes
and CVD is thought to be mediated at least in part through
the caloric contribution of sugar(27–30). Thus, the reduction
of sugar content should be carried out with the aim of
achieving a subsequent decrease in energies, or at the least,
avoiding an increase in energies whenever possible(21).

This study found that energies were lower among sugar-
reduced products by an average of 21·7568 kJ (5·2 kcal)
but a median of 0 kJ (0 kcal) per 100 g or 100 ml. There
were also instances in which reduced sugar products had
increased energy contents, which would be counter-
productive to the health benefits associated with limiting
energy intakes. Thus, on average, sugar were reduced by
2·5 g per 100 g or ml, the equivalent of 41·84 kJ (10 kcal)
(2·5 g sugar × 16·736 kJ/g); however, this is twice the aver-
age reduction in energies seen in sugar-reduced products,
indicating that reductions in sugar have been offset by
increases in other energy-contributing nutrients. Analyses
of the nutritional composition of the foods that were lower
in sugar indicate that the reduction in sugar was at least par-
tially being offset with an increase in starch. Starch content
increased in almost all major food categories examined.
Further investigation identified that for 14·7 % of the
reduced-sugar products, all of the sugar taken out was
replaced by starches as the starch content increased by
the same amount that the sugar content decreased (data
not shown). This relationship is a concern with sugar refor-
mulation because there is no difference in energy density
between sugar and refined starches(25).

Notably, an existing body of literature has examined the
relationship between intakes of sugar and fats, and in
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general has found that decreasing intakes of fats is related
to increasing intakes of sugar and vice-versa(31). Although
the current study did not look at intakes, little evidence of
this ‘sugar-fat see-saw’(31) was present at the level of the
food supply. Among products with reduced sugar contents,
the average and median levels of total fats were either
unchanged or reduced, with only a couple categories hav-
ing an average increase (e.g. fish and seafood and sugars
and sweets). However, each category had examples of
products in which the fat content was increased in sugar
reduced products. This indicates that whether the nutrient
changes are favourable or unfavourable overall, there is
variation within a category which highlights the potential
for changes to continue in either direction, should a greater
proportion of products be reformulated. If a systematic
reformulation strategy were to be adopted in Canada or
elsewhere, it would therefore be important to outline
how best to reformulate foods from different major food
categories in a way that aligns with current public health
nutrition directions (e.g. lower energies, saturated fats,
sugar and higher levels of fibre). For example, as part of
the UK’s sugar reduction strategy, recommendations were
made to help industry achieve the 20 % sugar reduction tar-
gets with instructions that reductions to energies should be
made whenever possible(21).

The ingredients used to replace sugar may at least
partially explain the relationships between sugar and
other nutrients in the lower sugar reformulated foods.
Interestingly, the reductions in sugar seen in this analysis
were not a result of replacing sugar with low/no-energy
sweeteners. In fact, very few sugar-reduced products
(n 4, 0·5 %) were found to have added low/no-energy
sweeteners in the ingredient lists between 2013 and
2017, and in fact, four products that were reduced in sugar
had low/no-energy sweeteners removed from the product
during that time frame (data not shown). However, as there
is nomandatory declaration of the quantity of ingredients in
a food in Canada, it is virtually impossible to determine
changes in the proportion of each ingredient added to a
product unless the order of the ingredients listed changed
as well(32). A thorough examination of the changes to the
formulation of a product, beyond that which could be
identified by examining the nutritional composition or
Ingredient list, was not possible with the labelling informa-
tion available in Canada.

This study only examined differences in total sugar, not
other types of sugar. Free sugars or added sugars are the
sugars that have been removed from their naturally occur-
ring source, while intrinsic sugars remain in their naturally
occurring source (e.g. in fruits, vegetables, naturally occur-
ring in dairy)(19). Thus, unless a whole source ingredient of
intrinsic sugar was removed or reduced, the reductions are
likely to be a result of changes in free or added sugar.

There are several limitations of this study. First, any
products that appear in both FLIP 2013 and 2017 that did
not have identical Universal Product Codes were not

captured in these analyses. Thus, if the manufacturer
changed the Universal Product Codes for a product
between 2013 and 2017, the match would not have been
identified or examined in this study. Second, differences
in nutrient contents for products may be magnified when
standardising the nutrient contents per 100 g or 100 ml.
For example, a product with a serving size of 5 g could have
had a change of as little as 0·1 g of sugar (from 0·5 to 0·4 g)
between 2013 and 2017, but upon rounding is presented on
the NFt as 1 g of sugar in 2013 and 0 g sugar in 2017 to com-
ply with rounding rules set out in the Canadian Food and
Drug Regulations(33). Per 100 g, this is 20 and 0 g for the
2013 and 2017 versions of a product, respectively, and con-
sidered a 20 g difference rather than the actual 2 g differ-
ence. Such discrepancy is particularly exacerbated for
foods with smaller serving sizes. On the other hand, for
foods with large serving sizes, relatively large absolute
reductions can result in a small decrease in amount of sugar
when examined per 100 g or 100 ml. Third, the current
study only evaluated changes in nutritional composition
of products identified in both collections of the FLIP data-
base. There may be overall changes in sugar contents in the
prepackaged food supply due to the introduction of new
products and removal of products from the marketplace,
which were not captured in this analysis. Lastly, this analy-
sis examined all foods and beverages that were available in
both the 2013 and 2017 collections of the FLIP database,
and the findings have not been weighted according to
sales. It is feasible that products with different levels of sug-
ars reformulation are purchased more or less often and
therefore could have differential impacts on intakes than
could be observed in this study.

Conclusion

Importantly, this study provides insights into the nature of
sugar reformulation efforts in the Canadian food supply by
characterising the compositional changes associated with
sugar reductions. This information is critical to both inform-
ing policy efforts to reduce sugar in the prepackaged food
supply and monitoring progress in this regard. These data
provide the first assessment of the rates of sugar-focused
reformulation that took place in the Canadian prepackaged
food supply between 2013 and 2017. The results show that
limited progress towards reducing sugar levels through
reformulation has been made. Limited efforts to lower
sugar levels in Canadian foods through industry-led volun-
tary reformulation suggest that there may be a need for a
more systematic approach; for instance, an approach
similar to the government-led Na reduction strategies in
Canada(34) and other countries or the recently introduced
sugar reduction strategy in the UK(35). The wide range of
sugar content in any given food category, as demonstrated
by earlier research evaluating the FLIP food composition
database(24), combined with the progress observed in this
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study, although limited, shows that foods and beverages
with lower sugar levels are achievable and feasible. Future
efforts to examine new product introduction, sales-
weighted data and the potential to impact sugar intakes
through reductions in portion sizes can further inform
the introduction of a sugar reduction strategy in Canada.

Importantly, this study presents data on the composi-
tional consequences of lowering sugar in foods as manu-
facturers respond to a changing landscape of consumer
demand, regulations and guidelines calling for lowered
sugar intakes. Unfortunately, it appears that products refor-
mulated to be lower in sugar are not consistently lower in
energies due to an increase in starch. In the future,
precautions against the unintended consequences of
sugar-focused reformulation should be taken to ensure that
sugar reduction efforts result in overall improvements to
the nutritional composition of reformulated foods and
beverages and ultimately to the overall diet quality of
Canadians. This study also produces a baseline measure
to compare future reformulation efforts as sugar-related
labelling changes come into force in Canada(5) and as
dietary recommendations from authoritative health bodies
are further operationalised(1–3).
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