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Although the need to reduce the sugar content of processed

products has been widely acknowledged, progress has been

slow. So far, sugar reduction strategies have been targeted at

minimizing the sensory changes associated with product

reformulation, mainly through the use of non-nutritive

sweeteners. However, emerging evidence has shown that we

may have been following the wrong path by focusing on

reducing sugar while maintaining sweetness. The aim of this

review is to critically discuss sugar reduction strategies in the

light of recent evidence related to consumers’ hedonic

sensitivity to sugar reduction, the potential negative effects of

uncoupling sweet taste from energy load, and the limited

effectiveness of voluntary agreements for sugar reduction. In

addition, the need to adopt a food systems approach that

tackles the incentives and creates disincentives to produce and

commercialize high-sugar products is stressed.
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Introduction
Human beings have an innate preference for sweet taste,

even before birth [1]. The ability of sweet taste to activate

the reward system of the human brain suggests that sweet

foods were beneficial for survival in an environment

characterized by food scarcity [2]. Although the evolu-

tionary role of sweet preference has not been fully eluci-

dated, it has been recently hypothesized that sweetness

can be regarded as an indicator of edibility in plant-based

foods: human beings may rely on the perceptual ratio
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between sweetness (indicator of ripeness) and bitterness

(an indicator of toxicity) to identify safe plant-based foods

[3]. Throughout the history of humankind, the role of

sugars in the diet has been fully dissociated from this

evolutionary origin.

Sugars, defined as monosaccharides and disaccharides, are

naturally present in fruit, vegetables, milk and honey

[4,5]. For thousands of years, human beings consumed

sugars as part of the intact tissue matrix of fruits and

vegetables [4]. The availability and sources of sugars in

the diet markedly increased throughout history, as

humans started to extract sugars, mainly sucrose, from

natural sources to sweeten beverages and culinary pre-

parations [6]. Although sucrose remained a luxury item

restricted to noble classes for several centuries, by the

18th century it became an essential ingredient of the

diet [4]. In the last decades, sugars became obliquitous in

the food environment as the industry became oriented to

the production of processed food, commodity-derived

products primarily composed of refined starch, sugars

and low-quality fat to generate economic profit [7,8].

The increased availability of products with added sugars

paralleled an increase in sugar intake [9].

Added sugars are mostly free from a natural intact matrix

and are, therefore, more accessible to digestive processes

than sugars present in the intact tissues of fruits and

vegetables [4]. From a molecular and physiological per-

spective, added sugars are similar to the sugars present in

honey, fruit juices, fruit juice concentrates, as they are

also free from an intact natural tissue matrix [4,5]. This

similarity has led to the term ‘free sugars’, defined by the

World Health Organization (WHO) as monosaccharides

and disaccharides added during food manufacturing,

preparation and consumption, as well as sugars naturally

present in honey, fruit juices, fruit juice concentrates and

syrups, as they are free from an intact matrix [10].

The increasing contribution of free sugars to the diet

represents a public health problem given their negative

health consequences.

Research has shown that excessive intake of free sugars is

associated with dental caries, obesity, type 2 diabetes,

metabolic syndrome, derangements in serum lipids, car-

diovascular diseases and fatty liver disease [11–14,15��].
In addition, overconsumption of free sugars can lead to

changes in neural systems, altered emotional processing,

anxiety and depression [16]. In order to address the health

burden of excessive free sugars intake, WHO recom-

mends that free sugars should account for less than

10% of the total energy intake of the diet and suggests
www.sciencedirect.com

mailto:rosires.deliza@embrapa.br
https://doi.org/10.1016/j.cofs.2021.01.010
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cofs.2021.01.010&domain=pdf
http://www.sciencedirect.com/science/journal/00000000


Rethinking sugar reduction Deliza, Lima and Ares 59
that a reduction to 5% can provide additional health

benefits [10].

Despite increasing concerns about the negative health

effects of free sugars, intake remains above recommenda-

tions worldwide, particularly among children and adoles-

cents [17,18]. Considering that processed products have

been identified as the major source of total sugar and free

sugars in the diet [19,20], reformulations targeted at

reducing sugar content are one of the several policies

that have been proposed to reduce the intake of free

sugars at the population level [21]. Product reformulation

has been identified as a cost-effective policy that may

have positive health impacts, even if consumers do not

modify their behavior and continue eating their usual

products [22,23]. A recent systematic review reported that

results from both randomized controlled trials and model-

ling studies suggest that reformulation can reduce sugars

intake at the population level and improve health out-

comes [24��].

In this context, the aim of this review is to critically

discuss sugar reduction strategies in the light of recent

evidence.

The default approach for reducing sugar
So far, the default approach for reducing sugar in pro-

cessed products has been targeted at minimizing changes

in their sensory characteristics, that is, reducing sugar

while maintaining sweetness, colour and texture [25�,26].
For this purpose, several strategies have been proposed to

maintain sweetness while reducing sugar content, includ-

ing total or partial replacement of sugar by sweeteners and

bulking agents, the use of cross-modal interactions (fla-

vour-sweet or texture sweet interactions) and non-homo-

geneous distribution of sugar in the food matrix [26].

Among the different roles played by sugar in food

products, sweet taste is the most notable. A large body

of research has focused on the estimation of equivalent

sweet concentrations of non-nutritive sweetener, that is,

the sweetener concentration that provides the same

perceived sweetness as sucrose [25�,26,27]. Temporal

aspects of sweetness perception have also been regarded

as critical for product reformulation, as sweeteners need

to mimic as much as possible the temporal profile of sugar,

that is, the onset, rise and fall of sweetness intensity over

time [26,28,29]. These studies indicate that product

reformulation efforts have been mainly focused on repla-

cing sugar by non-nutritive sweeteners to minimize

changes in sweetness perception.

So far, replacement of sugar by non-nutritive sweeteners

has been the most common approach for sugar reduction

[25�,26]. In 2018, at least 5% of all products commercial-

ized in Australia, Mexico, New Zealand and the United

States contained at least one non-nutritive sweetener
www.sciencedirect.com 
[30]. More recently, Sambra et al. reported that 55.5%

of the processed products commercialized in Chile

contain at least one sweetener as a consequence of the

reformulation programs implemented by the food indus-

try to avoid the ‘High in sugar’ warning sign in the front of

packages [31].

Flavors with modifying properties (FMPs) have recently

emerged as an alternative to non-nutritive sweeteners

[32]. These compounds are used as part of flavoring

systems to modify the flavor profile of foods and bev-

erages [32]. One type of FMPs are positive allosteric

modulators that interact with sweet taste receptors,

enhancing their activity and consequently sweetness

perception [33]. Although FMPs have a different mecha-

nism of action than non-nutritive sweeteners, they still

seek to reduce sugar content while maintaining sweetness

perception.

The perils of not reducing sweetness intensity
In addition to the innate preference for sweet taste,

repeated exposure to foods with high sweetness intensity

may contribute to the formation of preferences as mere

exposure has been identified as the simplest way to

acquire liking for a food [34]. This is particularly relevant

during childhood, as the foods given to a child can have

a significant role in later life eating preferences, and

therefore her/his diet-related health outcomes [35]. Early

exposure to added sugar has been associated with

increased preference for sweetness [36]. In addition,

children with more frequent exposure to sweet and snack

foods have been reported to have a higher sweetness

preference than those with less frequent exposure [37].

Although research on the influence of exposure to sweet-

ness intensity on diet quality in humans is scarce, animal

studies have shown that exposure to sweet taste can have

a deleterious effect on food preferences [38]. These

results suggest that the most obvious peril of reducing

sugar and not sugar intensity is that exposure to inten-

sively sweet foods is not reduced. Consequently, within a

specific product category preference for products with

lower sweetness intensity is not developed. However,

research on the topic is still scarce. Wise et al. reported

that a low-sugar diet alters perceived sweetness [39].

Participants exposed to a low-sugar diet for three months

rated the sweetness of puddings higher than participants

in the control group (with a regular sugar intake), although

pleasantness was not modified [39].

Emerging evidence suggests that exposure to sweetness

uncoupled from sugar may have negative health-related

consequences. Traditionally, the role of sweetness in

eating behavior has mainly considered its innate ability

to generate reward and promote ingestive behavior [2].

However, recent research has shown that sweet taste

plays a key role in regulating the metabolism of carbohy-

drates by triggering a series of anticipatory physiological
Current Opinion in Food Science 2021, 40:58–66
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response [40,41]. The activation of sweet taste receptors

in the oral cavity and extra-oral tissues (such as the gut,

the pancreas and the brain) triggers a series of automatic

and physiological responses implicated in several meta-

bolic processes such as glucose sensing, hormone secre-

tion, glycemic control and glucose homeostasis [41,42].

The activation of sweet receptors without the post-inges-

tive responses of sugars produces an uncoupling of sweet

taste from such post-ingestive responses, which may lead

to metabolic dysregulation [43��]. A growing body of

evidence suggests that uncoupling sweet taste from

energy intake could interfere with learned relationships

between sweet taste and post-ingestive responses, which

may lead to the subsequent development of glucose

intolerance [40–42,43��]. The metabolic response to car-

bohydrate intake seems to depend on the match between

energy load and sweet taste. According to Dalenberg et al.,
consumption of sucralose in the presence of carbohy-

drates interferes with the gut-brain regulation of glucose

metabolism by decreasing insulin sensitivity and brain

responses to sweet taste [44�].

This emerging evidence raises concerns about the long-

term effects of partial replacement of sugar or total

replacement products containing carbohydrates (e.g.,

cookies) and points toward the need to avoid reducing

sugar content while maintaining sweetness intensity.

However, it should be noted that research findings are

not conclusive yet [45,46]. The increasing exposure to

NNS worldwide across all age ranges [47] stresses the

need to urgently conduct further research to obtain an

in-depth knowledge of their neuroendocrine and meta-

bolic effects [45,46].

The safety of non-nutritive sweeteners
Although concerns over the safety of NNS are not new,

consensus has not been reached yet [48�]. According to a

recent systematic review commissioned by WHO to

inform the development of a guideline on NNS use, most

studies conducted with human subjects until 2017 had a

low methodological or reporting quality [48�]. However,

according to the review there was no compelling evidence

that NNS could help people lose weight or improve

health.

Although the WHO guideline has not been published yet,

several recent documents stress the safety of NNS [49].

However, it is worth highlighting that concerns over the

impact of conflict of interests on recommendations

regarding NNS have been recently raised. According

to Mandrioli et al., reviews performed by authors with

financial conflicts of interest with the food industry were

more likely to draw favorable conclusions on the effects of

beverages sweetened with NNS than reviews performed

by authors without conflict of interest [50�]. This stresses
Current Opinion in Food Science 2021, 40:58–66 
the need to conduct further independent research on the

topic.

In addition, emerging evidence suggests that the effects

of non-nutritive sweeteners on the composition of human

gut microbiota deserves further exploration [51]. Studies

carried out on animals have suggested that NNS may alter

gut microbiota and impair glucose control [52]. However,

these findings cannot be directly transferred to humans

[53]. Results of a double-blinded, randomized, crossover

study involving 17 healthy participants suggested that the

consumption of pure aspartame or sucralose in doses

that reflect a typical high consumption for 14 days had

minimal effect on gut microbiota composition and on

short-chain fatty acids production [54]. However, the

14-day intervention period may not be enough to observe

changes in the gut microbiota and do not reflect sustained

daily consumption. In this sense, a recent review [53]

on the effect of NNS on human health, including the

gut microbiome, stresses the need for studies using

well conducted randomized controlled trials with large

number of participants.

A call for gradually reducing sugar content
and sweet taste
The main assumption underlying replacement of sugar by

non-nutritive sweeteners is that consumers would not

accept the products if they perceive a change in their

sensory characteristics. However, this assumption does

not seem to be justified by experimental data. Several

studies show that sugar reductions in the range of 6–11%

are not perceived by consumers [55,56,57�,58,59]. More

importantly, a reduction in sugar content up to 20% does

not seem to trigger a major change in overall liking in both

adults and children [55,56,57�,58–62]. For example,

Velázquez et al. reported no significant changes in chil-

dren’s hedonic perception with sugar reductions up to

27% in chocolate-flavored milk and vanilla yogurt, and up

to 19% in vanilla milk desserts [57�]. Similarly, a reduction

of 30% in added sugar has been reported to cause no

significant change in the overall liking of grape nectars of

children and adults [57�]. These results suggest that the

sugar content of products across many food categories

may not be justified by nutritional, technological or

sensory considerations and that concerns about consumer

rejection of sugar-reduced products are not fully justified.

However, further research evaluating the effect of sugar

reduction on the long-term acceptance of a wider range of

products is still necessary. In particular, it is worth

highlighting that lower sugar reductions may be feasible

in complex products where sugar play several roles apart

from conferring sweetness [26].

Although results of abrupt changes in sugar content

without any replacement may be acceptable for consu-

mers, gradual reduction of sugar may be recommended.

In this approach, sugar is reduced in consecutive steps so
www.sciencedirect.com
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that consumers do not notice any change in the sensory

characteristics of the products [24��]. Once consumers get

adapted to the sugar-reduced product without being

aware of the change, a new reduction step is implemen-

ted. A recent study showed that gradual sugar reduction

was an effective strategy for maintaining children’s

satisfaction with grape nectar, leading to small changes

in their sensory and hedonic perception [63�]. Despite the

practical challenges associated with gradual reduction

strategies, their main advantage is that the regular con-

sumers of the brand do not notice changes in the product

and therefore the risk of switching brands is minimized.

In addition, if these regular consumers taste products

from brands which are not engaged in a gradual sugar

reduction program, they may notice them too sweet [39].

Finally, gradual sugar reduction has the potential to shift

sweet preferences within a category towards lower sugar

content through repeated exposure. However, further

research on the topic is needed.

The need for mandatory sugar reduction
programs
Although gradual salt reduction programs have proven

to be effective by setting incremental targets within

specified timeframes, gradual sugar reduction programs

have not been widely extended worldwide yet [23,24��].
However, a couple of examples deserve to be mentioned.

In 2015, Public Health England launched a gradual sugar

reduction program aimed at reducing 20% children’s

intake by 2020 [64]. In 2018, Brazil signed an agreement

with food industry to reduce the consumption of 144 thou-

sand tons of sugar by 2022. The voluntary sugar reduction

would be carried out gradually and without replacement

by sweeteners, fats, or bulking agents in 23 food catego-

ries, divided into five groups: cookies, sugar-sweetened

beverages, sponge cakes, cake mix and dairy products. A

total of 68 food industries joined the voluntary agreement,

representing 87% of food and beverage market in the

country [65].

However, relying exclusively on the commitment of the

food industry to reduce sugar consumption will likely not

be enough to achieve the required reduction in sugar

intake [24��]. Voluntary agreements between the food

industry and governments have been repeatedly reported

to be ineffective [66,67]. In this sense, the latest progress

report of the UK sugar reduction program indicates that

the overall reduction in sugar content achieved between

2015 and 2019 was 3%, suggesting that the 20% target set

for 2020 will be difficult to achieve [68]. Large category

differences were found: the largest reduction in sugar

content were found for breakfast cereals (�13.3%) and

yogurt (�12.9%).

The modest achievements of voluntary sugar reduction

programs can be explained by the lack of incentives to

reduce sugar given its low cost and versatility, as well as
www.sciencedirect.com 
disincentives increasing consumer concerns about the use

of non-nutritive sweetners [69]. For this reason, further

governmental action is needed to achieve a substantial

decrease in the sugar content across of products through-

out the food assortment. In this sense, responsive regula-

tory approaches may contribute to guiding industry

behavior and improving the performance of food

reformulation initiatives [70�]. According to this approach,

governments can implement voluntary sugar reduction

programs that progress to mandatory if the industry fails

to cooperate. The threat of mandatory standards creates

incentives for the food industry to engage in voluntary

sugar reduction programs [70�].

A food systems approach for reducing sugar
intake
From a public health perspective, additional policies are

needed to reduce sugar intake [21]. A food systems

approach that tackles the incentives and creates disincen-

tives to produce and commercialize high-sugar products is

necessary to achieve healthier and more sustainable

diets [69]. In this sense, three policies deserve special

consideration given their synergic effect with product

reformulation: front-of-package nutrition labelling, taxes

and marketing regulations (Figure 1).

Providing simplified information about sugar content in

the front of packages is one of the strategies that can be

implemented to discourage consumers from choosing

products with high sugar content [21]. Several front-of-

package nutrition labelling schemes have been devel-

oped worldwide, which differ in the type of information

they provide, that is, they can highlight products with

high sugar content (e.g., nutritional warnings), low sugar
Current Opinion in Food Science 2021, 40:58–66
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content (e.g., health logos) or both (e.g., traffic-light

system) [71]. According to a recent study, highlighting

products with high sugar content may be more efficient

than highlighting products with low sugar content at

encouraging consumers to select products with low sugar

content [72�]. Nutritional warnings highlighting products

with high sugar content have the potential to make the

negative health consequences of sugar consumption more

salient in consumers’ mind, creating a salience bias that

may discourage them for choosing products high in sugar

[72�,73�]. This front-of-package nutrition labelling

scheme has been recently reported to have advantages

over other schemes that highlight both positive and

negative aspects of the nutritional composition of the

products, such as the traffic-light system, Nutriscore or

Health-star rating, in terms of improving understanding

of. nutritional information and reducing purchase inten-

tion of products with high content of sugar, fat and sodium

[74–77]. The implementation of nutritional warnings in

Chile has been associated with 27.5% decrease in the

purchase of sugar-sweetened beverages [78]. However,

it is worth highlighting that the isolated effect of the

warnings cannot be estimated since the Chilean law

also simultaneously implemented restrictions on adver-

tisement of energy-dense products with high content of

sugar, saturated fat and sodium.

The recent front-of-package nutrition labelling regula-

tion approved by the Mexican establishes that products

deemed excessive in sugar, saturated fat, trans fat and

sodium should feature black octagonal signs with the

expression ‘Excess’ on the front-of-package [79]. In addi-

tion, it requires products with NNS to include a warning

sign with the legend “Contains sweeteners - not recom-

mended for children” [79]. This provision is expected to

disincentivize substitution of sugar by NNS, particularly

in products targeted at children, and is expected to have

an impact on the reformulation efforts of the food indus-

try. Comparison of the changes in the sugar content of

processed products and sugar intake at the population

level triggered by Chilean and Mexican regulations will

provide relevant insights for policy making.

Sugar sweetened beverages (SSBs) are one of the main

sources of added sugar in the diet worldwide. Over the

years, the price adjusted for inflation of SSBs has fallen,

while the prices of fruits and vegetables have increased

[80,81]. As a consequence, SSBs became more affordable

for consumers, contributing to increase their consump-

tion. For this reason, taxes on SSBs have raised growing

interest among policy makers. These taxes intend to

increase the price of SSBs considering the true social

cost that the consumption of these products represents,

which contributes to reduce their consumption. Excise

taxes (i.e., taxes levied on a particular product at point of

manufacture) based on the quantity of sugar (e.g.,

volume or sugar content) or ad valorem (calculated on
Current Opinion in Food Science 2021, 40:58–66 
a percentage of the wholesale or retail price) have been

implemented in 40 countries worldwide [82]. Recent

studies have shown that 10% taxes on SSB prices are

associated with a reduction of approximately 10% in sales

[83,84]. Studies conducted in Mexico, one of the first

countries to implement SSB taxation, have reported that

the effect of taxes was higher among families living in

rural areas and in marginalized and lower-income areas,

which correspond to the groups with the highest con-

sumption of these products [83]. The additional revenues

generated by these taxes can further increase their attrac-

tiveness for policy makers, as they can be useful in times

of budgetary shortcomings and become part of the health

systems financing model.

Food marketing consists of an essential link between the

stuffs produced and the creation of demand for these

products [85]. A wide range of marketing strategies are

used to promote foods with high sugar content and make

them attractive for consumers, including package design,

advertising in mass media, digital marketing, price pro-

motions, and sponsorships [86]. Exposure to marketing

creates brand recognition and influences attitudes

and expectations about products, which subsequently

increase consumer willingness to purchase the products

[87], The influence of marketing is particularly relevant

among children, as they do not have cognitive maturity

to recognize its commercial purposes [88]. This is partic-

ularly relevant considering the large share of products

targeted at children with high sugar content. The adop-

tion of policies to reduce the impact of marketing of

unhealthy foods and beverages to children is included in

the World Health Organization (WHO) Global Action

Plan for the prevention and control of NCDs 2013–2020

[89]. However, progress has been relatively slow as

only few countries have adopted legally binding rules,

which specifically restrict marketing of unhealthy foods to

children.

The implementation of the public policies discussed

above can contribute to changing social norms, particu-

larly in terms of the foods that are given to children as a

treat. In this sense, it is worth mentioning that nowadays

children are given products with high sugar content from

a very young age. Results of a study involving 466 Austra-

lian babies from birth to 20 months of age found that,

although consumption of foods with added sugars is not

recommended until 2 years of age, 20% were given

chocolate, lollies, and muesli bars and 30% sweet biscuits

at least twice per week [90]. This suggests that current

practices encourage preference for intensely sweetened

products from an early age, contributing to poor dietary

behaviors, which can significantly impact lifelong health.

Avoiding exposure to products with added sugar or sweet-

eners contribute to healthier long-term habits, favoring

the prevention weight gain, and its related problems. In

addition, the transition from childhood to adolescence
www.sciencedirect.com
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represents another window of opportunity, involving

increased independence and the formation of long-term

dietary and lifestyle habits [90,91].

Although the need to reduce the sugar content of pro-

cessed products has been widely acknowledged, progress

so far has been slow. Inadequate political leadership,

strong opposition to sugar reduction strategies and

public policies from powerful commercial interests and

lack of pressure from civil society can be identified as

main causes for insufficient progress on the topic [92]. A

reframing of sugar reduction is needed to fully acknowl-

edge the key role of environmental factors [93]. Although

people are responsible for their food choices, the current

food systems promote consumption of products with high

sugar content, reinforcing citizens’ preference for them

and create a vicious cycle. As stressed by Roberto et al.,
political will, increased efforts from the food industry and

demand from citizenship are needed to break the vicious

cycle and finally move forward [94].

Conclusions
So far, sugar reduction strategies have been targeted at

minimizing the sensory changes associated with product

reformulation, mainly through the use of non-nutritive

sweeteners. However, emerging evidence has shown that

we may have been following the wrong path by focusing

on reducing sugar while maintaining sweetness. Emerg-

ing evidence suggests that uncoupling sweet taste from

energy load could lead to metabolic dysregulation, and

consequently, negative health effects. This suggests the

need to reduce both sugar content and sweetness inten-

sity. Gradual sugar reductions without replacement seem

the best way forward to reduce sugar intake and shift

consumer preferences. Policy makers are advised to

rely on responsive regulatory approaches to guide indus-

try engagement in sugar reduction programs, which

should be complemented with a package of comprehen-

sive multifaceted policies to create incentives to reduce

the production, commercialization and consumption of

products with high sugar content. Food scientists play a

key role in promoting a new approach on the topic and

encouraging the food industry to gradually reduce sugar

content and sweetness intensity. We hope that this

review will encourage readers to rethink sugar reduction

and further contribute to promote healthier and more

sustainable diets.
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65. Ministério da Saúde: Notı́cias: Brasil assume meta para reduzir
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