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Abstract 

Background Several health organizations recommend lowering the consumption of sweet-tasting foods. The 
rationale behind this recommendation is that a lower exposure to sweet foods may reduce preferences for sweet tast-
ing foods, thus lowering sugar and energy intake, and in turn aiding in obesity prevention. However, empirical data 
supporting this narrative are lacking. In fact, relatively little is known about the contribution of long-term sweet taste 
exposure on one’s sweetness preferences.

Methods The primary objective of this randomized controlled trial is to assess the effect of low, regular and high 
dietary sweetness exposure on preference for sweet foods and beverages, and to compare these effects between 
intervention groups. One hundred and eighty adults aged 18–65 years with a BMI of 18.5–30.0 kg/m2 will be recruited 
and randomly allocated to either: low dietary sweetness exposure (LSE) (10–15% daily energy from sweet tasting 
foods), regular dietary sweetness exposure (RSE) (25–30% daily energy from sweet tasting foods), or high dietary 
sweetness exposure (HSE) (40–45% daily energy from sweet tasting foods), for 6 months, followed by a 4-month fol-
low up. Intervention foods are provided ad libitum, covering approximately 50% of the daily number of food items, to 
include sugar-sweetened, low-calorie-sweetener-sweetened and non-sweet foods. The primary outcome measure is 
the difference in change in sweetness preference from baseline to 6 months between intervention groups. Secondary 
outcomes include: change in sweet taste preferences at different time-points; taste intensity perception; behavioral 
outcomes: food choice and intake, sweet-liker type, food cravings, dietary taste preferences and dietary taste patterns; 
anthropometric outcomes: body composition, waist-hip circumference, body weight; and biochemical outcomes: 
glucose variability and biomarkers related to CVD and diabetes.
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Discussion This study will generate important data on the effect of dietary sweetness exposure on sweetness prefer-
ences in terms of effect size and change, duration of change and its impact on food intake, body weight status and 
associated health outcomes.

Trial Registration The study protocol has been registered on ClinicalTrials.gov (ID no. NCT04497974, Registered 4 
August 2020, https:// clini caltr ials. gov/ ct2/ show/ NCT04 497974) and approved by Wageningen’s Medical Ethical Com-
mittee (ABR no. NL72134).

Keywords Sweetness, Sweet taste, Food preferences, Exposure, Taste perception

Background
Sweetness is induced by sugars (mono and disaccha-
rides) and other nutritive and non-nutritive agents which 
account for a considerable amount of energy intake [1]. 
Although the consumption of dietary sugars has changed 
since the early diets of our predecessors, in recent years 
(last decade), the intake of sugars has remained stable 
in some countries, and has decreased in others, such as 
in the Netherlands [2, 3]. Dietary guidelines advise lim-
iting the consumption of free sugars in the diet to < 10% 
of total energy intake [4, 5]. Additionally, several public 
health organizations, such as the World Health Organi-
zation (WHO), advise reducing the consumption of 
sweet-tasting foods and beverages [6–8]. These recom-
mendations are based on the assumption that a reduc-
tion in dietary exposure to sweet taste, regardless of the 
source of the sweet taste, will help people adapt to lower 
sweetness levels, thereby supporting adaptation to lower 
sugar and energy intake, and contributing to obesity pre-
vention [9]. Although this narrative is simple and attrac-
tive, empirical data supporting it are lacking.

Sweet taste is innately liked [10]. Little is known about 
how and to what extent the innate preference for sweet 
taste can be modified by experiences later in life [2, 
9]. Preferences for sweet taste intensities vary greatly 
between individuals, of which a part has a genetic basis 
[2, 9, 11, 12]. For salt, several studies have suggested that 
preferences can shift in humans in response to long-term 
changes in dietary salt levels [13, 14]. However, unlike the 
case with salt, the current evidence suggests that long-
term exposure to sweet tasting foods or beverages may 
affect individuals’ sweetness intensity perception, but not 
their preferences [15]. Wise et al. (2016) [15] showed that 
when people are exposed to a low-sugar diet for three 
months they perceive a given concentration of sucrose 
in food and beverages to be more intensely sweet than it 
was before the diet, yet their optimal sweetness prefer-
ence levels in food and beverages remained unchanged 
[15]. A recent review by Appleton et al. (2018) [16], sum-
marising 21 long-term, short-term and cohort studies, 
cautiously concludes that in the short term (< 1  month) 
sweetness exposure may reduce sweetness preferences, 

however data from longer-term studies were limited and 
equivocal.

The mechanisms that may underlie changes in sweet 
taste, or sugar, intakes in response to sweet taste expo-
sure remain unknown. The ‘common knowledge’ hypoth-
esis, as above, proposes that exposure affects liking or 
preferences which then affect intakes. Some evidence 
suggests that long term exposure can affect sweet taste 
intensity perception, and these changes may occur 
through adaptations in taste receptors or changes in 
signal transduction pathways [15, 17, 18]. Such adapta-
tions may also impact sweetness liking or preferences, 
or may result in sequential changes in intakes as a result 
of habituation, tolerance, cravings, or diminished reward 
sensitivity [19]. Thus, changing the taste of a diet could 
affect food liking, wanting and cravings, alongside sweet-
ness perception. The evidence available points most 
strongly to changes in liking, preferences or pleasantness 
[16]. However, while some studies report decreases [20] 
or no change [21] in cravings for sweet foods after selec-
tive food deprivation, other studies report associations 
between cravings for sweet foods and intake of these 
foods [22–24]. Though the directionality of these positive 
associations are unknown, it is possible that sweetness 
exposure might impact the desire for sweet foods. To our 
knowledge, there are no long-term studies conducted 
on the effect of sweet taste exposure, without caloric 
restriction, on food cravings. It may be argued that food 
cravings lead to (increased) consumption, however, it is 
equally probable that repetitive consumption of specific 
foods contributes to cravings for those foods [23]. Given 
the ‘common knowledge’ hypothesis and the greater evi-
dence for changes in sweet taste preferences, our focus 
for the trial is on the impact of exposure on liking / pref-
erences. We will also measure sweetness perception, 
cravings and desire to eat as alternative mechanisms.

Studies assessing the link between sweetness expo-
sure and sweetness preference often focus only on the 
manipulation of free sugars, specific sweet foods, or 
food groups, like beverages or high-energy dense snacks 
[25–28], instead of overall dietary sweetness exposure. 
So far, only two studies used an overall dietary sweetness 

https://clinicaltrials.gov/ct2/show/NCT04497974
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exposure approach: a study by Wise et  al. (2016) and a 
study by Griffioen-Roose et  al. (2012) [15, 29]. The lat-
ter study investigated the effect of three different diets 
(sweet, savoury and mixed) on food preferences, and 
showed that a higher exposure to sweet foods resulted in 
a relatively lower liking, wanting and subsequent intake 
of sweet foods. However, the dietary intervention by 
Griffioen-Roose et  al., (2012) lasted only 24-h and the 
findings may be attributed to sensory specific satiety. 
The intervention by Wise et  al., (2016), lasted for three 
months, but in this study diets were defined based on 
total sugar intakes rather than dietary sweetness as a 
whole.

Preferences for sweet taste are often assessed in a single 
test food or beverage [30–36], even though it has been 
established that the preference for certain sweetness 
levels strongly depends on the food matrix [37, 38]. For 
instance, a sugar concentration of 10% (w/w) is optimal 
in soft-drinks, whereas a concentration of 30% (w/w) is 
found to be optimal in cakes [38]. Furthermore, it is well 
known that taste-taste interactions, flavour-taste interac-
tions and sensations such as temperature, visual, olfac-
tory and auditory stimuli may influence taste perception 
[24]. Likewise, the sweetener source, range of presented 
stimuli, and past experience with foods can affect indi-
viduals’ preference for sweetness concentration. It is 
probable that, sweetness preferences in familiar, com-
monly eaten foods, may be harder to change compared 
to those for unfamiliar foods, because there is no sweet-
ness level associated with unfamiliar foods. Thus, prefer-
ence shifts should be assessed across a variety of foods 
that differ in food matrix and familiarity, using different 
sources of sweetness which are distributed across a wide 
concentration range.

The relationship between exposure to sweet foods 
and body weight status is also poorly understood [9, 
15]. Some observational studies do report an associa-
tion between free sugar intake and body weight [see [39] 
for a review]. Additionally, there is strong evidence that 
the consumption of sugar sweetened beverages leads to 
weight gain [40, 41]. But more importantly, the scien-
tific evidence linking the sweetness of an entire diet with 
energy intake, body weight and other health outcomes is 
weak at best [2]. It has been established that people with 
overweight and obesity have similar sweetness prefer-
ences compared to normal-weight individuals [9, 42–45]. 
In addition, it has been shown that sweetness in the diet 
is related to mono- and disaccharides present in the diet, 
but not necessarily energy content [26, 27, 46]. Although 
previous studies have reported that exposure to and lik-
ing of salty and fatty foods were positively related to body 
weight status, this is not the case for exposure to and 
liking of sweet foods [47–49]. There is a strong need to 

elucidate the effects of dietary sweetness exposure on 
weight status and other health related outcomes.

In summary, the link between long-term dietary sweet-
ness exposure and preferences for sweet food is poorly 
understood. Hence, a long-term, sufficiently- powered 
study with a ‘whole diet’ approach is needed to inves-
tigate whether or not sweet taste preferences can be 
changed, either stimulated or suppressed, by variations in 
sweetness exposure. With this in mind, the Sweet Tooth 
study was designed. This study will provide evidence on 
the potential adaption of sweetness preferences, in terms 
of effect size and direction, duration and time-course of 
effects, and impacts on taste intensity perception, food 
choice and intake, sweet-liker type, food cravings, die-
tary taste preferences, dietary taste patterns, body com-
position, waist-hip circumference, body weight, glucose 
variability, and biomarkers related to CVD and diabe-
tes. Given the variety of measurements to be completed, 
the purpose of this article is to describe the Sweet Tooth 
study protocol.

Methods and design
Objectives
Primary objective: To assess the effect of a 6-month low, 
regular and high dietary sweetness exposure on prefer-
ence for sweet foods and beverages, and to compare these 
effects between the intervention groups. We hypothesise 
that regardless of the sweetness exposure level, prefer-
ences for sweet foods and beverages will not change from 
baseline to 6 months.

Secondary Objective(s): To assess the effect of a 
6-month low, regular and high dietary sweetness expo-
sure on taste intensity perception, behavioural outcomes: 
food choice and intake, sweet-liker type, food cravings, 
dietary taste preferences, dietary taste patterns; anthro-
pometric outcomes: body composition, waist-hip cir-
cumference, body weight; and biochemical outcomes: 
glucose variability, and biomarkers related to CVD and 
diabetes.

Study design
The Sweet Tooth study is a 6-month parallel randomized 
controlled trial with partial food provision. The study has 
been approved by the Wageningen Medical Ethical Com-
mittee (ABR nr. NL72134) and has been registered at 
ClinicalTrials.gov (ID no. NCT04497974). All procedures 
performed in this study are in accordance with the Decla-
ration of Helsinki [50].

An overview of the study design is shown in Fig.  1. 
The recruitment and entry phase will take approximately 
three years. Volunteers will be enrolled in the study in 
small groups throughout that time span, resulting in com-
pletion of the study at all times across the calendar year. 
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Following a screening procedure, eligible participants are 
randomly allocated to either: a regular sweet exposure 
(RSE, control); a low sweetness exposure (LSE); or a high 
sweetness exposure (HSE) intervention. The intervention 
lasts for 6 months and the follow-up period is 4 months. 
The length of the sweetness exposure manipulation was 
chosen because the 3-month diet manipulation by Wise, 
Nattress [15] might not be sufficient to observe changes 
in preferences for sweet foods. Other studies however, 
investigated and reported changes to sweet food intakes 
over a 6-month period (see Appleton et  al., 2018 [16]). 
These changes in intakes suggest that changes in pref-
erences may occur over 6  months. Longer intervention 
periods might also result in more robust and longer-last-
ing effects on changes in sweetness intensity perception 
and food intake, than those demonstrated after 3 months, 
although concerns over adherence with longer study 
durations may also arise [51]. Concerns over the practical 
implications and likely adherence to a long intervention 
were also considered. The 1-month follow-up assess-
ment was also based on the study by Wise et al., where 
changes to sweetness perception that were detected after 
3 months reverted almost entirely within 1 month of the 
return to usual diets. An additional 3- month follow-
up period to result in a 4-month follow-up in total was 
added to investigate changes over the longer term. Three 
months was chosen as half the length of the intervention 
and was again considered practical for participants and 
researchers.

The present study is monitored by BioFortis (https:// 
www. merie uxnut risci ences. com). Monitoring involves 
an onsite visit(s) and online meetings. Monitoring of the 

present study ensures transparency, appropriate records 
of study procedures, ethical conduct, appropriate subject 
interaction and recruitment, and ensures high quality 
data collection and data management.

Sample size estimation
The sample size calculation is based on our primary out-
come: change in most preferred sweet taste concentra-
tion from 0–6 months. Previous studies have established 
that it is possible to detect shifts in preferred concentra-
tion from preference tests [36, 52]. For example, looking 
at the study of Liem and de Graaf [52] and the change in 
most preferred concentration, we can observe that mean 
ranking score for the sweet exposure group changed 
by around 0.4 and by around 0.6 for the sour exposure 
group from baseline to after exposure, which is around 
10%. Therefore, the effect size of 0.1 was considered to 
be a relevant and meaningful effect size for our study, 
and was used to estimate the sample size. We estimate 
that 147 participants are needed to detect an effect size 
of 0.1, assuming a parallel study with 3 groups, with two 
repeated measures (baseline vs 6-month, correlation 
between measures of 0.7), and a power of 80% at a signifi-
cance level of 0.05. To account for a potential dropout of 
20%, 180 individuals will be enrolled in the study.

Study participants
The Sweet Tooth study aims to include 180 participants 
aged 18 to 65 years. The study is conducted among indi-
viduals that are proficient in Dutch, are living in the 
Netherlands, and can visit Wageningen University and 
Research for all test sessions. Participants sign a written 

Fig. 1 Overview of Sweet tooth study design, a RCT on the effect of 6-month low, regular and high dietary sweetness exposure on preference for 
sweet foods and beverages. Magnifying glass icons represent assessment visits conducted at baseline (month 0), 1, 3, 6, 7 and 10 months

https://www.merieuxnutrisciences.com
https://www.merieuxnutrisciences.com
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consent and are blinded to the real purpose of the study. 
Participants are told that the study aims to investigate 
the effect of the sensory properties of foods, like texture, 
taste and colour, on glucose metabolism and biomarkers 
related to risk for diabetes. The true aim of the study is 
revealed to the participants at the end of the study, when 
participants have completed the follow-up period. Partic-
ipants are informed that their participation is completely 
voluntary and that they can drop out at any time with-
out further explanation. They are compensated for their 
participation.

Eligibility criteria
Participants are eligible if they have normal weight or are 
overweight (BMI: 18.5—30 kg/m2), are aged between 18 
and 65 years and have good general health. Participants 
are not eligible if they have abnormal blood glucose val-
ues (fasting glucose level: ≥ 6.1  mmol/L; non-fasting 
glucose level ≥ 7.8 mmol/L) or have established diabetes 
mellitus or insulin resistance, have endocrine, metabolic 
or other medical condition(s) that would influence glu-
cose metabolism, have an eating disorder(s), taste or/and 
smell disorder, have gained or lost more than 3 kg in the 
last three months prior to study entry, suffer from lack of 
appetite, use medication that may influence taste percep-
tions and/or glucose metabolism, have a food allergy or/
and food intolerances, are pregnant or lactating, have an 
excessive alcohol consumption (> 14 glasses/week), use 
soft or hard drugs, are a student or personnel of the divi-
sion of Human Nutrition and Health at Wageningen Uni-
versity, or are participating or planning to participate in 
another study, for the duration of the study. Participants 
are withdrawn from the study in the case of pregnancy 
and in case of systematic weight change (gain or loss) of 
4 kg or more over any 3-month period during the study 
intervention. Withdrawal by cause of systematic weight 
change was implemented due to ethical concerns.

Recruitment/screening
Participants are recruited via a pre-existing participants 
database (division of Human Nutrition and Health, 
Wageningen University), internet-based advertisements, 
printed media and flyer distribution. Participants who 
appear eligible from the questionnaire are invited for a 
screening appointment for a clinical assessment and taste 
tests to confirm eligibility. During this visit, weight and 
height are measured and participants are screened for 
normal blood glucose levels, using a finger prick (Free-
Style Freedom Lite, Abbott, UK) and for their ability to 
taste (total score: ≥ 12), using a validated, standardized 
Taste Strip Test developed by Mueller et al., (2003) [53]. 
Eligibility is judged by an independent medical investiga-
tor. Additionally, at the screening appointment the sweet 

liker phenotype [54, 55] is established via a liking test 
which is discussed in more detail below.

Randomisation, allocation concealment and sequence 
generation
Data collected at the screening visit are used to assign 
participants to intervention groups, based on sex (2 lev-
els: male, female), age (3 levels: 18–34, 35–49, 50–65), 
Body Mass Index (BMI) (2 levels: 18.5–24.9, 25–30  kg/
m2) and sweet liker phenotype (3 levels: sweet liker, 
inverted U, sweet disliker), in a process of stratified ran-
domization (2 × 3x2 × 3 = 36 strata) to minimize dif-
ferences between intervention groups in these baseline 
characteristics [56]. Treatment allocation is performed 
according to a computer-generated random schedule, at 
the ratio 1:1:1 to each of the three groups. The treatment 
allocation is performed by an independent person, not 
involved in the study outcome assessments or statistical 
analyses. The independent staff member maintains the 
randomisation list in a secure place with limited access 
to authorised personnel. The study is triple-blind – that 
is participants, researchers and analysts are blind to the 
treatment allocation during data collection and data 
analyses. Participants are asked not to disclose the foods 
they are consuming to the researchers. Researchers con-
ducting outcome assessments and statistical analyses will 
remain blinded until the completion of all statistical anal-
yses at group level.

Dietary intervention
The Low Sweetness Exposure (LSE) group will be asked 
to consume foods to allow 10 – 15% total energy intake 
to come from sweet tasting foods. This is compara-
ble to the Dutch Government recommendations [57] 
in which about 15% from the energy comes from sweet 
tasting foods [1]. The Regular Sweetness Exposure 
(RSE) group will be asked to consume a diet with 25 – 
30% total energy intake from sweet tasting foods. This 
is similar to the average amount of sweet-tasting prod-
ucts consumed by the members of Dutch population, as 
described by van Langeveld et al. (2018); in this study it 
was observed that in the average Dutch diet about 28% 
of the energy consumed comes from sweet-tasting foods. 
Last, the HSE group will be asked to consume a diet with 
40 – 45% energy from sweet tasting-foods. This pro-
portion of sweet-tasting foods is also consumed, given 
free choice, by members of the Dutch population as 
demonstrated in the Dutch Food Consumption Survey 
2007–2010 (DNFCS). The three intervention groups dif-
fer in exposure to sweet-tasting foods. The intervention 
diets of the three intervention groups are comparable 
in macronutrient composition, that is energy provided 
by fat, protein, carbohydrates and fibres. See Table 1 for 
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the macronutrient composition of the three intervention 
diets, averaged across a 28-day rotating menu. The sweet 
taste of the diet comes from various sources, includ-
ing natural sugars and non- and low-calorie sweeteners 
(LCSs). The interventions are based on a new methodol-
ogy developed by van Langeveld et al. [1] which enables 
us to assess and quantify sweetness exposure within the 

Dutch diet, by profiling foods based on six taste clusters: 
Neutral; Salt, Umami & Fat; Sweet and Fat; Sweet and 
Sour; Fat; Bitter.

During the 6-month intervention participants are 
provided with 50% of the food items from their allo-
cated diet. Intervention foods are provided ad  libitum, 
and participants can consume from these as they wish, 

Table 1 Energy and macronutrient composition of the intervention diets (including intervention and other foods) per day averaged 
over the 28-day rotating menu. The diets were calculated using estimated energy needs of 2200 kcal, of an average adult woman

Nutrients Low Sweet Exposure Regular Sweet Exposure High Sweet Exposure

Energy (MJ) (kcal) 9.2 (2,191) 9.3 (2,207) 9.3 (2,206)

Protein (g) (en%) 92.1 (17.0) 88.6 (16.3) 84.6 (15.5)

Fat total (g) (en%) 85.4 (34.4) 85.6 (34.2) 82.9 (33.1)

Saturated fat (g) (en%) 21.9 (9.0) 22.5 (9.2) 24.6 (10.0)

Carbohydrates (g) (en%) 244.4 (45.2) 251.1 (46.1) 260.5 (47.8)

Mono and disaccharides (g) (en%) 66.2 (12.1) 84.2 (15.3) 98.1 (17.8)

Polysaccharides (g) (en%) 175.7 (32.1) 163.6 (29.7) 160.4 (29.1)

Dietary fibre (g) 36.5 36.4 39.2

Sodium (mg) 2,375 2,031 1,984

Table 2 Macronutrient composition and weight of the provided intervention foods (sweet and non-sweet) per 2 weeks for each 
intervention group

Low Sweet Exposure Regular Sweet Exposure High Sweet Exposure

Energy (MJ (kcal)) Liquids 13.1 (3,140) 14.1 (3,370) 14.5 (3,475)

Semi-solids 40.9 (9,764) 40.7 (9,735) 40.9 (9,779)

Solids 62.3 (14,895) 62.4 (14,909) 63.0 (15,063)

Total 116.3 (27,799) 117.2 (28,014) 118.5 (28,317)
Protein (g) Liquids 288.0 287.0 268.0

Semi-solids 329.3 242.5 241.3

Solids 475.8 232.6 253.0

Total 1,093.1 762.1 762.3
Fat total (g) Liquids 24.0 24.0 80.0

Semi-solids 758.9 654.6 568.3

Solids 789.0 719.1 661.9

Total 1,571.9 1,397.7 1310.2
Carbohydrates (g) Liquids 426.0 486.0 373.0

Semi-solids 361.7 646.7 868.9

Solids 1380.5 1766.9 1972.7

Total 2,168.2 2,899.6 3,214.5
Mono and disaccharides (g) Liquids 434.0 494.0 357.0

Semi-solids 278.4 503.6 827.6

Solids 827.6 948.1 1,474.0

Total 952.8 1,945.7 2,658.6
Weight (g) Liquids 14,000 14,500 14,500

Semi-solids 4,465 4,015 3,820

Solids 3,339 3,134 3,171

Total 21,304 21,149 21,491
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thus a surplus of foods is provided without instructions 
on the amount of food that should be consumed. The 
provided intervention foods include sugar-sweetened, 
low-calorie-sweetener-sweetened and non-sweet foods. 
The average weight and macronutrient composition of 
provided foods for each intervention group is shown in 
Table 2. Additionally, Table 2 shows the total energy for 
two weeks’ worth of sweet and non-sweet foods that are 
provided as intervention foods. The amount of energy 
from the provided foods is distributed as follows: 
28,317 kcal for high sweetness exposure, 28,014 kcal for 
regular sweetness, and 27,799  kcal for low sweetness 
exposure which translates into approximately 2000 kcal 
per day, with provisions not being energy requirement-
dependent. Participants are instructed to adhere to diet 
menu plans that include both provided intervention 
foods and other, non-provided foods like bread and veg-
etables. The provided intervention foods are intended 
to make up about 50% of the food items consumed. The 
actual intake of provided foods is monitored via dietary 
assessment methods (described in Compliance meas-
ures) and checklists.

Participants receive monthly diet booklets which 
include daily menus (see Appendix  1 for daily menu 
examples), instructions on which foods to eat, check-
lists and useful recipes. Provided intervention foods 
are home-delivered on a biweekly basis. At the begin-
ning of the intervention period, participants meet with 
a research dietitian to receive comprehensive dietary 
counselling and guidance. Moreover, throughout the 
intervention, participants regularly discuss their diet with 
the dietitian to ensure that the diet is clearly understood. 
Checklists are used to record the daily consumption 
of provided foods, thereby facilitating monitoring and 

dietary compliance. These checklists are checked by the 
research dietitian on a monthly basis.

Considering that consumption of liquid foods is associ-
ated with a lower taste exposure compared to solid foods 
[58, 59], particular emphasis has been given to the dis-
tribution of liquids, semi-solids and solids between the 
intervention groups (see Table  3). The exposure manip-
ulation is achieved by supplying people with foods dif-
fering in taste profiles which are determined based on 
the Dutch taste database developed by Langeveld et  al., 
2018 [48]. Throughout the intervention all three groups 
receive different proportions of sugar-sweetened, low-
calorie-sweetener-sweetened and non-sweet foods. To 
create a difference in sweetness exposure, the proportion 
of sweet-tasting foods vary group-wise: 7% of the foods 
provided for the LSE group are sweet tasting, 35% of the 
foods provided for the RSE group are sweet tasting and 
80% of the foods provided for the HSE group are sweet-
tasting. Among the LCSs present in the commercially 
available provided foods are saccharin, sucralose, steviol 
glycosides, maltitol, and isomalt. Previous research con-
ducted in the Netherlands has shown that dietary taste 
patterns vary most during snacking and breakfast occa-
sions [60]. For this reason, the provided intervention 
foods mainly include breakfast and snack items, such as 
bread toppings, dairy products, nuts, chocolates, crack-
ers (see Appendix 2, for graphical representations of the 
provided intervention foods). To increase variety, partici-
pants also receive other sweet tasting products, not pre-
viously classified into taste clusters by Langeveld et  al., 
2018 [48] (5% of all provided foods). These foods include 
mostly bread toppings with added fruits, such as: hum-
mus with mango, vegetables spread with pineapple, sweet 
onion chicken spread.

Table 3 Proportion of sweet tasting liquid, semi-solid and solid intervention foods provided per intervention group

a Number of sweet tasting intervention food items that are delivered to participants on a biweekly basis

Low Sweet 
Exposure

Regular Sweet 
Exposure

High 
Sweet 
Exposure

Liquids (#) Products containing nutritive  sweetenera 0 1 0

Products containing low & non-nutritive  sweetenera 0 0 9

Total 0 1 9
Semi-solids (#) Products containing nutritive  sweetenera 0 1 10

Products containing low & non-nutritive  sweetenera 0 3 3

Total 0 4 13
Solids (#) Products containing nutritive  sweetenera 1 8 10

Products containing low & non-nutritive  sweetenera 2 1 1

Total 3 9 11
Total number of provided sweet tasting foods (% of 
sweet tasting products provided)

3 (6.6%) 14 (35%) 33 (80%)
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Study outcomes
Table  4 outlines the study outcome measurements and 
data collection methods to be used at each specified time-
point. The primary outcome measure is change in sweet 
taste preference from baseline to 6  months. Secondary 
outcomes include change in sweet taste preference from 
baseline to 1, 3, 7 and 10 months; taste intensity percep-
tion; behavioral outcomes: food choice and intake, sweet-
liker type, food cravings, dietary taste preferences and 
dietary taste patterns; anthropometric outcomes: body 
composition, waist-hip circumference, body weight and 
body height; biochemical outcomes: glucose variability, 
and biomarkers related to CVD and diabetes.

Sweetness preference and perceived taste intensity
Sweetness preference and perceived taste intensity are 
assessed at each study visit in six sweet test foods. Addi-
tionally, two control (salty) test foods are evaluated by 
participants to determine whether effects of sweetness 

exposure are specific for sweet taste. Since preference 
for sweetness strongly depends on the type of food [37, 
38], and past experience (familiarity) with those foods, 
the design of the current study includes foods differing 
in food form (liquid, semi-solid and solid) and familiarity 
(familiar and unfamiliar). Table 5 gives an overview of the 
test foods together with their intensity levels. Each test 
food stimuli ranges from low sweet/salt to high sweet/
salt, across five intensity levels (so-called L-2, L-1, L-0, 
L + 1, L + 2; adapted from Urbano et al. [65]). Test foods 
selected for the Sweet Tooth study were pre-tested over a 
period of 1 year, across four pilot studies, that included in 
total 127 participants ([66], full paper to be submitted).

The preferred sample is defined as the highest liking 
rating score, assessed with a rank-rating scale [67–70]. 
This, so called ranking on a scale method was selected 
based on the previously mentioned pilot studies. In 
short: participants are simultaneously presented with 
five food samples of the same food product, each sample 

Table 4 Overview of Sweet Tooth outcome measures and data collection methods

CoEQ Control of eating questionnaire [61], CVD Cardiovascular disease, DEXA Dual-energy x-ray absorptiometry, SQUASH Short questionnaire to assess health 
enhancing physical activity [62], VAS Visual analogue scale
a Translated and Modified for the Dutch population based on Deglaire et al., 2012 [63]
b Developed for the Sweet tooth study based on methodology of Diewertje et al., 2016 [64]
c Only in a sub-set of participants (n = 60)

Domain Outcome to Be 
Measured

Data Collection 
Method

Baseline Intervention Follow-up

1Month 3 Months 6 Months 7 Months 10 Months

Food taste preference Sweetness preferences Rank-rating scale ✓ ✓ ✓ ✓ ✓ ✓
Saltiness preferences ✓ ✓ ✓ ✓ ✓ ✓

Taste intensity percep-
tion

Sweet taste perception 100-unit VAS ✓ ✓ ✓ ✓ ✓ ✓
Salt taste perception ✓ ✓ ✓ ✓ ✓ ✓

Behavioural outcomes Food choice Food choice from a 
buffet

✓ ✓ ✓ ✓ ✓ ✓

Food intake Amount consumed from 
a buffet

✓ ✓ ✓ ✓ ✓ ✓

Sweet-liker type [54] 100-point VAS ✓ ✓ ✓ ✓ ✓ ✓
Taste preferences PrefQuesta ✓ ✓ ✓ ✓ ✓ ✓
Food cravings CoEQ ✓ ✓ ✓ ✓ ✓ ✓
Dietary taste patterns Taste  FFQb ✓ ✓ ✓ ✓ ✓ ✓

Anthropometric out-
comes

Body composition DEXA ✓ ✓ ✓
Waist-hip circumference Measuring tape ✓ ✓ ✓ ✓ ✓ ✓
Weight Digital scale ✓ ✓ ✓ ✓ ✓ ✓

Biochemical outcomes Biomarkers related to 
CVD and diabetes

Fasting blood sample ✓ ✓ ✓ ✓ ✓ ✓

Glucose homeostasis Glucose  sensorc ✓ ✓ ✓
Compliance Biomarkers of compli-

ance
Urine sample (24-h 
sample)

✓ ✓ ✓ ✓ ✓ ✓

Dietary intake Online 24-h recall ✓ ✓ ✓ ✓ ✓ ✓
Intervention Modera-
tors

Physical activity SQUASH ✓ ✓ ✓ ✓ ✓ ✓
Adverse events, medica-
tion use

Questionnairesb, Study 
diet diary

✓ ✓ ✓ ✓ ✓ ✓
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corresponding to one level of the taste intensity range. 
They are then asked to taste and swallow a mouthful of 
each sample and rate it on liking using a single 100-unit 
Visual Analogue Scale (VAS). The used scale is end-
anchored ‘like extremely’ and ‘dislike extremely’, and at 
the middle ‘neither like or dislike’. This scale also allows 
rating ties when two or more stimuli are equally liked.

Perceived taste intensity is recoded on a 100-unit VAS, 
end-anchored ‘not sweet/salty at all’ and ‘extremely 
sweet/salty’. Participants are asked to taste each stimu-
lus and rate its sweetness or saltiness intensity. During 
taste intensity evaluation, stimuli are presented using a 
monadic protocol.

The order of presentation of the stimuli are randomised 
in both preference and taste intensity sessions. Stimuli 
are labelled with 3-digit random codes and provided in 
standardised volumes (see Table 5), at room temperature 
in translucent cups or served on small trays. Water is 
provided as a palate cleanser. Breaks of 30-60 s between 
stimuli tasting, are implemented to minimise possible 
carry-over effects. Both preference and perceived inten-
sity testing take approximately 1  h. Testing takes place 
in eating behaviour booths of the Human Nutrition 
Research Unit of Wageningen University, under normal 
lighting and odour free conditions. Preference and per-
ceived intensity ratings are recorded digitally using Eye-
Question Software (https:// eyequ estion. nl/). Both tests 
occur at every study visit, at standardised times.

Behavioural outcomes
Food choice and intake are measured during a breakfast 
buffet where a wide range of food products are served 
to participants ad  libitum. Served breakfast foods 
mainly vary in taste modalities (sweet, savoury, neutral, 
bitter foods), to determine whether effects of sweet-
ness exposure influence the intake of sweet foods. Par-
ticipants are free to eat as much as they want and given 
30 min. Food choice and intake are monitored covertly, 
and unconsumed foods returned to the kitchen are 
weighed. Proportions of sweet and non-sweet foods 
consumed are measured. These measurements also 
result in energy and macronutrient intake, which is cal-
culated using the NEVO-codes [71] and nutrient cal-
culation software programme Compl-Eat (www. compl 
eat. nl, Wageningen University, Wageningen, NL) [72]. 
Additionally food choice is assessed at the end of the 
assessment visit, when participants are offered a take-
away snack. Several snacks of different taste modalities 
(sweet, savoury and neutral) are offered and partici-
pants’ choice is recorded.

Sweet-liker type is assessed by a method proposed 
by Iatridi et  al. [54]. With this method three distinct 
sweet-liker phenotypes can be distinguished: sweet 
liker (SL), sweet disliker (SD) and inverted U-shaped 
(IU) phenotype. Participants evaluate a sucrose solu-
tion of 1  mol/L sucrose on liking using a 100-unit 
VAS, and are classified as one of the three phenotypes, 

Table 5 Test foods used in the preference and intensity testing with sweetness and saltiness concentration levels and percentages of 
added sweetener (sugar + non- and/or low-calorie sweeteners) and salt in % by weight, for each level. The stimuli are used to assess 
the primary (preference) and one of the secondary outcome measures in the Sweet Tooth trial

a Five sweetness/saltiness levels, with the middle level (L-0) representing the optimal sweetness/saltiness sensation, initially based on the quantity present in the 
commercial products or recipes as described by Urbano et al. [65], and to some degree adjusted after pilot testing with Dutch consumers
b Recipes for food preparation adapted from Urbano et al. [65]
c Added sucrose
d Added sucrose and liquid sweetener based on cyclamate and saccharin (Rio Zoetstof, Sweet Life AG, Switzerland)

Test food Food form Serving size Sweetener concentrationa

(% by weight)

L-2 L-1 L-0 L + 1 L + 2

Familiar Strawberry flavoured lemonadeb Liquid 20 ml 0.00 1.26c 3.08c 8.56c 15.06c

Chocolate flavoured custardb Semi-Solid 15 g 3.41c 6.59c 12.37c 17.57d 26.33d

Plain Cakeb Solid 20 g 9.13c 16.74c 19.15d 21.88d 25.10d

Unfamiliar Watermelon flavoured lemonade Liquid 20 ml 0.00 1.26c 3.08c 8.56c 15.06c

Elderflower flavoured custard Semi-Solid 15 g 3.61c 6.98c 13.05c 18.90d 27.59d

Tamarind flavoured cake Solid 20 g 9.13c 16.74c 19.15c 21.88d 25.10d

Salt concentrationa

(% by weight)
L-2 L-1 L-0 L + 1 L + 2

Familiar Gazpacho Liquid 20 ml 0.05 0.15 0.30 0.72 1.46

Butter cracker Solid 3.5 g 0.00 0.71 1.37 3.50 7.05

https://eyequestion.nl/
http://www.compleat.nl
http://www.compleat.nl
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using the following cut off values SD: score ≤ 35; SL: 
score ≥ 65; IU: score 36–64 [54].

Food cravings are assessed using a translated version 
of The Control of Eating Questionnaire (CoEQ) [61]. 
The CoEQ consists of 21 questions designed to assess 
the type and intensity of food cravings, as well as sub-
jective sensations regarding appetite and mood. It also 
includes two questions on desire to eat; one about 
desire to eat sweet foods and the other about desire to 
eat savoury foods. The CoEQ measures cravings across 
four components: craving control, positive mood, crav-
ing for sweet, and craving for savoury foods.

A modified version of the PrefQuest questionnaire 
[63] is used to assess taste preferences across four com-
ponents related to liking for Sweet; Fat and Sweet; Salt; 
and Fat and Salt items. Firstly, the questionnaire was 
translated to Dutch by an professional translation bureau 
(in’to Languages, Wageningen, The Netherlands). Sec-
ondly, French foods, that are not typically eaten by the 
Dutch were identified, by two researchers and two die-
titians, and excluded from the questionnaire. Thirdly, 
excluded French foods were exchanged by typically eaten 
Dutch foods that fall in the same taste and food category, 
using the Dutch taste database [1] and the Dutch Food 
Consumption survey 2012–2016 [73], respectively. For 
example, a Morteau sausage (a traditional French smoked 
sausage), which was in the Fat and Salt sensation and 
Meats food group [63], was exchanged for Rookworst (a 
traditional Dutch smoked sausage), classified under the 
Salt, Umami and Fat taste sensation group [1]. Addition-
ally, images that did not follow the Dutch eating habits 
were replaced. For instance, we changed the type of bread 
to that most commonly eaten in the Netherlands.

Dietary taste patterns are assessed with a newly devel-
oped FFQ that assesses relative taste exposure through 
the measurement of specific food items based on fre-
quency, amount and type of food consumed. The main 
purpose of the so-called Taste FFQ is to assess habitual 
dietary taste patterns in adults. The Dutch FFQTOOL™ 
was used to develop the Taste FFQ by selecting food 
items with the largest contributions to total intake and 
explained variance in energy intake (the Dutch Food Con-
sumption survey 2012–2016 [73]), per taste cluster: Fat, 
Neutral, Sweet & Sour, Salt, Umami & Fat, Sweet & Fat 
and Bitter [1]. Additionally, to increase face validity and 
reliability, additional food items were added to the ques-
tionnaire, such as table salt and cinnamon. All in all, the 
Taste FFQ consists of 162 food items, including 7 Fat, 35 
Neutral, 25 Sweet & Sour, 56 Salt Umami & Fat, 31 Sweet 
& Fat, and 8 Bitter tasting food items. The usability and 
applicability of taste FFQ was pre-tested in a sample of 
52 participants and revised afterwards. Dietary data col-
lected with the Taste FFQ allows the study of taste dietary 

patterns, where dietary patterns can be derived a priori 
(e.g., based on the intervention diet) and a posteriori (e.g., 
using principal component analysis, or cluster analysis). 
The newly developed Taste FFQ provides more insights 
on the dietary taste patterns in relation to the develop-
ment of food preferences, weight and health status.

Anthropometric outcomes 
Anthropometric measurements are taken in light cloth-
ing without footwear using standard techniques. Height 
is measured with a stadiometer (SECA, Germany) to the 
nearest 0.1  cm. Weight is measured twice, using a cali-
brated digital weighing scale (SECA, Germany) to the near-
est 0.1 kg. The average of the two measurements is included 
in the dataset. Waist and hip circumference are measured 
using a flexible tape (SECA 201, Germany) and recorded to 
the nearest 0.5 cm. Body composition (e.g. lean body mass, 
body fat percentage) is measured by a dual-energy X-ray 
absorptiometry (DEXA) scan (Lunar, United States).

Biochemical outcomes
At each study visit a fasting venous blood sample is 
obtained by a trained phlebotomist. Collected blood sam-
ples are centrifuged within two hours of collection and 
stored at -80  °C for later analysis. A broad range of bio-
markers are measured to assess the effects of the inter-
vention on diabetes and cardiovascular health, including 
fasting glucose, HbA1c, insulin, total cholesterol, high-
density lipoprotein (HDL), low-density lipoprotein (LDL) 
and triglycerides. Total cholesterol, HDL, LDL, triglycer-
ides, glucose and HbA1c are analysed in a clinical labo-
ratory (Hospital Gelderse Vallei, Ede, the Netherlands), 
using the enzymatic methods (Atellica® CH analyzer) and/
or High Performance Liquid Chromatography (HPLC). 
Insulin is measured with enzyme-linked immunosorbent 
assay (ELISA). Additionally, white blood cells are stored 
at -80 °C for future analysis to provide indicative effects of 
gene variants if deemed of interest [11, 12, 74, 75].

Glucose variability is assessed in a sub-group of 60 volun-
teers, over a 14-day period, at baseline, at the end of inter-
vention and at the end of follow up period with the help of a 
commercially available glucose sensor (FreeStyle Libre Flash 
Glucose Monitoring System) [76, 77]. Participants wear 
the sensor on the back of their upper arm for up to 14 days 
and scan the sensor with a glucose reader every 6–8 h. This 
system automatically measures glucose levels in interstitial 
fluid every minute, and stores the readings in 15-min inter-
vals. These data provide information on postprandial glu-
cose responses and changes in glucose regulation.

Compliance measures
Adherence to diets is assessed with biomarkers of sweet-
ener consumption in 24-h urine sample. Long-term 
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sweetness exposure is confirmed at a group level, by meas-
uring biomarker levels of: urinary sucrose and fructose 
[78–81] and urinary excretion of five commonly consumed 
LCSs: acesulfame-K, saccharin, sucralose, cyclamate and 
steviol glycosides [79, 82]. Adherence to the intervention 
is estimated by the mean group presence of urine biomark-
ers in gram or milligrams. Participants collect urine sam-
ples six times in total, having received written and verbal 
instructions on urine collection, three 100 mg para-amin-
obenzoid acid (PABA) tablets (KAL PABA, KALvitamines, 
Huizen, The Netherlands), together with urine contain-
ers containing preservative lithium dihydrogenphosphate. 
Urine collection starts after the first voiding after waking 
up and finishes after the first voiding after waking up the 
following day. Voiding times, the use of medications and/
or nutritional supplements and possible deviations from 
the protocol (e.g., missing urine) are registered. Once 
collected, urine of each participant is mixed, weighed, 
aliquoted and stored at − 80  °C until further analyses. 
Completeness of urine sampling is checked by the recov-
ery dosage of PABA, using 78% of ingested PABA as an 
acceptable recovery rate [83]. Urinary fructose and sucrose 
[78], LCSs [82], sodium and nitrogen levels are measured 
in urine samples as biomarkers for daily intakes of sucrose, 
LCSs, sodium and protein intake, respectively.

Moreover, compliance is assessed using 24-h dietary 
recalls. Adherence to the intervention is estimated as expo-
sure to different taste modalities (e.g. sweet tasting foods) 
as % energy consumed, as % weight consumed or frequency 
consumed. Web-based 24-h recalls are completed using the 
software programme Compl-Eat (www. compl eat. nl) [72]. 
Participants fill out this web-based 24-h recall nine times; 
once at baseline, once every month during the intervention 
and twice in the follow up period. From this dietary data 
an average daily percent of energy from sweet tasting food 
is calculated. Additionally, average daily energy consumed 
from macronutrients and micronutrient intakes is estimated 
using the most recent Dutch food composition table [73].

Intervention moderators
The general inclusion questionnaire includes questions 
about; age; sex; education level; current work situation; 
health and history of diseases such as diabetes mellitus, 
cardiovascular health, taste or smell difficulties, allergies, 
general disorders and medication use; living environment 
and social activities such as diet, smoking status, nutri-
tional supplements, alcohol and drug usage. Habitual 
physical activity is assessed to explore a potential mod-
erating effect on sweetness preferences and other out-
comes, using a previously validated Short Questionnaire 
to Assess Health-enhancing physical activity (SQUASH) 
[62]. The questionnaire measures the frequency (days per 
week), duration (hour and minutes) and intensity (low, 

moderate, high) of different physical activities referring 
to a normal week in recent months. Physical activities 
include occupation, leisure time, household, transporta-
tion means and other daily activities [62]. Blinding to the 
study aims and satisfaction with the diet are assessed with 
a study debrief questionnaire, at the end of the last assess-
ment visit. Debrief questionnaire is an open-ended ques-
tionnaire that aims to gather participants’ opinions after 
the end of intervention, and to cross check the cover story.

Adverse events
Adverse events will be recorded in the case report form 
and are informed by a medical investigator to the Medi-
cal Ethical Committee. Although we do not intend to 
formally analyze adverse events, data will be included in 
future publications. Although the HSE group is exposed 
to more LCSs, compared to LSE and RSE groups, we do 
not anticipate any adverse events to occur (e.g. flatulence, 
bloating, or abdominal discomfort). The provided com-
mercially available products only contain small amounts 
of LCSs, that are considerably lower than accepted daily 
intakes. However, any alteration to one’s diet may result 
in occurrence of adverse events, yet this risk is low and 
present with any dietary intervention.

Outcome assessment procedure
Study assessments are conducted at baseline, 1, 3, 6, 7 
and 10 months at the Human Nutrition Research Facili-
ties, located on the Wageningen University Campus, the 
Netherlands. Each assessment visit follows a strict stand-
ardised operating procedure and lasts approximately 6 h. 
Figure 2 shows the assessment visit timeline with assess-
ments in chronological order.

Statistical analyses plan
Study data will be handled according to the General 
Data Protection Regulation Act (EU GDPR), and will be 
anonymised and archived in password protected servers. 
Prior to data analysis, normality of the data will be tested. 
Non-normally distributed data will be transformed or 
analysed using non-parametric tests, if deemed nec-
essary. Statistical significance will be set at p < 0.05. 
Descriptive statistics will be provided for each of the 
three intervention groups at baseline and will include 
demographic, dietary and lifestyle information. Continu-
ous data will be summarized using means, SD and 95% 
confidence intervals, while categorical variables will be 
summarised using counts and percentages.

First, to determine whether there is a shift in sweet-
ness preference between baseline and month 6, sta-
tistical techniques appropriate for longitudinal data 
analysis, linear mixed effects models, will be used, 

http://www.compleat.nl
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with treatment (LSE, RSE and HSE), time (baseline 
and 6-months) and treatment x time as fixed factors 
and participant number as a random factor. Significant 
effects will be further investigated by Posthoc analyses 
adjusted for multiple testing. Our main interest is in the 
change in preference scores between any two interven-
tion groups. Second, similar linear mixed effects models 
will be used to explore effects of sweet taste exposure 
on the other dependent measures over time. In light 
of the research in this area, we will explore differences 
between intervention groups and secondary outcome 
variables (pre-registered), and explore related but sepa-
rate questions of whether glucose variability, body com-
position, food cravings, blood biomarkers are related to 
sweetness exposure, age, gender, sweet liker status and 
BMI. By comparing group means of urine extraction 
of urinary sucrose, fructose, and LCSs between inter-
vention groups, the level of compliance will be evalu-
ated. Linear mixed effects models will be adjusted for 
covariates where appropriate and both unadjusted and 
adjusted models will be reported. If main effects on a 
dependent variable are identified, Bonferroni post hoc 
tests will be applied to identify statistically significant 
differences between means. The difference in means will 
provide an effect of the intervention on the outcomes. 
Analysis will be conducted on both an intention-to-
treat (ITT) and a per-protocol basis. The ITT analysis 
will be the primary analysis. The per-protocol analysis, 
however, will help us determine whether the effects 

are the result of individuals adhering to the procedure 
and consuming the provided intervention foods. In the 
event of missing data due to drop-out, the outcome 
variables that have not been recorded will be treated as 
missing data. Unblinding will occur at the conclusion of 
the study, to determine the effect of the intervention.

Discussion
This paper describes the protocol for the Sweet Tooth 
trial to explore the effect of a 6-month low, regular and 
high dietary sweetness exposure on sweet food and bev-
erage preferences. The intervention has been designed 
using recently developed methodology enabling the 
assessment of sweetness exposure within a diet, and 
the study design includes a number of novel method-
ologies. To our knowledge, this is the first trial to study 
the effect of long-term low, regular and high sweetness 
exposure, where exposure to sweet taste comes from 
various sources and sweetness of the whole diet is taken 
into account. Furthermore, preference for sweetness is 
assessed with various test foods, across a wide range of 
intensity levels, varying in form (liquids, semi-solids and 
solids) and familiarity. Preference is assessed with rank-
ing on a scale; this methodology combines the sensitivity 
of ranking from side‐by‐side assessment of tested sam-
ples, coupled with the benefits of rating by providing 
indication of spacing between tested samples [70]. The 
current study also includes several dietary assessment 
methods, including web-based 24-h recalls, Taste FFQ 

Fig. 2 Assessment visit timeline overview lasting approx. 6 h. Measurements taken at the assessment visit, in chronological order, are; blood 
biomarkers related to CVD and diabetes, body weight, hip-waist circumference, body composition, food choice and intake (ad libitum test breakfast 
meal), dietary taste preferences (PrefQuest), food cravings (Control of Eating questionnaire), sweet-liker status, sweet and salt taste preferences 
(sensory evaluation), dietary taste patterns (Taste FFQ), physical activity level (SQUASH questionnaire), sweet and salt taste intensity perception 
(sensory test) and food choice (snack choice)
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and biochemical markers (including urinary recovery 
of sugars and LCSs). The dietary assessment approaches 
used in the Sweet Tooth study will help us gain a com-
prehensive picture of sweetness exposure and compli-
ance. This is important since it will ensure the validity 
of results [84]. As such, this work has the potential to 
expand the current understanding of how long-term 
sweetness exposure influences sweetness preferences, 
while also providing information about resilience of 
sweetness preferences, in terms of effect size, direction 
and duration. In addition, the effect on anthropomet-
ric biochemical outcomes is assessed, thus potentially 
advancing our current understanding of the impact of 
sweetness exposure on body weight/composition and 
other health related outcomes.

One of the main challenges of this comprehensive 
trial is the recruitment [85]. The recruitment strategy 
involves a variety of methods to attract a heterogenous 
group of volunteers. Once recruited we try to minimise 
the time between obtaining consent and participation. 
Another important challenge with these long-term die-
tary interventions is keeping participants motivated and 
compliant [85]. The Sweet Tooth study is a randomized 
controlled trial with partial food provision, which means 
that 50% of the food items are provided, while the other 
50% has to be arranged by participants themselves. To 
maximise compliance, participants are provided with 
these intervention foods on a biweekly basis and receive 
a monthly dietary booklet which includes daily menus, 
tips (e.g. what to choose when in a restaurant) and food 
checklists, to guide them through the intervention. Fur-
thermore, participants are provided with a wide range of 
different food products and brands, to give them some 
freedom over their allocated diet and they have regular 
appointments with the dietitian. In addition, positive 
experiences such as meeting new people, trying new 
foods, visiting research facilities are being highlighted 
and encouraged. Another potential limitation of this 
study is participant dropout. Interventions lasting over 
several months can be linked to higher dropout rates 
[84]. To account for this, we plan to enrol 20% more par-
ticipants than required based on sample size calculation. 
Moreover, to minimize drop-out rates, no run-in period 
had been implemented in the study design. Incorporat-
ing a run-in period would likely increase the time bur-
den, in turn potentially leading to non-compliance or 
increased dropout rates. When looking at the impact of 
sweet taste exposure on the outcomes of the trial, we will 
not be able to determine whether the effects are due to 
LCSs or sugars because all intervention groups are given 
foods that are both sweetened with sugar and foods that 
are sweetened with LCSs. The use of sugar and LCS in all 

groups and in differing amounts was considered critical 
in the study design to ensure the study was an interven-
tion of ‘sweet foods exposure’, rather than ‘a intervention 
of sugar’ or ‘an intervention of LCS’ consumption. More 
importantly, the use of LCSs makes it possible to stand-
ardize the amount energy from carbohydrates across all 
three intervention groups. It also should be noted that 
this study uses assessment tools that have not yet been 
validated, such as the Taste FFQ. The Taste FFQ was 
developed to assess dietary taste exposure, and will be 
assessed for validity as part of this study, against 24-h 
recalls and biochemical markers. The primary outcome 
for the study, preference for sweetness, is a subjective 
perception, that can only be assessed using subjective 
measurements. The methods we are using have been 
carefully developed [66], based on established tech-
niques and published papers [65]. This also holds for 
some of our other outcomes, such as assessments of taste 
intensity and sweet-liker status. The methods we use to 
measure these perceptions have also been validated [55, 
86]. Objective measurements for subjective perceptions 
are not available due to their subjective nature, although 
the use of proxy measures may be possible.

It also has to be noted that the Sweet Tooth trial 
is being conducted during the Covid-19 pandemic. 
Therefore, pandemic-related restrictions, such as lock-
downs, are likely to influence the trial progress. For 
example, as a result of restricted access to research 
facilities and social distancing measures, a delay in 
data collection is expected. In addition, local restric-
tions might influence the dietary patterns and eating 
behaviours of participants. However, this is unlikely, 
since the intervention and delivery of provided foods 
will remain unchanged. Any related changes will 
also impact all participants in all dietary interven-
tion groups equally. We speculate that the reduced 
social interaction and traveling restrictions might even 
increase dietary compliance.

Conclusion
This 6-month randomized controlled trial with par-
tial food provision will add to the evidence on sweetness 
exposure and its effects on sweetness preferences, eating 
behaviour, body weight and health related outcomes. Find-
ings from this study will generate data required to support 
evidence-based recommendations for dietary guidelines.

Trial status
METC approval: NL72134.081.19. Approval obtained on 
July  28th, 2020, recruitment began in September 2020, 
and study measuring from October 2020 onwards. Esti-
mated recruitment end is September 2023.
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Appendix 1
Tables 6, 7 and 8

Table 6 Daily menu example for the Low-sweet Exposure Group 
with highlighted and in bold provided intervention foods

Food product Item brand/type

Breakfast Bread Any

Margarine Low fat margarine 40% fat

Vegetable spread Mister Kitchen vegetable spread
Egg salad Johma Eisalade
Cheese Milner Belegen kaas 30 + 
Skimmed milk AH Magere melk

Snack Coffee/tea/water Any

Fruit Any

Savoury biscuits Sultana Crunchers
Lunch Bread Any

Margarine Low fat margarine 40% fat

Vegetable spread Heunz Dandwich spread naturel
Pepper spread Zonnatura Paprika spread
Meat Any

Skimmed milk AH Magere melk
Snack Coffee/tea/water Any

Fruit Any

Unsalted cashew nuts AH Cashewnoten ongezouten
Dinner Spaghetti Bolognese

Water

Snack Coffee/tea/water Any

Sparkling water Spa Intense bruisend mineraal-
water

Neutral mini crackers LU Mini crackers naturel

Table 7 Daily menu example for the Regular-sweet Exposure 
Group with highlighted and in bold provided intervention foods

Food product Item brand/type

Breakfast Bread Any

Low fat margarine 40% fat Low fat margarine 40% fat

Peanut butter Calve Pindakaas
Fruit Jam with less sugar Hero Minder zoet jam
Kaas Any

Skimmed milk AH Magere melk
Snack Coffee/tea/water Any

Fruit Any

Fruit biscuits Sultana Fruitbiscuit
Lunch Bread Any

Margerine Low fat margarine 40% fat

Celery salad Joma Selleriesalade
Pepper spread Zonnatura Paprika spread
Meat Any

Skimmed milk AH Magere melk
Snack Coffee/tea/water Any

Fruit Any

Unsalted nuts with cran-
berries

AH Cranberrymix ong-
ezouten

Dinner Spaghetti Bolognese

Water

Snack Coffee/tea/water Any

Flavoured water Spa Touch bruisend
Rice cracker with choco-
late flavour

Rijstwafels met chocolade
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Appendix 2
Figures 3, 4 and 5

Table 8 Daily menu example for the High-sweet Exposure Group with highlighted provided intervention foods

Food product Item brand/type

Breakfast Bread Any

Margarine Low fat margarine 40% fat

Peanut butter with coconut and maple syrup Mister Kitchen’s Pindakkas kokos maple
Fruit jam Hero fruit jam
Chocolate milk AH Choc drink

Snack Coffee/tea/water Any

Fruit Any

Fruit and yogurt biscuits Sultana YoFruit
Lunch Bread Any

Margarine Low fat margarine 40% fat

Chocolate spread Nutella
Apple syrup AH Biologisch Appelstroop
Yogurt drink Optimel Drinkyoghurt 0% vet

Snack Coffee/tea/water Any

Fruit Any

Unsalted nuts with cranberries AH Cranberrymix ongezouten
Dinner Spaghetti Bolognese

Water

Snack Coffee/tea/water Any

Flavoured water Spa Touch bruisend
Rice cracker with chocolate flavour Rijstwafels met chocolade

Fig. 3 Provided intervention foods delivered on a biweekly basis 
including solid, semi-solid and liquid foods for low sweetness 
exposure group

Fig. 4 Provided intervention foods delivered on a biweekly basis 
including solid, semi-solid and liquid foods for regular sweetness 
exposure group
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