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-ABSTRACT- 
Background & Aim: Obesity is a recognised global health problem for which effective  interventions 
are needed. Portion size imbalance has been described as a putative factor in the development of 
obesity. Indeed, exposure to large portion sizes, especially of high energy dense foods or sugar-
sweetened beverages (SSBs), has been related with energy overconsumption, promoting weight 
gain. In this context, the use of portion control tools has been proposed as an effective strategy to 
control food/beverages portion size and consumption. However, the real effectiveness and specific 
mechanisms by which these tools work are still unclear; in particular the cognitive processes involved 
in overeating and how they differ across individuals. A better understanding of the range and 
mechanisms of action of such tools will allow to design more effective approaches to prevent and 
manage obesity. Therefore, the purpose of this thesis is to evaluate the breadth, impact and 
acceptance of portion control tools, as well as to elucidate the potential behavioural/physiological 
processes involved in portion size control. Such information can be used for the development of new 
approaches and tools with improved acceptance and effectiveness on body weight control.  
 
Methods & Results: As a first objective, a systematic review of the literature was conducted to 
describe the variety and effectiveness of existing portion control tools for foods and beverages on 
learning/awareness of appropriate portion sizes, portion size choice and portion size consumption, in 
adults and children, using a meta-analytic approach. Results confirmed an overall effect of tools on 
food intake (d í������ ���&,�� í������ í������ ��� FRPSDULVRQV��� PRVWO\� GULYHQ� E\� FRPELQDWLRQV� RI�
reduced-size bowls and spoons decreasing serving sizes (d í������ ���&,�� í������ í����� with 8 
comparisons) and consumed amounts/energy (d í���������&,��í������í������with 9 comparisons), 
but not by reduced-size plates (d í���������&,��í������������with 7 comparisons). Portion control 
tools marginally induced weight loss (d í���������&,��í������í������with 9 comparisons), especially 
calibrated tableware. No impact was detected on portion size (PS) awareness; however, few studies 
quantified this outcome.  
To address the existing gaps in eating behavior research and particularly in studies featuring portion 
control tools, a new combined methodological platform was first developed and subsequently 
validated (Section II), to evaluate its ability to measure and record different eating behavior metrics 
under controlled laboratory conditions. The novel platform showed a significant improvement in meal 
micro-structural parameters from published data (13 vs. 33% failure rate) and high comparability 
between an automated gaze mapping protocol vs. manual coding for eye-tracking studies involving 
an eating test (ICC between methods 0.85; 90% CI 0.74, 0.92).  
The newly validated methodological platform was subsequently used in a controlled nutritional 
intervention (Section III) to explore  the processes and mechanisms by which a portion control plate 
(with visual stimuli for starch, protein and vegetable amounts), modulates food intake, satiety and 
meal eating behavior in women. Results showed that meal portion sizes (mean ± SD) were smaller 
with the calibrated compared with the control plate (served: 296±69 vs 317±78 g; consumed: 287±71 
vs 309±79 g respectively), especially consumed rice (69±24 vs 88±30 g) (p<0.05 for all comparisons). 
Bite size was also significantly reduced with the calibrated plate (3.4±1.0 vs 3.7±1.0 g; p<0.01) which 
also tended to reduce eating rate (33.0±9.0 vs 34.7±12.8 g/min; p=0.09). Despite the portion control 
tool resulting in good effectiveness (66% of women responded to the plate), 53% of the women 
providing valid food records and responding to the plate (n=10/19) compensated the reduced intake 
over the 8 h following the meal. Post-prandial pancreatic polypeptide concentrations were higher with 
the calibrated plate (p<0.01). No clear effect of plate type was detected on insulin and glucose levels 
and on memory for portion sizes (high inter-individual variability detected). Visual fixation time, used 
as aproxy for meal-directed visual attention, reflected that the longest gaze fixation during the first 



 

minute of the meal across all foods was for vegetables irrespective of the plate used. Moreover, a 
longer fixation on the vegetables was associated with a tendency for lower hunger feelings and higher 
fullness feelings immediately and 3h post-meal consumption (r=-0.31, p=0.06 and r = -0.29, p=0.08, 
respectively). In addition, meal attention tended to differ between plates only for the rice, to which 
participants spent more time looking, with the control plate.  
Finally, to address the knowledge gap around how to best help individuals choose appropriate 
portions of SSBs, an on-line survey was developed and administered to 166 adults to collect 
information related to awareness and consumption habits of non-alcoholic caloric beverages (Section 
IV). The results showed that a large proportion of participants (66%) perceived the use of an 
educational portion control tool for non-alcoholic caloric beverages as useful. Across a range of eight 
tools, a calibrated glass/cup was identified as the most preferred tool to try, in conjunction with an 
interactive virtual tool which was perceived as the most preferred tool to use in the medium/long term. 
In addition, a calibrated physical glass/plastic bottle was the tool with the highest acceptability, ease 
of use, practicality and fitting within lifestyle ratings. These results can help practitioners identify new 
strategies for better portion size control in the population and may aid researchers in the development 
of new portion control tools as part of future nutritional interventions.  
 

Conclusion:  Portion control tools, mainly calibrated tableware, serving utensils and technology-
based tools, have been identified as having the potential to guide food portion size and modulate 
consumption, with some tools able to help in weight management up to 3 months. Specifically, a 
tested and validated portion control plate with visual stimuli, may improve meal eating habits and 
might modulate the cephalic-phase satiety response. No clear evidence was found for the tool 
changing visual fixation patterns or improving the memory for pre-selected portion sizes however a 
longer fixation on some meal components was associated with higher subjective satiety. The new 
survey helped identify that portion control tools potentially providing immediate feedback, such as 
calibrated and interactive virtual tools, scored highest for acceptance and ease of use. These 
characteristics must be considered when developing new specific beverage portion control tools. In 
summary, the design and inclusion of portion control tools providing immediate feedback on amounts 
selected as part of weight loss interventions could be a useful strategy to counteract obesity. 
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OBESITY AND FOOD PORTION SIZE 

Obesity  

Obesity has been recognized as a global health problem highly impacting public health (Biener et al., 

2018; Swinburn et al., 2011).  The worldwide growing prevalence of overweight and obesity (excess 

of body weight), currently affecting more than two billion of people, is a pivotal factor increasing 

healthcare costs, causing almost 5% of global deaths and having an economic impact of almost 7100 

millions euros per year (Balani et al., 2019; Hicking-Woodison, 2021). The costs reported are 

apparently underestimated due to the wrong classification of body mass index (BMI) (De Lorenzo et 

al., 2020).       

Obesity is defined as abnormal or excessive fat accumulation, representing a risk to health (WHO, 

2021). For White, Hispanic and Black population, a BMI over 25 kg/m2 is currently considered 

overweight, and over 30 kg/m2 is obesity (WHO, 2021). 

Obesity is induced by a lack of homeostasis; particularly, an imbalance between calorie intake and 

energy expenditure (Piaggi, 2019). This disequilibrium can be driven by two main elements: 

overconsumption of macronutrients induced by a specific food environment and low physical activity 

(McAllister et al., 2009). Nutrition plays a fundamental role in the prevention and treatment of obesity, 

as an unbalanced energy-yielding disease. However, general recommendations on macronutrients 

do not seem to be effective enough to counteract obesity and overweight. Obesity development 

reflects complex interactions between biological/genetics (physiology), personal (behaviour) and 

environmental determinant factors (Qasim et al., 2018; Swinburn et al., 2011) (Figure 1).  

 
Figure 1. Representation of obesity as a multifactorial disease (adapted from Kadouh and Acosta 

(2017)). 
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For an efficient treatment for obesity, it is necessary to fully integrate and understand all the factors 

and regulatory mechanisms involved in excessive adiposity (McAllister et al., 2009).  

Obesity is not only a problem of self-esteem and quality of life, but also it is associated to clinical 

complications such as diseases and cardiovascular events as well as premature death (Powell-Wiley 

et al., 2021). 

Traditionally, weight management studies focused as targets low-calorie diets and the promotion of 

physical activity, integrating to the treatment just part of the biological and individual elements of the 

disease (Tseng et al., 2018). Combined wider strategies, including behavioural approaches, are 

needed to achieve successful treatments and complete knowledge of the pathways regulating body 

homeostasis.  Although cognitive and behavioural procedures have been applied during the last 

years, they are not completely understood (Van Dorsten and Lindley 2008). Evidence showed that 

eating traits and patterns (associated to BMI and fat mass, thus obesity) have a robust effect on 

energy intake and energy balance (Almiron-Roig et al., 2019; Fogel et al., 2017; Ford et al., 2009; 

Llewellyn et al., 2008; Ohkuma et al., 2015; Robinson et al., 2014a). Thus, natural eating behaviour 

can be modified by obesity. 

Moreover, obesity has been considered as a complex social problem induced by several 

environmental factors and perpetuated by poor individual lifestyle behaviours and choices (Swinburn 

et al., 2011) (Government Office for Science, 2007).   

An increased interest in understanding the role of genetics in obesity has been detected (Hill and 

Peters, 1998; Pereira-Lancha et al., 2012). However, the  rise in obesity prevalence during the last 

decades cannot be explained by genetic changes (Hill and Peters, 1998; Jebb, 1999)). Therefore, the 

development and prevalence fluctuations in obesity are influenced predominantly by environmental 

and behavioural factors. Studies improving the understanding of the causes of excessive weight gain 

and assessing the role of these components should be conducted to understand their impact and 

help design new therapies to counteract this global epidemic (Powell-Wiley et al., 2021). 

 

Food portion size: portion size-effect and consumption habits 

One contextual factor that has a strong environmental component and is linked with obesity is food 

portion size (PS), which has been described as a putative element influencing self-regulatory capacity 

towards food (Hobbs and Radley, 2020). 

Portion size is defined as the amount of a given food or beverage reasonably expected to be 

consumed by an individual in a single consumption occasion (Food Drink Europe, 2010). A portion 

may reflect a person´s own choice, the choice of the restaurant, that of a food producer, or a 

recommendation from a health professional or the government (Benton, 2015; Lewis et al., 2012). 

In the last decades, the increase in food and beverages portion sizes have occurred in parallel to the 

increase of body weight (Steenhuis and Poelman, 2017). The world population is continuously 
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exposed to larger portions of high energy-density food and beverages, leading to an increase in 

energy intake (Figure 2); this phenomenon is known as the portion size effect (PSE) (Zuraikat et al., 

2019). 

 
Figure 2. Portion size change trends over the las decades (based on Centres for Disease Control 

and Prevention, 2017)�³&'&�´������. 

 

Development in the food service industry development has been closely related with the rise in 

obesity. Marketing programs, specially changes in packaging size and price, have been identified as 

conditional factors in portion size choice. Package sizes and design of products sold in supermarkets, 

such as snacks, ready-to-eat meals and sugar-sweetened beverages have changed over the last 

years  (Livingstone and Pourshahidi, 2014). Super sizing strategies, specially applying proportionally 

lower prices for larger portion sizes, and multi-packs and sharing/giant packages have been used to 

persuade customers to choose larger portion sizes, encouraging overconsumption (Dobson and 

Gerstner, 2010). Promotional activities by the food industry, especially price promotions, have 

promoted less-healthy product consumption. Nakamura et al. (2015) reported that price promotions 

are applied for less-healthy food categories contributing to poor dietary intake. Moreover, higher 

socioeconomic status was more susceptible to these promotional activities either applied to healthy 

or less healthy food (Nakumara et al. 2015). These findings indicate that the ability to respond to 
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promotions involved cognitive abilities, information, and skills, suggesting that it is necessary to limit 

and control promotions in order to improve population diet.  

The increasing trend of food and beverages portion sizes have been detected on both restaurants 

(including take-away) and home-made meals, especially applied to high energy density foods 

(Livingstone and Pourshahidi, 2014), promoting acute and chronic impact on energy intake and 

associated weight gain and health complications (Robinson and Kersbergen, 2018). 

In parallel, constant exposure to large food portion sizes can cause consumers perceive them as 

DSSURSULDWH� DQG� ³QRUPDO´� amounts to eat, triggering portion size distortion (Lewis et al., 2015; 

Livingstone and Pourshahidi, 2014). Conceptualizing large portion sizes as suitable amounts to eat 

at a single eating occasion may contribute to increase energy intake, therefore overconsumption. 

Norms for portion size could be classified in two different types: personal norms (the amount of a food 

a person considers to be a normal amount for themselves to eat in a given situation) and social norms 

(the amount of food a person believes other people consider as normal in a given situation). Li ttle is 

known about the link between social and personal norms as well as the impact of external cues and 

eating behaviour on them (Rangan et al., 2009). A recent study conducted by Lewis et al. (2015), 

showed that personal norms could be associated to a higher susceptibility to external cues (food 

environment) which could increase food intake. This research group also reported that portion norms 

of participants with obesity, mainly men, were significantly larger than participants with lower dietary 

restraint, higher liking for the food and larger than social norms. The difference between personal and 

social norm may be due to personal variability. Existing approaches to reverse portion size distortion 

and standardise appropriate portion size as normal, are limited and insufficient. A small number of 

studies provides information showing how exposure to specific portion sizes could impact food intake 

(immediately or on subsequent meals) and portion norms (perception of portion size).The results 

found are not fully consistent, while some studies found that being exposed to smaller portion size 

(perceived smaller than normal) resulted in an of additional energy intake (immediately) (Haynes et 

al., 2020b); others showed a decrease on energy intake on the subsequent meals/days (Robinson et 

al., 2019). Moreover, visual exposure to larger portion size altered the perception of ideal portion size, 

enlarging the self-reported meal size (Robinson et al., 2016). On the contrary, Raghoebar et al. (2019) 

reported that smaller portion size help recalibrate or change portion size norms perception which may 

reduce future consumption of that food. In particular, participants exposed to smaller portion size 

reduced food portion size of the subsequent meal and changed perceived social norms. 

Consumption habits have also changed drastically over the past years. Traditional diets, such as the 

0HGLWHUUDQHDQ�GLHW�KDYH�HYROYHG�WR�D�³ZHVWHUQL]HG´�GLHW�ZKHUH�KLJKHU�OHYHOV�RI�IDW��VDOW�DQG�VXJDU�
have been introduced to daily consumption (Gilbert and Khokhar, 2008; Popkin et al., 2012). Also, 

beverage consumption habits have been modified over the years (Barrio-Lopez et al., 2013). Milk has 

been reduced and replaced by soft and fruit beverages, mainly in high-income countries, although 

this ³QXWULWLRQ� WUDQVLWLRQ´� LV� UDSLGO\� UHDFKLQJ�PLGGOH� DQG� ORZ-income countries (Baker et al., 2020; 
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Garriguet, 2019). A Cochrane review reported that exposure to larger portions, packages, individual 

units or tableware produces an increase (moderate effect) in food and non-alcoholic beverages 

portion size can be translated into 215 and 279 kcal more per day among UK population (including 

adults and children) (Hollands et al., 2015). The consumption of extra calories favours a secular 

increase in energy and weight gain (Pereira et al., 2013).  

All these changes result in an alteration of dietary habits and quality as well as an increase diet-

related non- communicable diseases incidence (Baker et al., 2020; Gilbert and Khokhar, 2008). 

Moreover, several studies have concluded that the PSE is multi-factorial (Table 1). 

 

Table 1. Identified key elements of the portion-size-effect and their description 

Aspects Definition and description 
Appropriateness or norms Individual perception or belief of what constitutes an appropriate or normal 

portion size to consume in a single occasion.  
Visual cues A sensorial signal such as the size and shape of dishware, packaging or 

container to guide a person´s portion-size consumption.  
Unit bias The tendency for people to consider the amount as appropriate to eat one 

unit of food at one single occasion independently from its size.  
Bite size The amount taken/consumed per bite. People tend to increase the size of 

their bites when they are exposed to larger food portions.  

Previous 
experience/expectation 

Prior experiences and personal expectation concerning the degree of fullness 
induced by a food might steer portion size choice.  

Awareness and estimation bias Consciousness about appropriate or reference portion size and the ability to 
estimate it.  

Mindless eating Eating while distracted which could potentially impairs the ability to estimate 
the amount of food intake and leads to consume larger amounts 
(overconsumption).  

Value for money Food price which is a salient driver of food choice.  People are likely to pay 
more for a larger portion considering them as better value for money.  

Plate/tableware size Design and size of the food container that can influence portion size  
perception (visual illusion).   

Labelling Identifying marks proving the content and nutritional information of the 
product. This information can generate specific assumptions about nutritional 
characteristics of food, modulating portion size choice.  

Package size Packages dimensions and capacity. The size of the container may influence 
the ability to estimate the amount of food in it.  

References: (Almiron-Roig et al., 2015; Benton, 2015; Brunstrom et al., 2012; Geier et al., 2006; Moray et al., 2007; Herman 

et al., 2015; Robinson et al., 2014; Robinson and Kersbergen, 2018; Steenhuis and Poelman, 2017). 
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The physical form of consumed calories has also been stablished as a determinant factor for satiety 

and food consumption (Almiron-Roig et al., 2013; Appleton et al., 2021). Evidence has revealed 

differences in hunger, satiety and energy compensation between beverages and solid foods. Textural 

parameter showed limited effects on subsequent consumption but can increase satiation (Appleton 

et al., 2021). Overall, the evidence suggests that liquid calories fail to trigger physiological satiety 

mechanisms (Appleton et al., 2021). Furthermore, eating behaviour parameters and satiety 

mechanisms could be defined or regulated by the type of beverage/food consumed, preload volume-

calories, time lapse and subject characteristics can condition the effect on satiety and on overall eating 

behaviour parameters (Almiron-Roig et al., 2013).  

In addition, either eating or drinking induces cognitive and hedonic sensations that can modulate the 

reward of food or beverage ingestion (Ciccantelli et al., 2017). Sensory aspects (taste and olfactory 

cues) and physical characteristics (food texture and colour) have been described as crucial elements 

influencing satiation and subsequent consumption of food (Appleton et al., 2021; Van Ittersum and 

Wansink, 2012). 

Besides, exposure to large portion sizes, regardless the state of matter, may not only lead to increase 

energy intake, but could also modulate or alter eating behaviour parameters. In particular, large food 

portion sizes increase eating rate and bite size, perhaps mediated by the visual effects from the food 

remaining on provided containers (English et al., 2015). Related to these stimuli, several studies 

established that visual effects could be linked to the food-reward response. In addition, portion size 

seems to play a key role on expected satiety and post-ingestive mechanisms (molecular and cellular 

level involved in body fat storage and changes feeding behaviour) (Benton, 2015; Morton et al., 2006). 

Findings show that previous knowledge and predispositions, are important for portion size choice, 

prior to food consumption, indicating learning and adaptation. Moreover, the response to consuming 

an increased portion size, depends on macronutrient composition and could reduce energy intake in 

subsequent meals (Clegg and Shafat, 2010; Sánchez-Pimienta et al., 2021). 

Zuraikat et al. (2019) have grouped the components involved on the portion size-effect in three 

different levels: environmental moderators, food-related moderators and consumer-level moderators 

(Figure 3). 



Introduction 

9 

 

  
Figure 3. Working model encapsulating what is now known about the complex interplay between 

factors contributing to or moderating the PSE (compiled and published by Zuraikat et al. (2019)).  

 

Environmental mediators, including labelling, training, food container and nutritional facts are a direct 

way to provide information (energy/ macro-nutrient content) about the consumed amount.. Labels and 

portion-size training provide information about the appropriate amount to eat as well as food energy 

density of a specific portion size, increasing PS knowledge and PS awareness (Zuraikat et al., 2019). 

Food-related moderators consist of food value, palatability and energy density. While palatability and 

energy density are intrinsic characteristics of food, food value is an extrinsic factor that depends on 

food characteristics. Food value could be influential in determining how much to eat, especially larger 

portion sizes. 

Consumer-level comprises meal micro-structural parameters (bite size and eating rate) and satiety 

responsiveness. All of them have been described to be susceptible to changes in serving size. A 

small food PS can decrease bite size, eating rate and perceived satiety. All these components have 

been studied for short- and long-term impact on portion control, showing inconsistent results across 

individuals of different gender and body weight (Almiron-Roig et al., 2020). 

Despite effects of the consumption of larger portion sizes are well described, knowledge gaps remain 

around the cognitive processes involved and how reducing PS could impact overall weight-loss 

effects and energy balance (Almiron-Roig et al., 2019). Different factors are involved in the cognitive 

response to different food portion sizes, although their specific impact is still undisclosed. Sensory 

experience (palatability), conscious sensations (satiation/fullness), digestive and phycological well-
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being (satisfaction), food properties (volume/portion size, caloric intake, nutrient composition and 

physical components- viscosity, texture and food form), liking and wanting have been describe as 

potential modulators playing an important role on regulating the cognitive response (Hernández Ruiz 

de Eguilaz et al., 2018; Yeomans et al., 2016)  

Further investigations assessing the different factors (environmental, food-related and consumer level 

moderator) and mechanisms involved on PS selection/intake, will help understand the mechanisms 

underlying the portion size-effect and all the processes and mechanisms implicated in portion size 

control.  

 
PORTION SIZE CONTROL MECHANISMS 

A visual scheme describing the mechanisms involved in portion size regulation, as analysed in this 
work, is displayed below (Figure 4).  Each process is extensively described in the following sections. 

 

 

 

Figure 4. Summary of portion size control mechanisms as explored in this work. 
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Portion Size and meal micro-structural parameters 

Portion size has been closely associated with changes in meal eating behaviour parameters such as 

changes in bite size, eating rate and deceleration rate also known as meal micro-structural 

parameters (Almiron-Roig et al., 2015; Laessle et al., 2007; Yeomans, 2000).  

Although bite size and eating rate are inherited traits closely related with BMI and fat mass, they can 

be trainable (Almiron-Roig et al., 2020; Llewellyn et al., 2008; Pereira and van der Bilt, 2016). For 

example, eating rate and bite size are influenced by food texture, physical state of food (e.g., liquid, 

solid, units, amorphous), presentation style (e.g., plate, bowl), method of delivery (e.g., hands, spoon, 

fork, drinking) and portion size (Burger et al., 2011). Strategies based on texture and portion size 

modification could help modulate both eating rate and bite size (Robinson et al., 2014a). Recent 

studies showed that exposure to large portion sizes led to larger bite sizes and faster eating rate 

(Almiron-Roig et al., 2015). For example, exposure to large amount of food increases the desire to 

eat, which could drive to eat faster as well as to load more food on the fork (Hollands et al., 2015). In 

addition, large portion size not only alters the eating speed, but it also prolongs the initial eating rate 

throughout the meal, delaying the typical slowdown (deceleration rate) that occurs as the food portion 

size reduces. Deceleration rate is produced when little food is left on the plate besides that response 

to satiety feelings also increase towards the end of the meal. Burger et al. (2011) described two main 

findings, a cognitive and mechanical process, about the mechanisms underlying PSE on food intake. 

First, coinciding with previous data (Hollands et al., 2015), they stated that the visual presentation of 

food in combination with the plate space, defined as the visibly detectable amount of empty plate, 

created an optical signal that influences the amount of food ingested as well as served as a proxy of 

how much has been eaten. Second, data showed that food volume impacted bite size; having more 

food available increased the bite size. These processes are correlated and add up to influence food 

intake. Moreover, increasing the awareness by the visual signals created can also change portions 

norms. This recalibration of portion norms could also affect the intake, appetite and hunger 

sensations, meal eating behaviour, etc, although it has not been conclusively proven. 

Robinson et al. (2014) also proposed other possible mechanisms by which eating rate and bite size 

could affect intake. For eating rate, the magnitude of oral exposure (duration and intensity) will lead 

to a lower or higher energy intake. A lower eating rate is associated to a higher sensory exposure per 

unit of food, either in kcal or grams, which leads to a lower energy intake.  In addition, increasing the 

number of bites or chews per unit of food also decreased energy intake. Subjective appetite could 

also be related with bites and chews. Some people have developed a learned association between 

the number of bites or chews and feelings of satiation. Moreover, eating rate and frequency of chewing 

could also affect satiety by two main pathways; altering concentrations of satiety hormones (insulin, 

glucagon-like peptide 1, cholecystokinin, peptide YY, pancreatic polypeptide, and triglycerides) and 
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differences in stomach distension and gastric emptying, although more work is needed to clarify these 

associations. 

The inter-relationship between portion size and meal micro-structural parameters and their effects on 

intake could vary among individuals (Almiron-Roig et al., 2020; Robinson et al., 2014a). Personal and 

demographic characteristics can modulate the response to food visual cues created by different 

portion size (Schur et al., 2009). Several studies based their design on manipulating the 

microstructure of within-meal eating behaviour in order to regulate food intake (James et al., 2018). 

Evidence suggests that increasing food oral processing (oro-sensory exposure), by decreasing eating 

rate and bite size, could help reduce food intake (Forde et al., 2013). BMI, liking and environmental 

factors also play a fundamental role regulating meal micro-structure parameters (Almiron-Roig et al., 

2015). Presenting large amounts of a liked food to participants with overweight increases the desire 

to eat which could be interpreted as an urge to eat more quickly, decreasing the oral processing time 

(Almiron-Roig et al., 2015). 

Eating setting (lab studies and outside lab studies), tableware and cutlery size, for example, can 

impact eating rate and bite size (Mattfeld et al., 2017; Pereira and van der Bilt, 2016). However, the 

isolated effect of these three elements is difficult to detect since they are predominantly used as a 

combined/joint strategy.  One study evaluating the effect of manipulating cutlery size in healthy young 

men (spoon size) as a unique strategy, reported that eating with a small spoon resulted in a significant 

decrease in food intake (James et al., 2018). This effect could be driven by the reduction in bite size 

and eating rate while using the small spoon (James et al., 2018). Moreover, eating settings influences 

eating behaviour. While eating with small size fork in a controlled laboratory environment resulted in 

decreasing food intake, but consumption in a habitual restaurant showed controverted effects, making 

difficult to make final conclusions about eating environment (James et al., 2018; Mishra et al., 2012). 

One study evaluating the impact of serving spoon size on children, revealed that serving with a large 

serving spoon resulted on an increase of 13% on the amount of food (Fisher et al., 2013). Evidence 

of tableware size impact on food intake and its impact on eating behaviour, remains considerable 

uncertain since high quality studies are still needed. 

As size and shape, tableware design has also been described as a key factor that could impact food 

portion size. A specific design of a calibrated plate should help not only to reduce food intake, but 

also to modulate overall eating behaviour resulting on a beneficial effect on body weight (Almiron-

Roig et al., 2019; Huber et al., 2015; Kesman et al., 2011).  

Modifying meal micro-structural parameters (by reducing eating rate, bite size and number) can 

contribute to weight loss. More studies are needed to elucidate the effect of strategies that potentially 

alter eating behaviour, particularly eating rate and bite number and size, such as specific tableware 

design, food forms and verbal or visual instructions. 
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The effect of portion size is not only limited to meal micro-structure parameters, modifying food 

amount can also affect other control centres including appetite, satiety, hormonal response, cognitive 

system, among others. 

 

PORTION SIZE AND THE APPETITE CONTROL SYSTEM 

Food portion size has been closely linked to the complex appetite control system. Direct (gut) and 

indirect (behavioural) controls of meal size have an impact on satiety and food intake control. The 

state of satiety is composed of two stages: satiety and satiation, both reached after ingesting an 

adequate amount of food during a specific period of time (Hetherington, 2016). Satiation is set of 

sensory, gastric, and physiological signals, providing negative feedback that leads to finish eating and 

determined the amount consumed on a single occasion (Forde et al., 2015; Hetherington, 2016). 

Satiety is the state of appetite suppression that follows the state of satiation and determines the period 

between meals and how much is consumed on the next meal (Forde et al., 2015; Hetherington, 2016). 

Both, satiety and satiation are influenced by food characteristics as well as individual cognitive, 

VHQVRU\�DQG�SK\VLRORJLFDO� IDFWRUV� LQ�ZKDW� LV�NQRZQ�DV� WKH�³VDWLHW\�FDVFDGH´�PRGHO� (Hetherington, 

2016) (Figure 5). 

 

Figure 5. Satiety cascade model from  Blundell et al. (2015) as published in Hetherington (2016). 
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Satiety (Figure 5) is regulated by both external signals (sensory properties of food or how a food is 

presented) and internal signals (hormones and neurotransmitters secreted by the gastrointestinal 

system and the brain) (Berthoud et al., 2017). These internal and external signals constitute the gut-

brain and brain-gut axes that modulate appetite, satiety and energy intake (Hernández Ruiz de 

Eguilaz et al., 2018; M. Lasschuijt et al., 2020; Smeets et al., 2010). The brain-gut axis in particular 

is the basis of the cephalic satiety response and is stimulated by the senses, through the organoleptic 

and nutritional properties of food, such as its physical appearance, texture, or macronutrient 

composition (M. Lasschuijt et al., 2020; Yeomans et al., 2016). In relation to this, a study showed how 

beliefs about food characteristics can affect later satiety, which is closely associated with cephalic 

response satiety (Cassady et al., 2012). Oral and gastric viscosity have a direct relation with post-

prandial hormones release. Liquid food compared to solid food, increases gastric-emptying and 

provoke a smaller reduction in ghrelin and a lower increase of insulin and GLP-1 levels (Hoad et al., 

2004). Gastric emptying and gastrointestinal transit can regulate (enhance or diminish) satiety closely 

related with the release of the satiety hormones (insulin and GLP-1) (Cassady et al., 2012; Marciani 

et al., 2001). 

The specific impact of portion size on satiety (subjective and expected) and physiological response 

(cephalic-phase and intestinal satiety responses) are described in detail in the next segments. 

 

Portion size and satiety  

Subjective/ expected satiety is defined as the persisting sensation of repletion that results from eating 

(Brunstrom, 2011; Raubenheimer and Simpson, 2019). This satiating perception is an acquired and 

learned feeling based on previous eating experiences and sensory properties perception of food as 

well as its capacity to induce satiation (Peng, 2017). Expected satiety has also been related with 

overall oro-sensory exposure time of food (Forde et al., 2013). Evidenced showed that lower satiety 

levels are associated to food that can be ingested quickly having a low oro-sensory exposure. Oro-

sensory exposure can be defined as the in-mouth sensory perception to food (M. Lasschuijt et al., 

2020). Due to the associated non-objective nature, it is difficult to assess and quantify these 

sensations (appetite and satiety) (Kral, 2006). Most of the existing evidence have used 100-mm Visual 

Analog Scales (VAS) to measure food related feelings such as hunger, fullness, desire to eat, 

expected satiety, among others (Almiron-Roig et al., 2009) either in paper or electronic version. 

Although not consistently, most studies report a positive association between expected satiety, ideal 

or habitual portion size, and longer oral processing time of food (McLeod et al., 2020). Studies 

conducted in adults and adolescents with overweight or obesity referred a higher expected satiety 

with prolonged exposure to food in the oral cavity (Angelopoulos et al., 2014; Hollis, 2018; Rigamonti 

et al., 2013). Foods that can be quickly ingested, due to their texture, have been reported to have a 

low satiating efficacy because of the reduced oral-sensory exposure (Forde et al., 2013). A lower 
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eating rate, which increases the oro-sensory exposure, is related with higher satiety ratings that could 

improve early anticipation of digestive and metabolic responses (Forde et al., 2013; Goh et al., 2021). 

The eating context has also been described a crucial factor mediating expected satiety, for example 

type or size of plate and the whole meal setting (Peng, 2017). Plate type, especially plate area and 

food area could alter the perception of food volume; this effect is known as the plate-size-effect. 

Previous studies using different tableware size (plates and bowls) reported they induced serving 

biases due to the Delboeuf illusion (the phenomenon that the perceived size of a circle changes as a 

function of the size of a concentric circle surrounding it) which may explain why consumers serve 

more on larger plates and bowls (Figure 6) (McClain et al., 2014; Wansink and van Ittersum, 2013). 

 
Figure 6. The Delboeuf illusion in the context of dinnerware size.  a. Delboeuf illusion shown with 

concentric circles; b. Delboeuf illusion shown with actual food (pasta) on large vs. small plate (adapted 

from Wansink and van Ittersum (2013)). 

 

Although the plate-size-effect has not been related to a reduction in food intake, it could alter expected 

satiety confirming the importance of optical illusion/visual perceptions on food intake (Brunstrom and 

Rogers, 2009; English et al., 2015). Individual characteristics, especially sex and BMI have been 

identified as important factors mediating plate-size-effect susceptibility on food intake (Brunstrom and 

Shakeshaft, 2009; Peng, 2017). Plate design , without size adjustments, could also induce changes 

(Almiron-Roig et al., 2016a, 2019; Ho et al., 2016; Huber et al., 2015; Hughes et al., 2017; Kesman 

et al., 2011; Pedersen, 2007). McClain et al. (2014) states that plate design elements namely rim 

width and rim colouring could alter food portion size perception due to the Delboeuf illusion. The 
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differences in visual perception could modulate the selected portion size resulting on a reduction or 

increment of energy intake.    

In addition, perception of food portion size could also condition self-reported ratings of expected 

satiety. Consuming a smaller portion size than the ideal or habitual may reduce self-reported expected 

satiety (Brunstrom and Rogers, 2009; McLeod et al., 2020; Wilkinson et al., 2012). People could think 

that the portion size to which they are exposed to, will not satiate as the habitual (larger) portion size, 

confirming that previous experience with food might predict a person´s response to food exposure 

and subsequent expected satiety feelings.  

Given the importance of subjective appetite and satiety, more studies are needed, paying special 

attention on underlying associations between the sensory characteristics of a food and its post-

ingestive effects, as well as the learning processes which have been described as the basis on which 

these judgements are made (Brunstrom and Rogers, 2009).  

Finally,  appetite, satiety and PSE are not only regulated by psychological or subjective factors; they 

are strongly controlled by physiological processes that will be described in the next section (Blundell 

et al., 2015). 

 

Food portion size and physiological responses (cephalic-phase and intestinal satiety 
responses) 

Endocrine responses, as subjective appetite, are linked to oral- processing (M. Lasschuijt et al., 

2020). Despite it is well known that food digestion and satiation processes initiate in the oral cavity 

(Hollis, 2018), limited data exists regarding the link between meal micro-structural parameters, 

appetitive sensations and hormonal responses (Leidy et al., 2010). Research correlating the 

physiological impact of eating rate and bite size on satiety have shown conflicting results (Hawton et 

al., 2018). Despite the inconsistent evidence, potential physiological mechanisms have been 

proposed. One hypothesis stipulated that a greater oral processing of food (eating slower) would 

SURPRWH� DQG� VWLPXODWH� WKH� UHOHDVH� RI� ³VDWLHW\� KRUPRQHV´� such as pancreatic polypeptide (PP), 

glucagon-like peptide-1 (GLP-1), cholecystokinin (CCK), among others (Ferriday et al., 2015). 

The regulation of food intake starts before its ingestion by means of cephalic responses (CPR) (M. 

Lasschuijt et al., 2020). Exposure to multisensory food cues such as sight, smell or taste may activate 

the release of saliva and insulin preparing the body for ingestion and further digestion (Morquecho-

Campos et al., 2020). CPRs are defined as innate and learned physiological responses to sensory 

signals that prepare the gastrointestinal tract for an optimal processing of the ingested foods (Smeets 

et al., 2010). Different stimuli (i.e., exposure to different food portion sizes, nutrient composition or 

sensory food properties) or mechanical processes (i.e., eating rate and chewing frequency) are 

associated with specific response that could modulate food intake and satiety hormones (Robinson 

et al., 2014a; Yeomans et al., 2016). 
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Although taste and mastication seem to exert the strongest influence on cephalic response, smell and 

sight can trigger early secretion of digestive hormones (Smeets et al., 2010). Thus, a single exposure 

to food cues produces different psychological (motivation or desire to eat) and physiological effects, 

increasing hunger as well as enhancing salivation, gastric and pancreatic endocrine secretions 

(Almiron-Roig et al., 2015; M. Lasschuijt et al., 2020; Robinson et al., 2014a). 

Among all these signals and cues, the best known and most studied hormones involved in the CPRs 

are ghrelin, GLP-1, CCK, insulin and the pancreatic polypeptide (PP) (Hussain and Bloom, 2013; 

Korek et al., 2013a; Smeets et al., 2010; Teff, 2000), being insulin and PP the most related to the 

satiety response (M. P. Lasschuijt et al., 2020; Yeomans et al., 2016)  

Despite weak consensus exists integrating the results of the impact of multiple sensory and cognitive 

factors on CPRs (M. P. Lasschuijt et al., 2020), some studies have described potential mediators in 

the response, mainly food sensory characteristics and nutrient composition, that could drive to 

important functional and outcomes (Yeomans et al., 2016). Both food intake and rated appetite could 

be altered when been exposed to different food texture (thin vs., thick; lumpy vs. creamy) and 

nutritional composition (energy density), suggesting that CPR is sensory and nutrient content-

dependant. Satiety hormone secretion is not uniform. Whereas pancreatic polypeptide seems to be 

stimulated by enhanced-sensory manipulations, insulin secretion responds mostly to nutrient 

manipulation (high energy). On the other hand, CCK release depends both on the sensory and 

nutrient manipulation. No data has been reported for ghrelin, GLP-1 or polypeptide YY so far. Further 

work is needed to test  other hormones implicated with appetite control (Lasschuijt et al., 2021). 

Beyond food attributes, CPRs sensitivity to cue exposure depends on individual characteristics such 

as BMI, basal blood levels and eating behaviour (eating rate and chewing frequency) (Almiron-Roig 

et al., 2015; M. Lasschuijt et al., 2020; Robinson et al., 2014a), making difficult to determine the 

specific effect of food cues on CPRs.  

Finally, considering the inconsistent findings of CPR, large population-level studies are needed to 

surmise and elucidate the real impact of al the described tools in satiety hormones. Knowing the real 

impact of internal signals will allows us to understand in greater depth the processes of satiation, 

satiety and expected satiety and, therefore, to better understand how individuals manage portion size 

selection and intake (Almiron-Roig et al., 2020; Forde et al., 2015; Hernández Ruiz de Eguilaz et al., 

2018). 

 

Cognitive mechanisms involved in food portion control 

Processes such as attention and perception have an important impact on energy intake, eating 

behaviour and physiological responses (Altheimer et al., 2021; Ferriday et al., 2015; Mattes, 2014; 

Smeets et al., 2010). It is essential to elucidate and fully understand these and other cognitive 
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processes related to portion size-effect, to develop effective interventions and design specific 

strategies or tools that help modulate portion size choice and intake. 

Food consumption is based on decisions responding to complex interactions between homeostatic 

and hedonic mechanisms. So far, several behavioural and physiological effects of portion control 

strategies and tools have been described, however the exact mechanisms by which portion control 

tools specifically may work is still not fully understood. Several pathways have been proposed as 

potential modulators of portion control cognitive processes (Figure 7).  
 

 
Figure 7. Potential mechanisms involved in portion control based on the effects of visual cues in 

tableware and food packaging (compiled and published by Vargas-Alvarez et al. (2021)).  

 

&RLQFLGLQJ�ZLWK�WKH�SRSXODU�SURYHUE�³\RX�HDW�ZLWK�\RXU�H\HV�ILUVW´, visual cues have been described 

as one of the strongest first-step mediators on portion control. Findings concerning visual perception 

have determined that visual cues could trigger brain signalling cascade modulating subjective hunger, 

food reward and the perception of food (Mehta et al., 2012). Based on these findings, two mediator 

pathways are considered in the proposed model, one at the time of serving (green arrows and circles); 
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and one at the time of eating (orange arrows and circles). Stimuli are indicated in rectangles, 

mechanisms in circles and behaviours in triangles. 

According to the suggested model, when food is presented in special containers with portion size or 

volume demarcations (either for a single portion or for multiple portions within a meal), provides 

feedback on the amounts of food selected or consumed. Visual cues created when serving (pathway 

A Figure 6) are unconsciously contrasted with the pre-existing memory of the habitual portion for that 

food. This visual feedback could increase attention at serving time and could help generate lasting 

visual memories that will potentially help update knowledge about what constitutes a normal portion 

size (portion size norms) (Almiron-Roig et al., 2019; Haynes et al., 2020a, 2020b; Hollands et al., 

2015; Robinson et al., 2014a; Robinson et al., 2014; Robinson and Kersbergen, 2018).  

Further, when eating, utensil demarcations could also play a significant role, since they create visual 

feedback that could increase attention potentially enhancing the response to internal satiation cues 

that might otherwise be ignored if eating while distracted (pathway B1 in Figure 6) (Robinson et al., 

2013).. Size, design and demarcations on utensils, can also influence bite size, eating rate and 

changes in eating rate (Almiron-Roig et al., 2015; Mishra et al., 2012; Wilkinson et al., 2012) (pathway 

B2, Figure 6). These changes in meal eating behaviour could modulate the response to internal 

satiation cues and help recalibrate perception of expected satiation (Robinson et al., 2013). Such 

recalibration processes occurring while eating, could influence future serving behaviours (pathway 

B3, Figure 6). 

Neural cognitive and physiological processes can vary among individuals showing different food cue-

responsiveness.  

Overall, further studies are necessary to confirm the two proposed mechanisms modulating the 

impact of portion size control (recalibration of portion size norms and recalibration of expected 

satiation) and the potential effect to reduce overall energy intake without significant compensatory 

behaviour (perhaps via physiological feedback, pathway C; Figure 6), in order to contribute to weight 

management (Haynes et al., 2020a). The use and evaluation of portion control tools could provide 

helpful information to clarify the processes involved in portion control.  

 

PORTION CONTROL TOOLS 

Despite the existing information around portion control strategies and tools, mechanisms of actions 

are not fully understood, and long-term effect on controlling portion sizes, thus food intake, is still a 

challenge (Almiron-Roig et al., 2019). 

Size and design of tableware have been proposed as a practical and effective strategy to modulate 

intake by aiding portion control (Almiron-Roig et al., 2016a, 2019; Kesman et al., 2011; Pedersen, 

2007). Several reviews and meta-analyses (MA) have evaluated the existing strategies and specific 

tools to help with portion control (Almiron-Roig et al., 2020; Holden et al., 2016; Hollands et al., 2015; 
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Libotte et al., 2014; Robinson et al., 2014) reported no reliable effects on food consumption between 

small and large dishware. The marginal and small magnitude effect found could be due to the 

heterogeneity across the studies. Studies included in the analyses differed in their methodology (lab 

studies vs. free-living studies; main meals vs. snacks; randomized controlled trials (RCT) vs. non-

randomised trials), and study populations (adults vs. children; patients vs. healthy subjects), which 

could explain the variability in the results.  

An early review (Robinson et al., 2014) (Robinson et al., 2014) did not find any substantial plate-size 

effect reporting a marginal small effect, however, two later, broader reviews by Hollands et al. (2015) 

and Holden et al. (2016) identified effects for smaller vs. larger dinnerware (plates, glasses and 

bowls). The Hollands et al. (2015) review assessed the effects of exposure to different portion sizes, 

package, individual unit or item of tableware on unregulated selection or consumption of food, alcohol 

or tobacco products. They described a small to moderate effect (SMD 0.38) when children and adults 

were exposed to different portion sizes. Moreover, the authors identified two main findings regarding 

size and shape. Specifically, people selected and ate less food, reporting an average reduction on 

daily energy consumption of 200 kcal among UK population, when they were offered or exposed to 

smaller-sized portions than with larger-sized versions. Likewise, participants selected or drank larger 

amounts with shorter, wider bottles in comparison to taller, narrower bottles. These results indicate 

that reducing the portion size, package, individual unit or item of tableware will reduce portion size 

selection and consumption. Equivalent results were described by Holden et al. (2016), showing a 

medium-size effect (SMD 0.43) but only when the consumer self-served their own food on smaller 

plates or bowls. It is important to consider that the effect of tableware manipulation described by 

Holden et al. (2016) included serving plates and bowls, which could influence the results.  

 

A recent review by Almiron-Roig et al. (2019),  assessed the existing gaps on portion-size reduction 

strategies across individuals and eating contexts. Three levels of action were considered: food- level 

strategies (targeting commercial snack and meal portion sizes, packaging, food labels, tableware, 

and food sensory properties), individual-level strategies (targeting eating rate and bite size, portion 

norms, plate-cleaning tendencies, and cognitive processes), and population approaches (targeting 

the physical, social, and economic environment and health policy). Food-level strategies included 

reduced portion sizes of restaurant and manufactured meals and snacks; reduced pack and container 

size; packaging with portion size marks (calibration marks); portion size information on food 

packaging; and modified serving and eating utensils. Findings showed a strong potential effect for 

modified commercial portion sizes and packaging, and some types of tableware (size or shape of 

plates, bowls, cutlery, or glasses), specially for calibrated plates (also known as portion control plates).  

The previous described reviews included studies featuring weight management strategies such as 

dietetic counselling, making difficult to determine the effect of the portion tools per se. Moreover, most 

of these reviews reported methodological issues, mainly due to incomplete or unclear methods and 
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procedures from the original studies. Besides, some reviews have included several studies that have 

been later retracted, limiting the reliability of the findings. As a whole, these previous works highlight 

the need for further research to consent results as well as to address the gap of insufficient evidence 

for specific types of instruments and their longer-term effects.  

 

DEVELOPMENT OF NEW PORTION CONTROL TOOLS AND STRATEGIES 

Education on portion size has been described as a promising strategy to counteract portion distortion 

caused by chronic exposure to inappropriate food or beverages portion sizes (Tamara Bucher et al., 

2017). Currently, there is a wide variety of tools and strategies designed to control portion sizes. Two 

main approaches have been proposed: portion control tools and fixed-portion packages of foods and 

beverages (Almiron-Roig et al., 2016a, 2019; Ho et al., 2016; Hughes et al., 2017; Jayawardena et 

al., 2019; Kesman et al., 2011; Pedersen, 2007; Rolls et al., 2017). Although several studies showed 

that pre-portioned food and beverages can produce greater impact on reducing food intake when 

compared to other portion control strategies such as standard advice and portion control tools 

(Hannum et al., 2006; Rolls et al., 2017), this positive effect, enhancing early weight loss, disappears 

when the individual is not exposed to the tool or package. In other words, the impact of both portion 

tools and reduced portion size offerings is dependent on constant exposure and tends to be short-

lived, especially for the pre-packaged meals (Rolls et al., 2017). 
In addition, despite their positive effects, pre-portioned food and beverages are less susceptible than 

portion control tools to increase portion size awareness and to improve portion control behaviour that 

results in a greater ability to judge what is an appropriate amount to consume of a particular 

food/beverage.  

 

A variety of portion control tools have been tested in different studies. Some of these tools, mainly 

measuring tools such as scales, cups and spoons were incorporated into dietary counselling where 

individuals were taught on how to use them for reporting previously consumed foods. Measuring tools 

resulted in a slightly significant improvement on portion size estimation accuracy, however their effect 

normally faded over time (Rolls, 2014). Several problems have been identified as possible factors 

mitigating the impact of measuring tools on food or beverage intake. One of them is that measuring 

units and terminology related to portion size are inconsistent across countries inducing confusion and 

hindering efficient education (Bucher et al., 2017). Also, measuring tools need constant professional 

guidance and a degree of nutritional knowledge to use them properly. Moreover, during the last 

century most of the studies used dietary assessment tools rather than portion size estimation aids 

(PSEA) to measure diet food or beverage intake (as 24h recall, diet history questionnaire, etc.). 

Despite these methods have shown lack precision due to problems with recall and cognitive 

complexity (Cade, 2017), they are widely used due to due to their advantages in terms of feasibility, 
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cost-effectiveness and logistic issues (Conrad and Nöthlings, 2017). While dietary assessment tools 

measure and collect information about dietary intake, portion control tools can obtain nutritional data 

as well as help control portion sizes by either limiting capacity or by including visual prompts for 

appropriate amounts. Research including portion control tools is needed combined with an 

improvement on the design and development of new portion control tools, specially standardised tools 

and visual aids giving immediate feedback (Amoutzopoulos et al., 2020). Tools providing feedback 

will help the user to instantly know if they are selecting or consuming an appropriate amount of food 

which will help to enhance its effectiveness at least in short-term. Also, portion size feedback will 

directly improve the selected portion size and iQFUHDVH�DQ�LQGLYLGXDOV¶�DZDUHQHVV��$ZDUHQHVV�KDV�

been described as the first stage of health behaviour change (Poelman et al., 2015). Tools that 

enhance awareness of the reference portion size may act as an educational component counteracting 

portion distortion (recalibrating portion norms), especially if the tool is used as a long-term strategy. 

Designing a new portion control tool (for both, food and beverages) is a important challenge, whose 

effectiveness lies in achieving a good design as well as reaching the minimum acceptance and 

perceived effectiveness level. Based on recommendations for PSEA, the following aspects could also 

be applied for the development of portion control tools (Almiron-Roig et al., 2020; Amoutzopoulos et 

al., 2020; Delwiche, 2012):  

භ Individual characteristics භ Presence of an educational component 

භ Population needs භ Portability 

භ Ease of use භ Acceptability of material, design, etc. 

භ Versatility/ Adaptability භ Sustainability and cost 

භ Context of use  

As for the PSEA, the design of any portion control tool should be based on individual/population 

needs. This could be assessed through questionnaires and surveys identifying potentially useful 

elements and intended uses. In addition, sex, age and ethnicity, are other factors to consider. 

Recently, electronic tools have been described as one of the most promising strategies for portion 

control since they offer versatility (Brown et al., 2019; Holliday et al., 2014; Huber et al., 2015; Kroeze 

et al., 2018; Rollo et al., 2017; Rolls, 2014), that is with a great capacity of adaptability. Electronic 

tools, such as apps for controlling portion size, could be designed for the general population, but at 

the same time, they should be adjustable to include specific characteristics for particular groups. New 

designed tools should be tested in randomized controlled trials (RCTs) and aim to produce sustained 

changes in eating behaviour and, as a consequence, in weight management.  
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METHODOLOGIES TO STUDY PORTION SIZE AND EATING BEHAVIOUR  

In the last decades, numerous methodologies have been developed including a range of measuring 

instruments, platforms and strategies in order to improve research in the field of portion size control 

(Almiron-Roig et al., 2017; English et al., 2015). Some studies focused on the conscious processes 

underlying the portion size-effect, while others have tried to explain the more unconscious 

mechanisms through a cognitive approach. Based on the nature of the investigation, studies can be 

grouped mainly in two different categories: research and clinical approaches.  

භ Clinical approach evidence has generally focused on the long-term effects of portion size control 

on body weight.  

භ Research approaches, mainly from laboratory to field studies, have tried to elucidate the 

mechanisms implicated in the PSE, as well as  all  possible routes to counteract it.  

Strategies used in both, clinical and research approaches, to reduce portion sizes target three 

different levels previously described (food-level, individual-level and population level strategies) 

(Almiron-Roig et al., 2020)  

Most of  previous work has focused on food-level and individual-levels strategies (Almiron-Roig et al., 

2015, 2016a; Hughes et al., 2017; James et al., 2018). Within this context, several commercially 

available portion control tools specially designed to control portion size of both food and beverages 

(measuring portion pots and portion control plates with printed marks and text) were found to have a 

small to moderate, however robust, effect (Almiron-Roig et al., 2019) The reported low effectiveness 

was in most cases associated with a low adherence (Ho et al., 2016; Pedersen, 2007). This confirms 

the need for further research focused at improving the current design of portion control tools so 

adherence is enhanced. 

Interventions related to the evaluation of food portion size can also be classified based on the aim, 

target or purpose of the study (Figure 8) (Almiron-Roig et al., 2017). 
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Figure 8. Overview of methods for assessing portion size related outcomes (based on Almiron-Roig 

et al., 2017))  
Abbreviations: PS, portion size; fMRI, functional magnetic resonance imaging. Computer algorithms 

include the method of constant stimuli (comparison test foods; pick the food that is expected to deliver 

greater satiety) the method of adjustment (matched fullness task; quantify expected satiation) and the 

visual meal creator (computer application that allows the generation of a virtual plate including several 

meal components rather than single food items). 

 

Research in portion size has tended to focus separately on either analysing mechanism or measuring 

impact of portion control strategies. For this, measurements have traditionally targeted either 

physiological or cognitive aspects, often missing the inter-relationship between the two. New 

integrative, simultaneous and in-real time research is needed to address the identified knowledge 

gap.  Synchronizing and combining behavioural and physiological measures will provide useful 

information across a wider range of eating behaviour contexts considering the multiple interactions 

across parameters and variations across individuals (Alia J. Crum et al., 2011; Wadhera and Capaldi-

Phillips, 2014).   

Another current limitation shows the existing methods use in eating behaviour research are specific 

for each type of variable. For instance, meal-microstructural parameters are traditionally analysed 

using stationary or portable eating monitors such as the Universal Eating Monitor (UEM). This device 
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measures the decrease in weight remaining on a plate during an eating episode, in real time (Kissileff, 

2000; Kissileff et al., 1980). With the supplied data, eating speed, bite size, meal duration and 

deceleration rate can be estimated, as well as cumulative food intake (the pattern of intake across 

the meal as a function of meal duration) (Yeomans, 2018). Despite all the information that can be 

obtained using the UEM, it has some disadvantages. Specially, it requires purpose-built facilities and 

equipment and a trained operator. Stationary versions produce a high rate of invalid data due to the 

sensitivity of the balance to detect background vibration; on the other hand, portable versions can be 

difficult to access and expensive. Consequently, researchers use alternative strategies such as 

questionnaires, covert observations or analysis of video recordings using face-recognition software 

(Forde et al., 2013; Petty et al., 2013; Woodward et al., 2020). However, these approaches are more 

susceptible to human error since information is either self-reported decreasing the objectivity of the 

measures, or complex to decipher.  

 

Another type of variable, visual cues, have been described to play a significant role in food ingestion 

(Del Gatto et al., 2021; Hardman et al., 2021), yet their specific role and effect in portion control 

remains unknown. Sensitive equipment and measures of visual attention are needed to better 

understand the role of visual cues when selecting food amounts. Actual visual attention is difficult to 

measure but gaze movement in response to food stimuli can be collected with eye-tracking devices 

and could be used as a proxy measure for visual attention (Holmqvist and Andersson, 2017). 

Recently, a new methodology based on eye-tracking technology, traditionally used in psychology and 

neuroscience, has been included in studies of eating behaviour (Hummel et al., 2018). 

 

Eye-tracking technology is a non-invasive technique that measures eye movements and pupil dilation, 

providing valid information on visual attention (Doolan et al., 2014; Werthmann et al., 2011). Eye-

tracking allows an objective and precise measurement of the direction (where) and duration (when) 

of ocular fixation on certain stimuli (Hagan et al., 2020; Werthmann et al., 2015, 2011). Visual fixation 

is captured through infrared technology in conjunction with a high-resolution forward-focused camera 

to track the direction of gaze. Infrared light is directed towards the centre of the eyes (the pupils) and 

causes visible reflections on the cornea (the outermost optical element of the eye), which are followed 

by a camera (https://imotions.com/blog/eye-WUDFNLQJ����Ɍɚɪɚɫɨɜɚ�	�Ⱦɨɥɝɨɜɚ���������7KHUH�DUH�WZR�

types of eye-tracking devices: stationary and portable (glasses). Stationary eye-trackers measure 

responses to screen-based stimuli while portable eye-trackers can be used in nearly any context, 

including real food exposure (https://imotions.com/blog/eye-tracking/). 

Eye-tracking is the only method in human behaviour research that provides an objective 

PHDVXUHPHQW�DQG�TXDQWLILFDWLRQ�RI�H\H�PRYHPHQWV� �Ɍɚɪɚɫɨɜɚ�	�Ⱦɨɥɝɨɜɚ���������:KLOH� WKH�H\H-

tracking technology measures the eye movement which is related to visual attention; visual attention 

is not directly related to eye movement. In other words, the eye movements decipher what people are 
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looking at, but are not able to detect what people perceive at a cognitive level (i.e., you may be looking 

DW�VRPHWKLQJ�EXW�QRW�³VHHLQJ´�LW�� WKDW� LV��QRW�EHLQJ�DZDUH�RI� LW���7KHUHIRUH��H\H�PRYHPHQW�VXSSOLHV�

valuable information about where individuals are looking at and how eye movements are modulated 

by visual attention and characteristics of the stimulus. However, this information does not provide 

details about the cognitive processes and emotional states that drive such eye movements (Orquin 

and Holmqvist, 2018), therefore eye-movements should be used as a proxy for visual attention.  

 

Previous research has described the association between eating behavior and visual attention to food 

stimuli (Hummel et al. 2018). Moreover, memory tests of recent eating have been stablished as an 

essential element in the control of short-term energy intake (Ferriday et al., 2015), defining it as a 

determinant of satiety and highlighting the importance of their inclusion as part of eating behaviour 

methodologies.  

Studies suggest that memory accuracy depends on oro-sensory, visual and visceral experience. The 

impact of memory on energy intake have been detected mainly during the subsequent meal although 

the precise mechanism or pathway is still unclear. Higgs (2002) proposed that memory cues could 

interact with other cognitive cues making difficult and complex to elucidate the mechanisms 

underlying the possible inhibitory effects. Little evidence has been found of trials including and 

associating results from memory test of recent eating with food portion size. 

As memory test, the inclusion of blood extractions in studies assessing the impact of portion size on 

eating behaviour mechanisms is limited. All information that could be obtained might contribute and 

help clarify the interconnection between psychological, behavioural, cognitive and physiological 

processes and mechanisms.    

Finally, further studies integrating and coordinating different types of specialized technology, such as 

UEM, eye-tracking, surveys, software, blood extractions, among others, are needed in order to assess 

the feasibility of the combined use of different approaches, and investigate the mechanisms by which 

exposure to predefined portion size cues by means of portion control tools, impact portion size choice 

and consumption of a meal under controlled conditions, as well as other eating behaviours associated 

with overeating.  

 

EMPIRICAL CONTEXT OF THIS WORK 

Several gaps have been detected and need to be addressed to generate knowledge that helps 

understand the intra and interrelation of the different mechanisms involved in portion size-effect, 

portion size control and their relation or impact on eating behaviour. 

First, conclusive evidence is needed to determine the effect and potential role of portion control tools, 

specially of calibrated tableware which has been defined as the most effective portion control tool on 

portion size control and weight management. Regarding calibrated utensils effectiveness on reducing 
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food portion size, it is necessary to confirm the hypothesized mechanism which states that calibration 

marks on tableware may generate visual cues that directly control or guide serving sizes, 

encompassing an educational element, and thus allowing a learning process (Almiron-Roig et al., 

2019). Moreover, calibration marks may induce users to pay additional attention to each meal 

component while serving and could impact on portion intake via changes in renormalization of the so-

called portion distortion effect, therefore helping recalibrate portion control norms. Thus, calibrated 

tools may also help rebalance the relative proportion of each meal component resulting in a reduction 

of the final energy density of the meal; specifically, prompting users to self-serve larger vegetable 

portions, while reducing portions of starch and protein (Almiron-Roig et al., 2019; Huber et al., 2015; 

Hughes et al., 2017). Consequently, the inclusion of calibrated tableware in RCTs assessing portion 

size control is necessary to confirm the described processes.  

Furthermore, scarce evidence exists about studies evaluating the overall impact of food portion size 

and overall portion control tools on eating behaviour. Most of the existing trials base their methodology 

mainly on a single purpose. The incorporation of different methodologies and parameters, 

encompassing cognitive, behavioural, psychological and physiological processes as well as individual 

characteristics in a single study in order to assess the global effect of portion size, is a challenge that 

requires strict attention to the study protocol to obtain reliable results. Further studies are needed to 

combine and optimise the incorporation of different approaches for portion size assessment. 

Finally, despite a wide variety of portion control tools for solid food has been described, little evidence 

has been found about beverages.   
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HYPOTHESIS 

Based on the available evidence, the main hypothesis under study in this work is that the use of 

portion control tools providing immediate feedback to the user improves portion size awareness, 

selection and consumption via a combination of cognitive and physiological processes arising from 

the design of the tool. 

Second, individual characteristics such as BMI, age, sex and sociodemographic characteristics, plus 

personal attitudes, health status, consumption habits and knowledge related to food and beverage 

portion sizes may influence perception of food and beverage portion size in adults and may be 

important elements for the design of new portion control tools. 

 

OBJECTIVES  

The aim of this investigation is to explore and appraise the impact, acceptance and potential 

physiological and behavioural processes involved in portion size mediated by portion control tools.  

Understanding the integrated process involved in portion control will allow the design of better 

interventions and strategies to manage satiety, food intake and body weight in the context of obesity. 

 

To achieve this aim, the specific objectives for this work are: 

 

1. Describe and analyse the range and effectiveness of existing portion control tools for foods 

and quantify the effects of such tools on learning/awareness of appropriate portion sizes, 

portion size choice and portion size consumption, in adults and children, using a meta-analytic 

approach. 

2. Evaluate the validity and reliability of behavioural and cognitive outcomes obtained through a 

novel combined methodological platform that includes an eye-tracking device, an optimized 

eating monitor, and a computerised memory test, alongside subjective and physiological 

measures of satiety. 

3. Identify and describe the mechanisms by which exposure to predefined portion size cues by 

means of a portion-control plate, may impact portion size choice and consumption of a meal 

under controlled conditions, in addition to other eating behaviours associated with overeating 

in women.   

4. Collect information, through surveys, to analyse personal attitudes, consumption habits and 

knowledge related to portion sizes of caloric beverages; as well as product presentation 

features that may influence perception of beverage portion size in adults in order to design 

potential tools to manage consumption of energy-yielding beverages. 
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The design (methodologies and population characteristics) followed to carry out this doctoral thesis 

is described in detail in the current section in the following order:  

x Procedures and methodology applied for the Systematic Review and Meta-analysis which 

corresponds to Section I. 

x General methodology and population characteristics of the PORTIONS Project are accurate 

described for Section II and Section III. Then the specific methodology used in each section 

is specified. 

x Finally, the methodology and populations used for Section IV (Online survey/SWEET 

Beverages Study) are described. 

 

METHODS OF SECTION I- SYSTEMATIC REVIEW AND META-ANALYSIS 

The systematic review and meta-analysis was performed following the Cochrane Guidelines for 

Systematic Reviews and PRISMA reporting recommendations (Higgins et al., 2019.; Moher et al., 

2009) as shown in Figure 9 which outlines and summarizes the methodology. The review was 

registered in the International Prospective Register of Systematic Reviews (PROSPERO) with 

registration ID CRD42020200775. 

 
Figure 9. Procedure followed for the systematic review and meta-analysis.  
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Search Strategy 

Primary papers were identified by searching: PubMed and Web of Science (WoS), during July 2018 

and later again in February 2019 and subsequently updated during July 2020. Searches were 

complemented with an internal database of publications (years 1989±2020) and with Google for non-

validated tools and grey literature. Results were restricted by the date of publication between January 

2006 and July 2020, studies in Humans and English or Spanish language. The bibliographic list of a 

PhD thesis on portion size and energy intakes (Lewis, 2013) was also title- screened. Further titles 

were identified by cross-referencing from all these souUFHV�DQG�IURP�WKH�DXWKRUV¶�NQRZOHGJH� 

The search strategy incorporated different combinations of the following key words: tableware, 

dishware, portion control, portion size, calibrated, tools and software. Search equations were used to 

find the relevant articles in both databases. 

Search equations used: 

Tableware AND portion control AND portion size; Tools AND portion control AND portion size; 

Calibrated AND tools AND portion control AND portion size; Calibrated AND serving size AND tools; 

Calibrated AND tableware AND portion control; Calibrated AND tools AND portion control; 

Intervention AND portion control AND portion size; Intervention AND tools AND portion control; 

Software AND portion control AND portion size. 

³'LVKZDUH´�ZDV�XVHG�VHSDUDtely following application of all the above equations. 

Eligibility Criteria 

Studies were selected for review using population, intervention, comparison group, outcome, and 

study design (PICOS) criteria (Table 2). 

 

Table 2. PICOS criteria for inclusion and exclusion of studies (based on Higgins et al. (2019)). 

Criterion Description 
Population Healthy adults and children or subjects with a controlled clinical condition not affecting their 

day-to-day activities. 

Intervention Any intervention in which an instrument or tool is used to control food/beverage portion size 
irrespective of its validation status and not requiring significant professional guidance or a 
clinical setting for the user to be able to use it appropriately (i.e., tools providing direct feedback 
to the user via guidelines for appropriate consumption or by restricting the amount of food than 
can physically be served or consumed). 

Comparison Other tool size/design/type or control condition; no tool.  
Outcome Range of portion control tools currently available and their effect on PS awareness, choice and 

intake; weight loss, BMI change, experiential and other relevant data.  
Study design Any study design involving the application of a tool or instrument to control food and beverages 

portion size including 3D tools, 2D educational aids and/or technology-based tools; review 
papers with relevant references.  
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To be included in the review, records needed to report on the use of a tool or instrument (validated or 

not) to control food and beverage portion sizes (including PS estimation aids when reference can be 

made to recommended portion sizes) and that did not require significant input from a health 

professional in the form of clinical guidance, i.e., via regular counselling. That is, the tool should 

provide some sort of immediate feedback to the user to enable them to use it appropriately with 

minimal professional input. Tools could include utensils of reduced capacity (i.e., smaller plates or 

bowls) and of specific design (i.e., calibrated/portion control plates, bowls and glasses), technologies 

(software or websites), image-based educational guides, cooking utensils (i.e., measuring pots and 

spoons), and serving tools (serving spoons and trays). Web pages and other sources describing 

existing and accessible instruments, tools or software were only included if the tools met the above 

inclusion criteria. Instruments to control portion size for coffee, tea, diet beverages and decaffeinated 

beverages were included as managing the intake of these products may be of interest for some 

individuals in order to reduce intake of certain compounds such as caffeine, sweeteners or acidic 

compounds. Monitoring of water intake may be desirable in certain conditions and for healthy 

hydration, so portion control tools for water were also included. 

Discontinued tools (i.e., no longer accessible from the manufacturer) were excluded. Packaging-

based portion control strategies, including snack box sizes were also excluded as these represent a 

wider environmental strategy that falls beyond the scope of this work. Condiments provide minimal 

energy, so tools related to condiments were also excluded. 

 

Procedure for Selection of Studies 

Two co-investigators performed the searches (MAVA and SNC) and conducted the title and abstract 

screening. A third researcher (EAR) solved divergences with the first authors, plus independently 

screened 10% of the titles and abstracts. 

A total of 1486 titles were identified (1276 through database searching and 210 from other sources). 

After removing duplicates, 1241 records were retained. Of these, 101 abstracts were assessed for 

eligibility, and 51 full-text articles were retrieved, resulting in a final sample of 36 eligible publications 

for the narrative synthesis. Of these, 28 publications were included in the meta-analysis (Figure 10). 
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Figure 10. PRISMA Flow diagram for study inclusion (based on Moher et al. 2009). 
 

Data Extraction Process 

Data were extracted by two investigators (MAVA, EAR) and disagreements discussed and agreed 

with a third author (SNC) when necessary. A standardized data extraction form (IV. Results, Section 

I, supplementary material, table S1) was used to collect methodological and outcome variables from 

each source including the following: authors, publication year, country, number of studies included in 

the paper, exposures to the stimuli, serving condition (self-served, served by others, both), type of 

manipulation, study design, study duration, nature and number of tools used, main outcome 

measures, sample size, sex, age and BMI. Corresponding authors were contacted for missing or 

additional information when necessary. 
Main outcome measures included portion size awareness (knowledge or learning), portion size choice 

(selection) and portion size intake (consumption), for the whole meal and/or meal components. Other 
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outcome data included: tool-related perceptions/experiences (e.g., acceptance, usability, perceived 

efficacy), biochemical (glucose, HDL, etc.) and anthropometric (weight, BMI, waist and hip 

circumference, etc.) markers, portion-size perceptions and eating context (i.e., acquaintance). For 

studies reporting specific macronutrients or foods, the impact of the tool on selected and/or consumed 

amounts for vegetables, protein, carbohydrates and fat was explored. Based on previous reviews 

suggesting a potential role for specific co-variates (Holden et al., 2016) (data on subject awareness 

of the study purpose, strategy used (only the tool vs. dietitian/other strategy involved) and format of 

administration (self-served vs. fixed portion size) were also extracted. 
The following operational terms were used in relation to outcome measures: 

x Portion control tool: an instrument that provides direct feedback to the user on how much to serve 

or consume, including 3D tools, 2D educational aids and/or technology-based tools. 

x Portion size selection: amounts selected (in g, mL or kcal/kJ). 

x Portion size consumption: amounts consumed (in g, mL or kcal/kJ) or proxy measures (e.g., % 

sales). 

x Portion size awareness or learning of appropriate portion sizes: ability to judge what is an 

appropriate amount to consume of a particular food/beverage depending on individual needs at 

the time of consumption (i.e., for healthy eating, weight management or other therapeutic 

purposes). Awareness could be reported as the percentage (%) error in estimation vs. the actual 

amounts, calculated as the difference between actual and estimated amounts, relative to the 

actual amount. Actual amounts could be reported in volume/weight/cm/other standard unit of 

measurement. Estimated amounts could be reported in household measures, categorical size 

estimates (small, medium, large), photographs or other systems convertible into standard units 

of measurement. 

For the meta-analysis, mean and standard deviation (±SD) data were extracted when available to 

calculate effect sizes for the main outcomes including change in portion size awareness, choice and 

intake; BMI change; and body weight change. When numerical data were not reported or were 

unclear, the authors were contacted for information for articles less than 10 years old. 

 

Risk of Bias and Quality Assessment 

As part of the quality assessment, computed effect sizes were contrasted with data published in 

related reviews (Almiron-Roig et al., 2020; Hollands et al., 2015; Robinson et al., 2014; Zlatevska et 

al., 2014) and in its absence, by duplicate manual computation. 
Risk of bias (ROB) was explored using an adaptation of the Cochrane ROB guidelines (Effective 

practice and Organisation of Care (EPOC), 2015; Higgins et al., 2019), suitable for behavioural 

studies. Items assessed included the use of blinded participants, potential confounding variables and 

methodological limitations. ROB evaluation was conducted in duplicate by three independent 
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researchers (MAVA, EAR and SNC) (IV. Results, Section I, supplementary material, table S2). The 

results were compared between a pair of evaluators, and in case of discrepancy, a third author was 

involved to reach consensus. 
Publication bias and other sources of heterogeneity were explored via funnel plot asymmetry when 

sufficient studies were available. Asymmetry was further tested by Egger´s test using both random 

and fixed effects MA (Simmonds, 2015). The I2 heterogeneity index was used as a measure of the 

inconsistency of the effect estimates between comparisons across different studies/comparisons (low 

heterogeneity was indicated by I2 = 25%, medium I2 = 50%, high I2 = 75%) (Higgins and Thompson, 

2002). 
 

Data Management and Statistical Analyses 

Data from all eligible sources were compiled in an internal database and  presented by outcome 

measure in a purpose-built table (IV. Results, Section I, supplementary material,  table S1). 

For the MA, continuous outcomes are summarized by effect size, calculated as the standardized 

mean difference (SMD) or Cohen´s d. This metric reflects how much less is chosen or consumed with 

a smaller, calibrated or specially designed portion size tool vs. D�ODUJHU��SODLQ�RU�³FRQWURO´�WRRO�FRQGLWLRQ��

$�QHJDWLYH�YDOXH�IRU�WKH�60'�&RKHQ¶V�d reflects a desired impact of the intervention tool (i.e., smaller 

portion size chosen or consumed), with a larger mean difference reflecting a larger effect. For portion 

size awareness, a negative value for SMD/Cohen´s d reflects no impact of the tool on portion size 

learning or awareness. MagnitudH�RI�WKH�HIIHFW�VL]H�ZDV�EDVHG�RQ�&RKHQ¶V�d criteria (Cohen, 1988): 

d � 0.2 small; 0.2 < d<0.8 medium; d � 0.8 large. 

A database was generated from the articles that reported the necessary quantitative data for 

calculating the effect size. For each article, the SMD and the standard error of the SMD (SeSMD) 

between conditions were calculated via generic inverse variance and applied the created model in 

STATA software version 16 (StataCorp LLC, Texas, USA) using the Meta command with the 

DerSimonian and Laird model (Veroniki et al., 2016). The SMDs was selected and used since it allows 

compare means from the same type of outcome although they were reported on different scales, i.e., 

food intake can be reported on grams (g), kilojoules (kJ), or calories (kcal). To calculate the SMD, two 

different formulae were used based on the nature of the data, as previously reported (Robinson et al., 

2014) and based on current recommendations (Elbourne et al., 2002; Higgins et al., 2019; Lakens, 

2013).  

For studies with a between-subjects (parallel arms) design the following formula was used 

��� ൌ
����ͳ െ ����ʹ

������  (1) 

where Mean 1 and Mean 2 are the mean of the comparisons of the smaller or control tool vs. control 

condition, respectively. SDdiff is the SD of the difference between the means. 
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For studies with a within-subjects design (crossover), an adjustment for correlation between 

conditions was applied: 

��� ൌ ൬
����ͳ െ����ʹ

������ ൰ כ ቀඥʹ���ሺͳ െ �ሻ�ቁ (2) 

where Mean 1 and Mean 2 are the mean of the smaller or control tool vs. control condition, 

respectively; SDdiff is the SD of the difference between the means and Corr is an estimated 

correlation factor of 0.8, based on data compiled in Robinson et al. (2014), showing that correlation 

in this type of crossover studies ranges between 0.76 and 0.93. Details of computation of the 

standardized deviation difference (SDdiff) are given in the (III. Methods, Appendix I). 

The above, final correction factor (ඥ��ሺ െ ሻ, assumes constant variance across repeated 

measures, and was applied as recommended by Lakens (2013) , using r = 0.8 (Robinson et al., 2014). 

SMDs are reported as Cohen´s d in the text. 
For crossover studies, if the same subjects were exposed to more than two conditions, to avoid 

redundant comparisons, the intermediate comparison was excluded (i.e., if the study used three 

different plate sizes: small, medium and large, we calculated the SMD of the small plate vs. the large 

plate, excluding the medium size plate). Same criteria were applied on interventions with three or 

more groups, as differences between intermediate conditions are typically of smaller magnitude 

(Pilling et al., 2020; Robinson et al., 2014). For crossover studies where portion size was manipulated 

alongside tool type (Fisher et al., 2013; Shimpo and Akamatsu, 2018), the smaller portion size 

condition was chosen for inclusion in the MA to mitigate the portion-size effect and a confirmatory 

sensitivity analysis was conducted with the larger portion size condition. When it was not possible to 

separate the effect of the tool from that of the portion size, analyses were repeated with and without 

that specific study. All comparisons were computed in the same direction, i.e., small vs. large tool or 

control vs. intervention, and were graphically displayed using forest plots. Subgroup analyses by tool 

W\SH�ZHUH�FDUULHG�RXW�ZKHQ� WKHUH�ZHUH�VXIILFLHQW�GDWD� �L�H��� ���FRPSDULVRQV�SHU�JURXS���6HSDUDWH�

analyses were conducted to identify potential influences of subject awareness of the study purpose, 

strategy used (only the tool vs. other strategy involved) and format of administration (self-served vs. 

fixed PS). Study duration was also examined for the studies reporting weight status variables. 

Separate forest plots were produced for studies reporting weight status variables at 3 months and at 

6 months. In addition, the analysis for PS intake and PS choice were repeated after excluding one 

study from Cornell University out of concern of potential data biases (Bauchner, 2018). The specific 

impact of tool type was explored after recoding tool type in the PS intake analysis. Thus, studies that 

combined plates and bowls were recoded as a new tool type reflecting specific tool influence. 
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GENERAL PROCEDURE FOLLOWED FOR THE INTERVENTION AND 
VALIDATION STUDY (SECTION II AND SECTION III)  

As Figure 11 shows Section II  and Section III  are both framed within the PORTIONS project. Section 

II evaluated the validity and reliability of a novel combined methodological platform to assess eating 

behaviour. Subsequently, Section III analysed the results obtained through this platform as part of a 

nutritional intervention exploring the impact of a portion control plate on meal intake.  

 
 
Figure 11. PORTIONS 2 methods scheme and combined platform. Section II validates the combined 

use of the methodological platform and Section III  asses the results obtained with the methodological 

platform. 
  

Study design (Section II and II) 

The study followed a within-subjects (cross-over) design where participants were randomized to two 

lunch sessions at our laboratory, one where they ate with the calibrated plate and one with the control 

plate. After a 7-15 day wash out period, participants reversed conditions and repeated the same 

measures.  

Sample size requirements were estimated using an on-line sample-size calculator 

(http://powerandsamplesize.com/). For a cross-over design, a minimum of 30 women of the same 

BMI group were necessary to detect minimal differences in fixation (dwell) time of 325 ms per area of 

interest (AOI) between plates, assuming a SD of 445 ms, 80% power, and alpha 0.05 (van der Laan 
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et al., 2017). Taking into account potential variability in visual attention measures between women 

with and without overweight, a sample of 60 women was necessary (30 lean and 30 with overweight 

or obesity). This also covered sample size requirements for analysis of meal micro-structural 

parameters (n=60) (Laessle et al., 2007) and the gut peptides insulin, ghrelin and pancreatic 

polypeptide (n=30) (Yeomans et al., 2016). In addition, a sample of men (all lean) were also recruited 

to explore meal-microstructural parameters. Based on published data (Laessle et al., 2007), the 

required minimum sample size for men for this exploratory sub-study was 23, assuming a minimum 

difference in bite size of 2.4 g and 1.8 g/min on eating rate between plate conditions (80% power, 

alpha 0.05). Assuming an expected 12% drop-out rate (Almiron-Roig et al., 2015), the recruitment 

sample size aimed for was 68 women and 26 men. The study was interrupted in March 2020 due to 

the COVID-19 epidemic for which only 65 women and 11 men completed the study. Data for men 

was used only in validation sub-study. 

Ethical approval for this trial was granted by the University of Navarra Research Ethics Committee on 

27 April 2017 and 17 November 2017. Informed consent was obtained from all individual participants 

included in the study. Those completing the study were offered a crockery portion control plate and a 

free nutritional counselling session in compensation for their time and effort. The trial was registered 

at Clinical Trials.gov with Identifier NCT03610776. 

 

Participant recruitment 

Participants were recruited between September 2018 and March 2020 from Pamplona and 

surrounding areas via flyers, newsletters and from an internal database of existing volunteers. To 

diminish alterations in normal eating behaviour due to knowledge of the true study aims (i.e. 

measuring of portion sizes) (Robinson et al., 2014c, 2014b; Robinson et al., 2015) the study was 

DGYHUWLVHG�DV�³D�VWXG\�WR�YDOLGDWH�D�QHZ�SODWH�IRU�KHDOWK\�HDWLQJ´�� 

The inclusion and exclusion criteria are detailed in Table 3. 

 
Table 3. Inclusion and exclusion criteria of the PORTIONS intervention study. 

Inclusion Criteria 

Women and men aged 18-60 years. 
Women BMI :18.5-35 kg/m2  

Men BMI: 18.5-25 kg/m2 
Consuming breakfast and lunch regularly (at least 5 days per week). 

/LNLQJ�RI�WKH�VWXG\�IRRGV��D�VFRUH�RI�� 40 mm of the Liking scale (0-100), for each compulsory meal 
component. 

Able to consume food without the need for prescription glasses (contact lenses are allowed). 
Able to understand and want to sign the informed consent form, willing to follow all the study procedures 

and requirements.  
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Table 3. (Continued) 

Exclusion Criteria 

Pregnancy/ lactation 
Smoking 

3HUIRUPLQJ�����K�RI�LQWHQVH�SK\VLFDO�DFWLYLW\�SHU�ZHHN 
Alcohol intake >14 units (women) or 21 units (men) per week 

Being vegetarian/vegan, on a diet to lose/gain weight or having a food restriction. 
Malnutrition, gastrointestinal disfunction or metabolic disease (e.g., diabetes). 

Presence of eating disorders (EAT-���VFRUH�RI����� (Rivas et al., 2010)  
Using a medical device interfering with the eye-tracker (e.g., pacemaker), history of epilepsy, or visual 

impairment. 
Taking medication affecting vision, appetite or body weight. 

 

To be eligible for the study all subjects had to pass a screening and familiarization session prior to 

the first lunch session where they consumed 125 g of yogurt on the Universal Eating Monitor (UEM) 

while wearing the eye-tracking glasses and completed electronic questionnaires on the UEM. 

Participants also tasted and rated the study foods (boiled rice, meatballs in sauce, boiled peas, boiled 

carrots). Those assigning a score of 40 or more on a 100 mm VAS for the rice, meatballs and at least 

one of the vegetables, plus producing valid video and UEM outputs, were enrolled. 

 

Study procedures 

The daily procedure for the volunteers is shown in Figure 12. Participants arrived at the lab after a 3 

hour fast at a convenient time between 11:30 and 14:30 (starting time was kept constant across 

VHVVLRQV���$W�HDFK�VHVVLRQ��WKH\�FRPSOHWHG�D�µSURWRFRO�FKHFN¶�TXHVWLRQQDLUH�DQG�FRQVXPHG�����PO�

of still water to standardize thirst levels. Participants were then accompanied to a room where they 

chose foods from a hot meal buffet without the investigators being present. Participants then moved 

to the eating station located in a separate room and consumed the meal on their own, while wearing 

a portable eye-tracking device (Tobii Pro Glasses 2, Stockholm, Sweden). The eye-tracker was fitted 

and calibrated before the meal was brought in. Immediately before and after eating, and 180 min after 

the meal, participants completed subjective satiety ratings on a computer screen in the eating station. 

Participants were then allowed to leave the lab for 3 hours but could not consume any food or liquid 

except for non-carbonated water. Activities during these 3 hours were not monitored but participants 

were asked to maintain their physical activity and daily routines constant across sessions. At 180 min, 

participants returned to the lab to undertake a computerised image-based test that assessed their 

memory for the portion sizes consumed previously. Before leaving, participants were instructed on 

how to complete an 8-h food record and were given the record to fill in at home and return on the next 

session. A sub-sample of participants (women) provided serial blood samples for 90 min after the 

meal.  
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Figure 12. Daily procedure for participants and components of the combined methodological platform. 

Plates used for this study are described in Figure 12, right (for details, see text). Abbreviations: PCSE, 

portion control self-efficacy scale; TFEQ, three-factor eating questionnaire; UEM, universal eating 

monitor; VAS, visual analogue scale questionnaire. 

 

The protocol was developed to minimise overlapping measures from the various techniques as much 

as possible. To decrease confounding due to protocol demands, participants providing blood samples 

were instructed to look away from the plate and preferably pause eating while the nurse carried out 

the blood draws and the lapse of blood extractions was subtracted from the overall meal-time. Video 

data during extraction were also excluded from analyses. 

  

Study plates 

The calibrated plate included printed demarcations and illustrations (portion size guidelines) for 

recommended amounts of protein foods, starchy foods and vegetables based on US Department of 

Agriculture guidelines. It was specifically designed for this study by Precise Portions NLS based on 

previous research (Almiron-Roig et al., 2016a, 2019). The control plate was a white dish of the same 

size and depth but slightly lighter in weight; it was purchased from Group Carrefour, France. Both were 

ceramic plates, microwave and dishwasher safe, with an enamel finish. Both plates measured 25 cm in 

diameter including a 3.5 cm rim (Figure 13). 
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Figure 13. Intervention plates (Calibrated plate picture courtesy of Precise Portions LLC, Virginia, 

USA. Control plate purchased from Group Carrefour, France). 

 

Study foods 

The buffet foods included popular foods consumed by the Spanish population as part of a main meal 

and were: seasoned white rice (Brillante, Sevilla, Spain), boiled peas and boiled carrots (brand Carrefour, 

France), meatballs in sauce (brand Carrefour, France), olive oil (Capricho Andaluz, Córdoba, Spain), 

wholemeal bread, salt and pepper (brand Carrefour, France) (Figure 14). The oil was presented as 10 

g individual servings. The bread was made on the day in a local bakery and presented in two rolls (50-

60 g each roll). Peas and carrots were boiled on the day in salted water according to manufacturer´s 

instructions. The rice, vegetables and meatballs were offered in 400 g portions each, heated to a 

temperature of 66°C and presented hot in separate transparent serving bowls with identical serving 

spoons. These four foods were chosen because they match the nutritional composition required when 

using the calibrated plate, plus do not require cutting, i.e., applying force to the UEM scale (which would 

alter the readings). Due to their large size, meatballs were presented halved. Complimentary optional 

fruit and still water were provided after the meal. Foods depicted for the memory reconstruction test 

were exactly the same foods excluding the bread, fruit (up to 3 medium size pieces) and condiments 

(which were optional).  
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Figure 14. Study buffet (example of how the buffet was presented). Components and setting of the 

buffet meal. For details of food products see text. 

 

Equipment and software 

Optimised Universal Eating Monitor (UEM) 

The UEM is designed to measure meal micro-structural parameters (i.e. bite size, eating rate, 

deceleration rate and meal duration) when a volunteer consumes a meal sitting at a table (Yeomans, 

2000). An optimised UEM station was designed and built in-house for this study with particular 

attention to minimising background vibration. It was placed in an isolated testing room within the 

Nutrition Interventions Unit of the University of Navarra with only artificial lighting from above and 

constant temperature below 30°C. The UEM components are a concealed precision scale (Sartorius 

Model MSA5201S-1CE-D0), a PC and two screen monitors. The scale is connected with a serial line 

to the PC and is located beneath a purpose-built table under a hole, on top of which a placemat is 

secured to allow positioning of the plate. The UEM at the University of Navarra has been purposely 

built on a bespoke anti-vibration table containing a steel frame and granite slab measuring 2 x 35 x 

35 cm, upon which the Sartorious balance rests. The balance includes an auto-calibration function 

and electronic adjustable levelling legs. It also carries a detachable digital viewer located in a lockable, 

adjacent drawer (Figure 15). 
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Figure 15. Universal Eating Monitor station at the University of Navarra. Left and upper right, room 

setting displaying the function for visual analogue scale (VAS) questionnaire on one of the screen 

monitors. Bottom right, lateral view outline of the anti-vibratory table hosting the high precision 

balance (Diagram courtesy of Borda Laboratorios, Madrid, Spain) (published by Vargas-Alvarez et 

al., (2022). 

 

The PC hosts the Sussex Ingestive Pattern Monitor software (SIPM) (Yeomans, 2000) supplied by 

the University of Sussex (U.K.) and programmed to record weight readings from the scale at 2 second 

intervals (precision 0.1 g). From these readings the average bite size (the difference between each 

two consecutive weight records), eating rate (grams consumed per minute) and deceleration rate 

(grams consumed per squared second) are calculated. A dual screen system is used to allow the 

investigator to programme the software away from the volunteer´s view using a dividing panel.  

The volunteer´s screen displays electronic questionnaires and step-by-step instructions for the test.   

  

Eye-tracker 

A wearable eye-tracking device (Tobii Pro Glasses 2) designed to measure gaze movement and pupil 

dilation during exposure to 3D stimuli was used. It consists of a head unit (glasses), a recording unit 

and controller software. The head unit detects eye movement and point of gaze at a frequency of 50 

MHz, directed to any 3D space using near-infrared illumination from four eye cameras. It also hosts 
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a front-YLHZLQJ��³ZRUOG´��FDPHUD�WKDW�DOORZV�UHFRUGLQJ�ZKDW�WKH�XVHU�LV� ORRNLQJ�DW��Figure 16). The 

glasses are connected to a portable recording unit from which video output can be retrieved and 

downloaded to calculate dwell times on AOIs. The recording unit is connected to the head unit via an 

HDMI cable and it stores the data on an SD memory card. It is controlled from a tablet or computer 

running the controller software on a Windows operating system, facilitating the managing participants, 

controlling the eye-tracker and viewing both real-time and recorded eye tracking data. Calibration is 

perfRUPHG�DXWRPDWLFDOO\�ZLWK�WKH�FRQWUROOHU�VRIWZDUH�SULRU�WR�HDFK�SDUWLFLSDQW¶V�WHVW���-point calibration 

system). The average accuracy for the Tobii Pro Glasses 2 lies around 1.42 ± 0.58 ° and the average 

precision around 0.34 ± 0.16 ° (MacInnes et al., 2018). 

 

Figure 16. Description of the eye-tracker equipment (adapted image from Tobii webpage)  

  

Memory reconstruction software 

Bespoke software was developed for this study to measure episodic memory for portion sizes 

chosen/consumed in a previous eating occasion. It was designed by the Nutrition and Behaviour Unit 

at the University of Bristol (U.K.) and was coded using Visual Basic. The software enables participants 

to change the size of a portion of food on a computer screen. In this specific version, sub-components 
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of a meal could be selected independently. Images for the starch, protein and vegetable foods came 

from a digital photographic atlas generated at the University of Navarra and featured 110 images of 

the study foods in increasing portion size (starting at 1 tablespoon with 5-20 kcal increments until the 

maximum feasible volume to fill about 80% of the plate). All foods, excluding the bread, fruit and 

condiments, were heated and set-up exactly in the same exact format as in the meal, before being 

photographed. 

All photographs were taken at 90 degrees angle with a Canon EOS 1D Mark III digital camera fitted 

with an EF 24-70 mm f/2.8L USM (34 mm) lens. The brightness of the raw images was adjusted with 

Adobe Lightroom (Adobe, California, USA). JPG images were then uploaded to the software, and 

users adjusted portions of each meal component to generate a personalized virtual plate, based on 

the method of adjustment (Brunstrom, 2014) (Figure 17). These data were used to calculate the 

percentage accuracy in recalled portion sizes of each meal component vs. actual amounts served on 

the plate (see Setting up of combined platforms and protocols below for details of the actual task 

given to participants). 

 
Figure 17. Screenshot of the portion size 
reconstruction software. The food photos were 
taken by a professional photographer using a digital 
camera with constant lightning and angle, and the 
same control dish. Portion sizes started at the 
equivalent of 1 tablespoon and followed by 20 kcal 
increments until the food filled about 80% of the 
plate (assumed to be the maximum volume 
physically fitting in the plate, based on the study 
protocol, which required selecting at least 3 meal 
components). The initial 1 tablespoon portion is 
based on 50% of the average small portion of 
cooked rice for Spanish consumers (Russolillo and 
Marques, 2008). The 20 kcal increments are based 
on previous research using full plates (Brunstrom, 
2014). For carrots, due to their low energy density, 
5 kcal increments were used.  

  

Electronic Questionnaires 

Subjective satiety was measured through validated, electronic 100 mm VAS (Flint et al., 2000; Hill 

and Blundell, 1982) programmed in the SIPM software on the UEM, for hunger, fullness, thirst, nausea 

and expected satiation of the meal, plus liking of the meal. The questions were: How hungry do you 

feel right now? ; How full do you feel right now?; How thirsty do you feel right now?; How nauseous 

do you feel right now?; How much do you think the food that you have served will satiate you?; How 

much did you like the meal?. 
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Spanish-language versions previously used in pan-European studies were applied and adapted when 

necessary (III. Methods, Appendix II) 

Paper format Questionnaires  

Portion size norms were measured using published 100 mm VAS (Robinson et al., 2016). Portion 

control self-efficacy was assessed through the validated PCSE scale (range 1-40 points)  (Fast et al., 

2015), translated to Spanish and back-translated by a professional translator, plus verified with the 

authors (Jennifer Harmann, personal communication). 

Portion tool acceptance was measured with a shortened version of a previously piloted questionnaire 

(Almiron-Roig et al., 2016a), translated into Spanish and back-translated by a professional translator, 

plus verified with the authors. Finally, eating traits (restraint, disinhibition and hunger) were evaluated 

only once at the end of the study using the Spanish validated version of the TFEQ (Sánchez-

Carracedo et al., 1999) (III. Methods, Appendix II). 

 

Dietary intake 

Mean energy and macronutrient intake (carbohydrates, protein and fat) consumed at the laboratory 

plus the consecutive 8 h period after each study visit was calculated from the dietary recall (estimated 

food diary). Participants filled in the food diary detailing the hour, place, cooking method, description 

and amount of the food consumed using household measures and food packaging. The investigators 

reviewed the food diary from both visits and noted any points needing clarification with the 

participants. 

Data recorded in the interviews were introduced in the EvalFINUT® software (https://www.finut. 

org/evalfinut/) which employs the USDA (United States Department of Agriculture) and BEDCA 

(Spanish Food Composition Database) databases (https://www.bedca.net/). When participants 

provided the specific brand or label of the consumed products; data was manually computed, using 

the provided information, and incorporated to the final database with the software inputs. 

Results of nutritional analysis were compared between sessions considering the total energy 

consumed at the laboratory at each session.  

Energy compensation was calculated for participants who submitted the food diary in both sessions 

(n=37) and the calibrated plate was effective in reducing the energy consumption at the meal (n=19) 

 

Blood sampling and processing 

To minimize potential interferences of the blood drawing procedure on other variables, the feasibility 

of the blood extraction protocol was pre-piloted in the first 10 volunteers and adjustments applied as 

necessary (Vargas et al., 2018; Vargas-Alvarez et al., 2022). All blood samples were drawn from the 

antecubital vein while participants were seated. To avoid multiple venepunctures, a cannula was 
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used. Participants were instructed to stop eating and to look away from the plate while the nurse 

carried out the drawings and the blood extraction time was excluded from the analyses. 

Extractions for all hormones were taken before food exposure (10 min before the meal) and  then at 

5, 10, 30, 60 and 90 min after meal  consumption based on a previous study examining cephalic 

phase response markers to food intake (Yeomans et al., 2016). 

Serum samples for glucose and insulin were collected in 5 ml Vacutainer Gel serum tubes mixed by 

inversion and let to clot at room temperature for 30-60 min, after which they were centrifuged at 1500G 

for 15 min at 4°C. 

Plasma samples for ghrelin and pancreatic polypeptide (PP) were collected in 4 ml Vacuette K2EDTA 

tube and K3EDTA tube, respectively.  Immediately after each drawn, a protease inhibitor (Pefabloc, 

Sigma-Aldrich), was added to the  K2EDTA tube (ghrelin analyses) and mixed by inversion before 

processing the samples to reach a final concentration of 1 mg/ml.  Both tubes were left at 4°C after 

which they were centrifuged within 1hr of collection at 1500 G for 15min at 4°C. Once centrifuged, 

hydrochloric acid (final concentration 0.05 N) was added to the plasma extracted from the K2EDTA 

tube. 

All blood the samples were stored at -��Û&�XQWLO�DQDO\VLV�� 

Glucose concentrations were determined by the hexokinase test (Horiba ABX, Montpellier, France) 

and enzyme-linked immunoassay kits were used to determine insulin concentrations (Mercodia, 

Uppsala, Sweden). 

Human Ghrelin ELISA (Merck KGaA, Darmstadt, Germany) and Human PP ELISA (Millipore, 

Missouri, USA) were performed to determine total ghrelin and PP concentrations, following the 

PDQXIDFWXUHU¶V�LQVWUXFWLRQV� 

 

Data processing and statistical analysis (Section II) 

For the validation of the combined methodological platform two specific protocols were developed 

and evaluated (one for blood extractions and one for the eye-tracking image coding, including both 

manual and automatic gaze mapping).  

For the validation study, data analyses were carried out in the available dataset from 76 subjects, 

except when otherwise stated. Variable normality was tested for with the Shapiro-Wilk test. Statistical 

analyses were conducted in STATA software version 16 (StataCorp LLC, Texas, USA). Significance 

was set at the 0.05 level. 

For the UEM and memory software performance, the probability of invalid outputs out of the total 

available outputs was calculated (n=152 for the UEM and n=148 for the memory test. 

Mean recalled vs. consumed portion size differences for each food within and between plate 

conditions were compared using paired samples t-tests (or Wilcoxon Signed-Rank tests for non-

normally distributed variables). 



Methods 

 

 53 

For the blood extraction protocol, for the 31 women providing blood samples, we calculated the time 

required for blood extractions while participants were eating. Two averages were computed, i) a mean 

µDEVROXWH�GXUDWLRQ¶�RI�HDFK�EORRG�GUDZ�DQG�LL��D�PHDQ�µSURSRUWLRQDO�GXUDWLRQ¶�- based on the ratio of 

the duration of the extractions and the total meal duration (n=100 extractions). We also calculated the 

mean ± 95%CI time difference between target and real times for blood extractions across all times 

and conditions, as target time minus real time (n=295 extractions). Mean target vs. actual blood 

extraction time differences between plate conditions were compared using a Wilcoxon signed-rank 

test. 

Potential effects of the blood sampling procedure on UEM measures were explored by independent 

samples t-tests (or Mann-Whitney tests when data were not normally distributed) for differences in 

mean eating rate, bite size, meal duration and deceleration rate between women providing blood 

samples (n=31) and those not providing them (n=34).  

A bespoke manual image coding protocol was developed (also detailed in Vargas-Alvarez et al. 

(2022)- supplementary material) in the open-source software Lightworks 14.0 (LWKS Software Ltd, 

Swindon, United Kingdom) based on standard eye-tracking methodology (Duchowski, 2017; 

Holmqvist and Andersson, 2017) and previous research (Castellanos et al., 2009; van der Laan et 

al., 2017; Werthmann et al., 2011). The protocol was subsequently piloted for validation and 

reproducibility (Vargas-Alvarez et al., 2022). 

 

The protocol development consisted in 8 steps that are detailed below: 

Step 1:  Definition of Areas of Interest (AOIs) 

The study involved two contrasted composite stimuli located in the centre of the visual field and tested 

DFURVV�D�ODUJH�VDPSOH�RI�YROXQWHHUV��6DOYXFFL�DQG�*ROGEHUJ¶V�UHFRPPHQGDWLRQV�ZHUH�XVHG�IRU�$2,-
based algorithms (Salvucci and Goldberg, 2000) and adapted to manual coding giving emphasis to 

the temporal components (i.e. minimal fixation duration and local adaptability, that is, allowing to 

compensate for GLIIHUHQFHV�EHWZHHQ�³VWHDG\-H\HG´�VXEMHFWV�DQG�WKRVH�ZLWK�ODUJH�DQG�IUHTXHQW�H\H�

movements). Non-AOI based algorithms can identify fixations at any location in the visual field. In 

contrast this study sought to identify fixations that occur within specified target areas for which an 

AOI-based approach was a better fit. This method also allows transforming each fixation into a group 

(formed by collapsing consecutive fixation points for the same target) into a single record, thereby 

providing a more complete result than individual fixation analysis (Salvucci and Goldberg, 2000). 

To account for potential limitations of AOI-based analyses, the AOIs were defined in Lightworks as 

close as possible to the actual margin of each food component that is, applying 0º of visual angle 

margins to avoid false positives (Orquin et al., 2016).   

To further optimise the application of the AOI method, only the foods that were physically on the plate 

were considered, excluding any foods that were outside the plate (i.e., condiments and bread). This 
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resulted in only 3 meal components being analysed within each recording (1 for vegetables, 1 for rice 

and 1 for meatballs), in addition to the space occupied by the border of the plate, and the empty plate 

space that became visible as the volunteer started to consume the food. These five objects 

represented the first main AOIs coded (vegetables, rice, meatballs, border, empty plate) (Figure 18). 
Any gazes outside these five AOIs were eventually disregarded. 

 

 
Figure 18. Areas of Interest (AOI) used for the initial gaze data analysis. 

Abbreviations: E- Empty plate (inside border/plate); R- Rice; V-Vegetables (one or both types): M-
Meatballs (with sauce); Br- Bread; C-Condiments (oil, salt, pepper); B-Border. 
 

In addition, a proportion of gazes fell on the fork, with or without food on it, and another proportion fell 

RQ�ZKDW�FRXOG�EH�FDOOHG�³PL[HG�]RQHV´�EHWZHHQ���$2,V��Figure 18). Both the fork and mixed zones 

could contain either two foods belonging to different AOIs, or one or more foods and the plate border, 

the empty fork or a non-coded area, e.g., bread, condiments. The Tobii ProGlasses 2 display the 

gaze point as a circle superposed to the video images (Figure 19), easily resulting in ambiguous 

coding for fork and mixed food fixations.  
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Figure 19. Example of scene from the eye-tracker front-viewing camera during an eating session. 

An initial exploration of the magnitude of fixation time on mixed food and fork zones across 6 

representative videos, indicated that neither of these zones accounted on average for more than 5% 

of the overall fixation time for the meal (mean ± SD mixed zones: 3.2 ± 2.5%; fork: 3.8 ± 2.4%). 

Considering this and that gazes on these particular AOIs were not a primary outcome of the study, 

the final protocol excluded the fork and mixed zone AOIs when these were impossible to assign to 

one of the main AOIs.  

 

Step 2: Selection of coding method 

Data coding in Lightworks can be performed by the time stamp method or the frame counting method. 

In the time stamp method, both the start and end points are registered for each frame in a six digits 

format (i.e., MM:SS.ff for minutes, seconds and frames, respectively). Videos created with 25 fps 

(frames per second) contain frames number 0 to number 24. In contrast, the frame counting method 

involves coding fixation times by counting and recording the number of frames during which the gaze 

point is inside each of the main AOIs. For this study, the frame counting method was selected as it 

was found to be less time consuming, and reproducible across independent assessors (Robinson et 

al., 2016). Quality control steps were applied to ensure there were no errors (see Step 6). 

 

Step 3: Setting up a threshold for minimal fixation duration 

This step is essential to remove raw saccade data points and collapsing raw fixation points (Salvucci 

and Goldberg, 2000), eliminating irrelevant information which typically occurs during saccades 
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(Fuchs, 1971) and discarding smaller eye movements that occur during fixations, (e.g. tremors, drifts, 

flicks) (Ditchburn, 1980). For videos at 25 fps, less than 3 frames (100 ms) are not considered 

meaningful (Duchowski, 2017; Werthmann et al., 2011), given that fixations tend to last between 200-

400 ms while saccades rarely exceed 100 ms (Fuchs, 1971). Therefore, the minimal fixation duration 

was set at 100 ms or 3 frames. 

 

Step 4: Defining start and end times 

The start and end times were defined using the time stamp provided by Lightworks. The Start time 

stamp was defined as the time corresponding to the first frame when the volunteer was looking at the 

food on the plate (usually before picking up the fork). The Stop time stamp was defined as the time 

when the volunteer pressed the bell to call the investigator (first touch of the button). The first fixations 

were those made up by more than 2 frames (that is, 3 or more) after the Start time. 

 

Step 5: Assigning codes to each AOI 

To assign codes to each of the pre-defined AOIs we developed an AOI Visual Coding Guide (Figure 
20), based on the proportion of each food included in the circular marker for the Tobii ProGlasses 

gaze point. A gaze point had to include at least 51% of a given AOI to be considered that AOI or when 

that was unclear, we considered the AOI corresponding to the centre of the circle. In addition, detailed 

instructions on how to code each of the AOIs were included in the protocol (e.g., the sauce was coded 

as part of the meatballs or the other foods if it had spread onto them). 
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Figure 20. AOI visual coding guide for Lightworks 14.0. The red circle represents the gaze point as 

captured by the Tobii ProGlasses 2. The cross (  ) represents the centre of the circle and thus the 

specific fixation point.  
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Step 6: Quality control  

Quality control measures were included in the protocol as the frame counting method can be prone 

to errors for large numbers of frames. Fixations longer than 25 frames were coded in duplicate using 

the time stamp method or double-counted to verify accuracy. In addition, for long fixation times of 

unclear target areas, the start frame was registered and that section of the video was examined at 

regular speed to get an idea of what the subject was looking at or intending to do. 

 

Steps 7 & 8: Data compilation and final checks 

Data on frame counts were compiled in an Excel template from which the total duration of the coded 

time was calculated and used to work out the percentage fixation times by AOIs. To obtain the 

duration in seconds after all frames were recorded and added, the number of frames was divided by 

25. Following this, each Excel file was verified for completeness, noise data, errors and missing data. 

The main outcome explored from these data will be overall gaze dwell time for the meal and per AOI 

(how long looking at meal/AOIs). Further analyses may include additional metrics (van der Laan et 

al., 2017; Werthmann et al., 2011). 

 

Once the protocol was developed, several tests were carried out in Lightworks to identify challenges 

and introduce improvements.   

To perform coding analyses, eye-tracking data quality was estimated from the percentage of gaze 

capture (gaze samples) provided by the Tobii controller software across all video recordings (n=149 

recordings). A lower threshold at 80% was adopted based on the literature and taking into account 

the within-subjects nature of the study (Hvelplund, 2014).  

Inter-rater reliability of the Lightworks protocol was examined with a three-pronged approach. First, 

Pearson´s correlation was conducted to determine the strength of the association between rater 1 

DQG�UDWHU��¶V�VFRUHV��6HFRQG��WKH�LQWUD-class correlation (ICC) was calculated using an online-excel 

calculator (Hopkins, 2009) based on the published formulas by Bartko (1966) and McGraw and Wong 

(1996): 

 

 ICC = ሺ�
 െ 

ሻ ൊ �
     [Equation 1] 

 

SD between subjects (SDb) and SD within subjects (SDw) were calculated for the paired data including 

14 AOIs using the Sum of Squares (SS) method and dividing each SS by its degrees of freedom (df). 

For the SDb: df = k ± 1. For the SDw: df = N ± k, where k is the number of groups and N is the total 

number of cases for all groups combined. For this study, k = 14 and N= 28. For the between 

calculations the mean of all the AOIs for each rater was used, while for the within calculations the 
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mean of the two raters were used for each AOI (see IV. Results, Section II, supplementary material, 

for full calculations published by Vargas-Alvarez et al. (2022)). 

 

Third, the Reliable Change Index (RCI) was computed using the formula of Jacobson and Truax 

(1991),  that is:  

 

 RCI = ሺ ��െ ��ሻ� ൊ  [Equation 2]    ��������������ܑ܌܁

 

where x1 LV�UDWHU��¶V�UDWLQJ�DQG�[2 UDWHU��¶V�UDWLQJ��DQG�6GLII� LV�WKH�VWDQGDUG�HUURU�RI�WKH�GLIIHUHQFH�
between the two measures, calculated as:  

 

 Sdiff = ሺඥሺܕ۳܁ሻሻ     [Equation 3] 

 

SEm is the standard error of the measure, calculated as: 

 

 SEm = ۲܁ ൈ ሺξ െ ۷۱۱ሻ     [Equation 4] 

 

where SD is the standard deviation and ICC the intra-class correlation. SD can be either the SD of a 

reference method in a representative population or computed from the sample. For this study we used 

the total SD computed from the sample and verified it using one-way ANOVA in STATA software 

version 16 (StataCorp LLC, Texas, USA). RCI values are standardized z-values, therefore an 

5&,������LQGLFDWHV�D�GLIIHUHQFH�DW�D�VLJQLILFDQFH�OHYHO�RI�Į �����EHWZHHQ�DQ\�SDLUHG�YDOXHV�EHLQJ�

compared. 

We intended to perform Bland-Altman plots as a test of agreement between raters. This analysis 

assumes normality of the differences between raters. If normality exists, the limits of agreement 

(range of differences that lay within the mean difference ±1.96*SD) will represent the interval in which 

95% of the observations will fall (although not representing acceptable values necessarily) (Bland and 

Altman, 1986). In this study, the differences between raters were not found to be normally distributed 

therefore, the limits of agreement were not applicable.  

In addition, an adaptation and validation of the eye-tracking image coding manual protocol was 

created for the Automatic Gaze Mapping (AGM). Despite manual coding of video data, provides high 

precision, it is extremely time consuming and unfeasible for large amounts of data. Thus, a coding 

protocol using Tobii Pro Lab was created by adapting the final Lightworks coding protocol with the 

aim of analysing AGM the complete sample of recordings (n=109 after excluding missing sessions 

and recordings with < 80% gaze capture).  
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For the AGM protocol validation, mean fixation times per AOI between methods (AGM in Tobii Pro 

Lab vs. manual coding in Lightworks) were compared across a sub-sample of 10 recordings (first 60 

seconds), using paired samples t-tests. Further, the ICC was calculated as explained above (Bartko, 

1966; McGraw and Wong, 1996). Bland-Altman plots were used to explore agreement between 

methods (Bland and Altman, 1986).  

 

Data processing and Statistical Analyses (Section III) 

Data processing  

Due to the high sensitivity of the UEM equipment, data cleaning was performed on the raw outputs. 

Records of <1 g or >23 g were excluded on the basis that they represented scale background noise 

or the result of the participating unknowingly applying weight or movement while sitting at the UEM 

(Bland and Altman, 1986). After data cleaning, meal micro-structure parameters were calculated as 

follows: 

Meal eating rate was calculated as total consumed amount in grams per minute, including rice, 

meatballs, vegetables and complimentary bread and oil.  

Meal bite size was calculated as the average of the cumulative weight changes (difference between 

each two consecutive weight records).  
Meal duration defined as duration of the eating period in minutes, as recorded in the UEM outputs. 

For the sub-sample of participants providing blood samples, the extraction time employed by the 

nurse at each session was subtracted/excluded from the meal duration, especially for a correct eating 

rate calculation. Finally, deceleration rate was calculated as the milligrams consumed per squared 

seconds. Deceleration rate refers to the eating acceleration in an inverse way; in other words the rate 

at which eating slows down. 

Percentage error in recalled portion size (memory test), was calculated with the following formula: 

݁ݐܽݎ�ݎݎݎ݁�ݕݎ݉݁ܯ ൌ ቆ
�ሺܵܲ�݊݁ݐܽܧ� െ ܴ݈݈݁ܿܽ݁݀�ܲܵሻ�

ܵܲ�݊݁ݐܽܧ ቇכ� ͳͲͲ 

Where PS is the portion size in grams. 

Percentage energy compensation (adjustment in energy intake over the 8h period following lunch 

with the calibrated plate respective the intake following the control) was calculated using the following 

published algorithm (Almiron-Roig et al., 2013): 

 

%EC = [ (EI Intervention Plate ± EI Control Plate)/|EP|]*100   

 

Where EI represents the cumulative energy intake at the end of the day under the intervention or 

control plate conditions, excluding the energy of the lunch itself; and |EP| represents the absolute 



Methods 

 

 61 

difference in energy intake at lunch between the 2 conditions (control or intervention lunch) in absolute 

values. EC values >100% indicate overcompensation. Values of 100% or nearby indicate perfect 

compensation during the intervention plate day vs. the control plate day. Values <100% indicate 

partial compensation, of which values <0% indicate eating additional energy restriction beyond the 

difference in lunch energy content.  Energy compensation was calculated only for participants who 

consumed fewer kcal with the calibrated plate vs. the control, that is, showed a measurable response 

to the intervention tool, and handed-in the 8 h recall for both visits. 

 

Statistical Analyses 

All outcome variables were explored with linear mixed effects models using the R-language free 

software, version 1.4.1106 (R Project for Statistical Computing, www.r-project. org) and STATA 

software version 16 (StataCorp LLC, Texas, USA).  

Differences in participant baseline characteristics across BMI groups were analysed using 

independent samples t-tests or Mann-:KLWQH\� 8� WHVWV� �FRQWLQXRXV� YDULDEOHV��� RU� )LVKHU¶V� WHVWV�
(categorical variables). BMI groups were defined as per WHO conventions (WHO, 2021). Thus, 

normal weight was defined as BMI 18.5-24.5 kg/m2; overweight and obesity was defined as BMI 25 

kg/m2 and over. For the purpose of this study the overweight and obesity group is referred to as 

³RYHUZHLJKW´��Moreover, for eye tracking analyses, in addition to lineal mixed models, t-Students 

test/Wilcoxon test/Mann-Whitney test were applied, as well as correlations (Spearman or Pearson) 

using STATA software version 16 (StataCorp LLC, Texas, USA). 

The impact of plate type on main outcome variables was explored with linear mixed effects models. 

The main outcomes were grouped in six main clusters: Meal microstructural parameters (eating rate, 

bite size, meal duration and deceleration rate); food PS (for the whole meal and for each individual 

meal component, both served and consumed); memory for PS (% error in recalling previously served 

amounts); subjective appetite (VAS ratings for hunger, fullness, thirst and nausea; liking and expected 

satiety); questionnaire scores (portion norms, tool acceptance, PCSE); and biochemistry (glucose, 

insulin, ghrelin, and PP). Models were built following the backwards elimination method, according to 

their group/cluster nature, with a random intercept to account the repeated observations for each 

individual, and fitted using maximum likelihood estimation, likelihood ratio tests (REML). Participant 

characteristics (age, BMI, TFEQ restraint, disinhibition and susceptibility to hunger scores), type of 

SODWH� �YDULDEOH�³3/$7(´�, RUGHU�RI�H[SRVXUH��YDULDEOH� ³6(48(1&(´�, total amount of served food, 

pre-meal and fullness and hunger levels were used as adjusting variables in order to fit all models.  

Univariate models were first created for each outcome variable to evaluate the independent effect of 

W\SH�RI�SODWH��³3/$7(´���,QLWLDO�H[SORUDWLRQ�RI�WKHVH�PRGHOV�VXJJHVWHG�D�OHDUQLQJ�HIIHFW�DIWHU�XVLQJ�WKH�

calibrated plate on the first visit, for which the impact of sequence on all outcomes was assessed with 
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bivariate models fitting the models with PLATE and SEQUENCE. Subsequently, multivariate models 

were fitted using the forward selection model. 

ANOVA and R2 values were used for model selection. Whenever significant interactions were 

detected, these were evaluated on the final models.  

Models where BMI had a significant impact on the main outcome variable, were fitted again for each 

specific BMI category. 

Results are reported as means ± SD or SEM. Statistical significance was set at the p<0.05 level. 

 

GENERAL PROCEDURE  FOLLOWED FOR SECTION IV 

Study design 

Two different populations were used in this work: the Beverages portion size (BPS) study and the 

SWEET population. 

The BPS study is a cross-sectional study carried out in a population of 166 healthy adults aged 18-

60 years. Data for the study were collected through an anonymous online questionnaire written in 

Spanish. Participants answered questions about beverage consumption habits, knowledge related to 

the amounts consumed and their perceptions about potential educational tools/guides that can be 

used to control beverage intake. Personal characteristics, lifestyle and eating habits were investigated 

too, for the purpose of sample description. 

The SWEET Beverages study is a three repeated measures study involving 22 participants (18-60 

years) who attended four laboratory sessions spaced between 7-11 days apart to examine the impact 

of three model beverages containing innovative blends of sweeteners and sweetness enhancers  plus 

a control beverage, on glycaemic response, feeding behaviour and blood biochemistry. For the 

purpose of this work data were collected at the last visit using the same version of the BPS 

questionnaire administered via Google Forms. 

Ethical approval for the BPS and SWEET Beverages studies were obtained from the University of 

Navarra Research Ethics Committee on 05 July 2019 (2019.078, BPS) and 9 September 2020 

(2019.213 mod1, SWEET) respectively. 

  

Participant recruitment  

BPS study participants were recruited mainly through social media and volunteer database of CIN 

where the link of the questionnaire was shared. 

For the SWEET Beverages Study volunteers were recruited through announcements in newspapers, 

at social media sites, websites (e.g., University of Navarra) and in newsletters (e.g., in local 

community centres, medical centres, academic centres and schools). Flyers with the announcement 

were distributed as well. Persons who had signed up on a waiting list in the Centre for Nutrition 
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Research volunteer database or previous study participants who indicated that they would like to be 

contacted for future studies, were contacted as well. Interested persons were invited to contact the 

intervention site by email or telephone. Candidates were briefly informed of the purpose and 

procedures of the study either orally or in writing after which they were pre-screened in accordance 

to the inclusion and exclusion criteria (Table 4). 

  

Table 4. General inclusion and exclusion criteria of BPS and SWEET Beverages Study. 

Inclusion Criteria 

Women and men aged 18-60 years. 

Women BMI :18.5-35 kg/m2 for BPS and �����kg/m2 for SWEET Beverages Study 

Men BMI: 18.5-25 kg/m2 for BPS and �����kg/m2 for SWEET Beverages Study 

Good physical and mental health according to self-UHSRUWHG�GDWD��VFRUH����RQ�D�VHOI-assessment on 

a scale 1-5 in which 1= very bad and 5 = very good). 

Regular consumption of non-DOFRKROLF�FDORULF�EHYHUDJHV�����SHU�ZHHN; (Dennis et al., 2009) 
Knowledge of the Spanish language. 

Exclusion Criteria 

Pregnancy 

Smoking 

Being vegetarian/vegan, on a diet to lose/gain weight or having food allergy/ restriction. 

Malnutrition, gastrointestinal disfunction or metabolic disease (e.g., diabetes). 

Poor physical health according to self-reported data (self-DVVHVVPHQW�VFRUH����RQ�D�VFDOH��-5 in which 1= 

very bad and 5 = very good); 

Previous academic training in human nutrition, dietetics and food psychology  

 

Development and piloting of the BPS questionnaire 

The first version of the BPS questionnaire was a 20-item questionnaire based on a review of the 

literature and four previously published questionnaires piloted as part of a previous study (Quiroz-

Arcurio, 2019). These four published questionnaires used as reference were: a questionnaire for the 

assessment and quantification of overweight and obesity-related lifestyles in the Spanish population 

(Pardo et al., 2004); a questionnaire assessing portion control self-efficacy, developed for the US 

population (Fast et al., 2015); a questionnaire to assess beverage intake in the US population (Hedrick 

et al. 2010); and a questionnaire assessing portion control tool acceptance amongst a sample of 

British adults with overweight and obesity (Almiron-Roig et al., 2016a).  

The BPS questionnaire was initially piloted in a sample of 12 Spanish healthy volunteers and then an 

improved version was administered online to a sample of 194 volunteers, 70 of whom were eligible 

and completed the full version (Vargas-Alvarez et al., 2021). The full pilot study was carried out in 

2019 at the University of Navarra, Spain. Results obtained from the pilot study highlighted that 
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investigating this topic of research was considered important by respondents, the questionnaire was 

found to be structured in a correct way and the instructions were considered clear (Quiroz-Arcurio, 

2019). 

A preliminary examination of the internal consistency of the questionnaire highlighted issues for 

questions gauging the difficulty in the use of preferred beverage portion control tools and questions 

related to tool preference (Vargas-Alvarez et al., 2021). Furthermore, a limitation was identified in the 

absence of anthropometric data (Quiroz-Arcurio, 2019). The questionnaire was subsequently 

improved to address these gaps. All questions were made mandatory to progress to the next screen, 

and two questions respectively related to the preferred tool for a medium / long term use and the most 

helpful tool were modified by limiting the answer to only one option to improve internal consistency. 

Also, a question on self-reported weight and height was included to calculate the BMI. Following these 

amendments, the final version of the BPS questionnaire was administered as part of the present work 

(III. Methods, Appendix III). 

  

Procedure for questionnaire administration 

The final BPS questionnaire was administered via Google Forms between October 2020 and May 

2021, with the University of Navarra as coordinating centre. Potential Spanish speaking volunteers 

were contacted via email and social platforms. A flyer containing the link and the QR code of the 

questionnaire web page was used for this purpose (III. Methods, Appendix IV). The flyer was posted 

on Instagram and Facebook and emailed to 160 people across Europe and Latin America. Another 

48 people were contacted across WhatsApp and one WhatsApp group (parents of children attending 

a primary school in the North-East of Spain) was involved. The questionnaire circulated in different 

countries including Italy, Spain, England, Switzerland, Mexico, Uruguay and Chile. This sample of 

SDUWLFLSDQWV� ZLOO� EH� UHIHUUHG� WR� DV� WKH� ³%36� VDPSOH´� �%36� VWDQGLQJ� IRU� Beverage Portion Size 

Knowledge and Habits Questionnaire). In addition, data obtained from another 22 participants from 

an on-going nutritional study at the University of Navarra were also included (SWEET Beverages 

Trial). Data from this sample (referred to as WKH�³6:((7�VDPSOH´��ZHUH�DOVR�FROOHFWHG�XVLQJ�Google 

Forms, between  October 2020 to May 2021 and were analysed together with the BPS sample, to 

boost the final sample. 

 

Online questionnaire block 

The online questionnaire block used for the BPS and the SWEET Beverages Study participants were 

composed of either one or three sections (sub-questionnaires), all written in Spanish. These included: 

1. Screening questionnaire (Cuestionario de selección), which is a screening questionnaire 

(BPS sample only); 
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2. Beverage portion size habits and knowledge questionnaire (Cuestionario de hábitos y 

conocimientos sobre bebidas), which is the main BPS questionnaire (BPS and SWEET 

Beverages Study samples); 

3. Eating Attitudes Test 26 (Cuestionario EAT-26), which is an eating attitudes questionnaire 

(EAT-26) (Garner et al., 1982).  

 

The average time to complete the questionnaire block, which was composed of three sub-

questionnaires was in the range of 5 to 30 minutes depending on whether or not respondents turned 

out to be eligible from the first questionnaire. Therefore, people could complete only the first 

questionnaire or the three of them. Non-eligible respondents were given the option to access The 

Centre for Nutrition Research (CIN) of the University of Navarra web page and join the CIN volunteer 

database for future studies. On the other hand, respondents who had completed the entire 

questionnaire block were eligible to receive an electronic recipe book containing five healthy recipes 

designed at the University of Navarra (Figure 21). 
 
 

 
 
Figure 21. Online questionnaire administration process for the BPS study. 
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The procedure described above was applied to all participants except for the SWEET Beverages 

Study sample who only filled in the second questionnaire online, because their eligibility had already 

been verified as part of the SWEET Beverages study screening process. SWEET Beverages Study 

participants also completed the EAT-26 questionnaire during the screening process and were 

required to score 20 or higher in the EAT-26 in order to enrol. There was no threshold applied for the 

EAT-26 for the BPS sample. 

The screening questionnaire was applied in order to obtain a reasonably homogeneous sample while 

maintaining anonymity. The Google Forms platform was used to create the online version for both 

groups of participants. After uploading the three questionnaires on the platform, the link and the QR 

code were generated, which allowed to open and fill in the questionnaire. The first screen in the 

questionnaire block introduced the study and allowed participants to decide either to proceed or fill it 

in later. Those going ahead were led to read an introductory text to the study, data protection 

information and the consent form approved by the ethical committee (III. Methods, Appendix V). Data 

protection information and consent forms from SWEET Beverages Study participants had already 

been provided and collected as part of the main SWEET Beverages study (available upon request).  

 

Screening questionnaire 

The screening questionnaire was presented at the start of the questionnaire block for BPS participants 

(III. Methods, Appendix VI). This questionnaire was used to verify eligibility for the study according to 

the inclusion and exclusion criteria (see table 4- inclusion and exclusion criteria) and was composed 

of three parts: 

A. Personal information (questions about sex, weight and height, and topics driving inclusion and 

exclusion process). 

B. Health and eating habits (questions driving inclusion and exclusion process). 

C. Lifestyle (questions about smoking, alcohol intake, physical activity and following a diet for 

health, ethical or religious reasons). 

Eligible respondents from the BPS sample were directed to the second questionnaire (BPS 

questionnaire) and subsequently, to the third one (EAT-26). Access to the full BPS questionnaire and 

EAT-26 was only generated if participants responded Yes to the first question in the BPS 

questionnaire which asked if participants consumed any non-alcoholic caloric beverages. 
 

Beverage portion size habits and knowledge questionnaire (BPS questionnaire) 

The second questionnaire was the main instrument (III. Methods, Appendix III). 

The definitive version of the BPS questionnaire was composed of 20 questions and was divided into 

three parts.  
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The first part explored beverage consumption habits. Questions included the type of beverage 

consumed, frequency of consumption, amount consumed, time of consumption, size and favourite 

type of container, and nutritional label. There were also questions about the reason for checking the 

nutritional label (content of sugar and calories, total and serving size volume) and the reason why a 

beverage is chosen (pleasure/liking, price, healthy perception, quantity, type of container, brand, 

nutritional information, organic and sustainable product). 

The second part investigated knowledge related to amounts consumed especially for non-alcoholic 

caloric beverages. Explored aspects included the amount usually consumed, amount that should be 

drunk, amount served and the personal knowledge about this subject. 

The third part explored perceptions of potential educational tools/guides that can be used to control 

beverage intake. Items considered included the perceived usefulness of educational instruments for 

measuring and selecting adequate amounts of non-alcoholic caloric beverages. To put this into 

context, a list of real and imaginary tools was presented and the respondent was asked to evaluate 

their acceptability, ease of use, practicality and fitting with current lifestyle. The tools included a 

physical and virtual informative guide, glass/cup labelled with volume calibration marks, physical 

glass/cup for one exact serving size of beverage, physical glass/plastic bottle labelled with volume 

calibration marks, plastic bottle with measuring cap for one exact serving size of beverage, physical 

instrument marking the appropriate volume that can be used with glass/cup; and an interactive virtual 

tool based on a mobile phone app or similar. Respondents were asked to express their preference 

about these tools and how easy-to-use they perceived their preferred tool to be in different situations 

of daily life (home, work/school/university, social events and spare time, out of home eating occasions, 

on the go (e.g., train/plane/car) and other situations. 

 

Eating Attitudes Test 26 (EAT-26) 

The third and last questionnaire of the block was the Eating Attitudes Test (III. Methods, Appendix 

VII), developed by Garner et al. (1982). In this study, the validated Spanish version of the EAT-26 

questionnaire (Rivas et al. 2010) was used, with a cut-off point of 19 for the SWEET Beverages Study 

sample only. The EAT-26 can be used to identify symptoms and concerns that characterize eating 

disorders in non-clinical samples (Garner et al., 1982). The purpose of using this questionnaire was 

to investigate potential abnormal eating habits of respondents, including both behaviours and feelings. 

It is composed of 26 questions. Answers are given by using a Likert scale (Always, Usually, Often, 

Sometimes, Rarely, Never). All items have a score depending on the answer. From Q1 to Q24 and 

Q26, scores are inverted, that is: Always=3 points, Usually=2 points, Often=1 point, Sometimes=0 

points, Rarely=0 points, Never=0 points. For Q25, scores are assigned as: Always=0 points, 

Usually=0 points, Often=0 points, Sometimes=1 point, Rarely=2 points, Never=3 points. After scoring 

each item and adding up all the scores, a total score is obtained (ranging from 0 to 78). When scoring 
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20 or higher, it is advisable to refer the respondent to a healthcare professional for monitoring and 

advice. 

 

Data processing and statistical analysis 

Descriptive statistics were conducted for both quantitative and categorical variables for sample 

description and exploratory purposes. Values were reported as average (± SD) for quantitative 

variables (weight, height, BMI and EAT-26 score). For the main BPS questionnaire, an average (± 

SD) relative to attributes evaluation of each educational tool was calculated using the total score 

reported for each attribute. Each total score was obtained by adding up all the raw scores, which were 

values in the range 1-5. Median (IQR) for scores on 5-point Likert scales (10-point scale) and 

percentage of participants responding to all categorical variables were estimated.  

Inferential tests were carried out to investigate specific study hypotheses. In particular, the Chi2 Test 

was used to explore in-between variable relationships, including: (a) the association between BMI 

and consumption habits of non-alcoholic caloric beverages; (b) the association between interest in 

portion size information on the label and sociodemographic characteristics; (c) the association 

between preferred tool to try and sociodemographic characteristics.  

7KH� &URQEDFK¶V� $OSKD� 7HVW� ZDV� FRQGXFWHG� WR� DVVHVV� WKH� LQWHUQDO� FRQVLVWHQF\� RI� WKH� PDLQ�

questionnaire (BPS questionnaire) (70). The following formula was applied:  

alpha = (k / k-1) x (1 - (sum of the items variance / variance of total scores)) where k is the 

number of items.  

For this analysis, only data from questions 16-18 and 20  were used. The first couple of questions (16 

and 17) investigates the preferred tool. Based on the nature of this question, the calculation was made 

after assigning a number from 1 to 8 to each tool (e.g., interactive virtual tool = 1; physical instrument 

marking the appropriate volume = 2; plastic bottle with measuring cap = 3; calibrated physical 

glass/plastic bottle = 4; physical glass/cup for 1 exact serving size of beverage = 5; calibrated 

glass/cup = 6; virtual informative guide = 7; physical informative guide = 8). The second couple of 

questions (18 and 20) investigates how easy-to- use the preferred tool is perceived to be in different 

situations of daily life. For this pair of questions, the test was conducted using scores on a 5-point 

Likert scale indicated by participants for each response item. In particular, after reversing ratings in 

question 18 (e.g., 1 becomes 5, 2 becomes 4, etc.), they were added up, from 18.1 to 18.5, in order 

to obtain a total score for each single participant. Scores for responses in question 20, from 20.1 to 

20.5, were added up too in order to obtain a total score for each single participant. Questions 18.6 

and 20.6, being both optional open-ended questions, were excluded from the calculation. Hence, the 

&URQEDFK¶V�$OSKD�ZDV�FDOFXODWHG�ZLWK�WKH�REWDLQHG�WRWDO�VFRUHV�EHWZHHQ�TXHVWLRQV����DQG����DQG�IRU�

the first five response items only.  
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Finally, odds ratios (ORs) and E coefficient, with 95% confidence intervals (CIs) were calculated using 

binomial logistic regressions and multinomial logistic regression in order to assess the probability that 

the label is checked for total kcal, sugar, total volume information and serving size volume information 

by sociodemographic characteristics of the sample (BMI, Sex, Age and EAT-26 score). Additional 

models were created to investigate the relationship between the preferred tool to try, the preferred 

tool to use for medium-long term and which tool is perceived as the most helpful by sociodemographic 

characteristics of the sample (BMI, Sex, Age and EAT-26 score). To conduct the binomial logistic 

regressions, the information about the probability that the label is checked was coded as often or 

almost never checked and tools were classified as physical or virtual tools; guides were excluded.  

Data management and processing were carried out using Microsoft Excel version 16.35. Statistical 

analyses were carried out in STATA software version 16 (StataCorp LLC, Texas, USA). Significance 

was set at the p<0.05 level.
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APPENDIX I. Computation of SMD / Effect size (published by Vargas-Alvarez et al. (2021)). 

 

The SMD is a measure of effect size that accounts for variability from the use of different outcome 

scales by estimating the difference between two experimental conditions for an outcome variable 

(e.g., food intake) and dividing that difference by the SD of the outcome variable for the two 

experimental conditions. 

 

For studies with a between-subjects design we used: 

 ൌ ି


�                                            Equation 1 

Where Mean 1 and Mean 2 are the mean of the comparisons of the smaller or control tool vs. control 

condition, respectively. SDdiff is the SD of the difference between the means.  

 
For studies with a within-subjects design (cross-over) we applied an adjustment for correlation 

between conditions: 

 ൌ ቀି


ቁ כ ቀඥ��ሺ െ ሻ�ቁ�                              Equation 2 

 

Where Mean 1 and Mean 2 are the mean of the smaller or control tool vs. control condition, 

respectively. Sddiff is the SD of the difference between the means and Corr is an estimated correlation 

factor of 0.8, based on data compiled in Robinson et al. (2014)1 showing that correlation in this type 

of cross-over studies ranges between 0.76 and 0.93.   
 

For between-subjects studies, we computed the standardized deviation difference as: 

 

 ൌ ඥሺሻ  ሺ۲܁ሻ����                                  Equation 3 

 

As in the SDM formula, an adjustment was applied for the studies with a within-subjects design (cross-

over): 

 ൌ ඥሺሻ  ሺ۲܁ሻ െ ሺ כ ܚܚܗ۱ כ ۲܁ כ  ۲ሻ����                    Equation 4܁

 

We computed the standard error of the standard deviation difference as: 

 

 ൌ 
ξା

                                              Equation 5 

 
1 Robinson E, Nolan S, Tudur-Smith C, Boyland EJ, Harrold JA, Hardman CA, et al. Will smaller plates lead to smaller 
waists? A systematic review and meta-analysis of the effect that experimental manipulation of dishware size has on energy 
consumption. Obes Rev. 2014;15(10):812±21. 
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The final correction factor (ඥሺ െ ሻ, assumes constant variance across repeated measures, and 

was applied as recommended by Lakens (2013)2, using r=0.8 (Robinson et al., 2014)1. SMDs are 

reported as Cohen´s d in the text. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2 Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: A practical primer for t-tests and ANOVAs. 
Front Psychol. 2013 Nov 26;4:863. doi: 10.3389/fpsyg.2013.00863. 
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APPENDIX II. Questionnaires used in PORTIONS study (Supplementary material published bu 

Vargas-Alvarez et al. (2022)) 

 

Electronic VAS Questionnaire 

 

Liking and Expected satiety for the meal  

Single 100 mm VAS (with vertical anchors at the extremes) adapted from Forde et al. (2015)3 and 

reading:  

+RZ�ILOOLQJ�GR�\RX�WKLQN�WKLV�PHDO�LV"´�(Not at all-Extremely) 

Spanish translation: ¿Cree que la comida que se ha servido es saciante? ¿Cuánto? (Nada-Mucho) 

How pleasant was this meal? (Not at all- Extremely) 

Spanish translation: ¿Cuánto le ha gustado esta comida? (Nada-Mucho) 

 

Subjective appetite  

Four item 100 mm VAS (with vertical anchors at the extremes) questionnaire based on the original 

VAS questionnaire developed by Hill & Blundell 4and validated in Flint et al. (2000)5: 

 

 

English version Spanish translation (adapted from 

SWEET Beverages Study, 2019)6 

Q1. How hungry do you feel? (Not at all-Extremely) ¿Se siente usted hambriento? ¿Cuánto? 

(En absoluto-Totalmente) 

Q2. How full do you feel? 

(Not at all-Extremely) 

¿Se siente usted lleno? ¿Cuánto? (En 

absoluto-Totalmente) 

Q3. How thirsty do you feel?  

(Not at all-Extremely) 

¿Se siente usted sediento? ¿Cuánto? (En 

absoluto-Totalmente) 

Q4. How nauseous do you feel? (Not at all-Extremely) ¿Siente usted náusea? ¿Cuánta? (Nada-

Mucha) 
 

 
3 Forde CG, Almiron-Roig E, Brunstrom JM. Expected Satiety: Application to Weight Management and Understanding 
Energy Selection in Humans. Curr Obes Rep. 2015;4(1):131-140. doi:10.1007/s13679-015-0144-0 
4 Hill AJ, Blundell JE. Nutrients and behaviour: Research strategies for the investigation of taste characteristics, food 
preferences, hunger sensations and eating patterns in man. J Psychiatr Res. 1982;17(2):203-212. doi:10.1016/0022-
3956(82)90023-1 
5 Flint A, Raben A, Blundell JE, Astrup A. Reproducibility, power and validity of visual analogue scales in assessment of 
appetite sensations in single test meal studies. Int J Obes Relat Metab Disord. 2000;24(1):38-48. 
http://www.ncbi.nlm.nih.gov/pubmed/10702749. 
6 SWEET Project. Home Page - sweetproject.eu. https://sweetproject.eu/. Published 2019. Accessed October 5, 2021. 
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Questionnaire for Intervention Session (pre- and post-lunch) 

lSe siente usted hambriento? lCuánto? 

En absoluto Totalmente 

lSe siente usted lleno? lCuánto? 

En absoluto Totalmente 

lSe siente usted sediento? lCuánto? 

En absoluto Totalmente 
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lSiente usted nausea? lCuánta? 

Nada Mucha 

Additional intervention session pre-lunch question 

lCree que la comida que se ha servido le va a saciar? lCuánto? 

Nada Mucho 

Additional intervention session Post-lunch question 

lCuánto le ha gustado esta comida? 

Nada Mucho 
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Habitual portion size / portion size norms questionnaire  
Four item 100 mm VAS (with vertical anchors at the extremes) questionnaire. Each question was 

adapted from a published VAS in Robinson et al., 20167, ZKLFK�UHDGV��³$�QRUPDO�VHUYLQJ�RI�WKLV�PHDO�

ZRXOG�EH��DQFKRUV��D�ORW�VPDOOHU��D�ORW�ELJJHU�´� 

For the purpose of this study, the above wording was adapted to: 

³&RPSDUHG�ZLWK�ZKDW�,�VHOI-served today, a normal serving of this meal for me would be (a lot smaller, 

D�ORW�ELJJHU�´��4��� 

For Q2-4��³WKLV�PHDO´��esta comida LQ�6SDQLVK��ZDV�FKDQJHG�IRU�³ULFH´��³YHJHWDEOHV´��DQG�³PHDWEDOOV´�
(arroz, verdura and albóndigas, respectively). 

 

Spanish translation of the final questions: 

Q1. Comparado con lo que me he servido hoy, una ración normal de esta comida para mí sería 

(Mucho más pequeña-Mucho más grande) 

Q2. Comparado con lo que me he servido hoy, una ración normal de arroz para mí sería (Mucho más 

pequeña-Mucho más grande) 

Q3. Comparado con lo que me he servido hoy, una ración normal de verdura para mí sería (Mucho 

más pequeña-Mucho más grande) 
Q4. Comparado con lo que me he servido hoy, una ración normal de albóndigas para mí sería (Mucho 

más pequeña-Mucho más grande) 

 
7 Robinson E, Oldham M, Cuckson I, Brunstrom JM, Rogers PJ, Hardman CA. Visual exposure to large and small portion 
sizes and perceptions of portion size normality: Three experimental studies. Appetite. 2016;98:28-34. 
doi:10.1016/j.appet.2015.12.010 



Appendices- Methods 

 79 

 



Appendices- Methods 

 

 80 

 

Comparado con lo que me he servido hoy, una ración normal de 
verdura para mí sería: 

Mucho más 
pequeña 

Mucho más 
grande 

Comparado con lo que me he servido hoy, una ración normal de 
albóndigas para mí sería: 

Mucho más 
pequeña 

Mucho más 
grande 
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Portion control self-efficacy  
Eight item 5-pt Likert scale questionnaire based on the validated portion control self-efficacy scale 

(PCSE) scale by Fast et al. (2015)8. The full-scale score ranges from 1 to 40 points. 

 

English version* 
(1=Strongly disagree; 
5=Strongly agree) 

Spanish translation 
(1=Totalmente en desacuerdo - 5=Totalmente de acuerdo) 

Q1. I believe I can eat standard 

food portions when served 

portions that are too large   

Creo que puedo comer porciones de comida de tamaño estándar cuando 

me sirven porciones demasiado grandes   

Q2. I can handle eating the right 

food portions no matter what 

comes my way   

Puedo encargarme de comer las porciones de comida adecuadas ante lo 

que surja. 

Q3. I feel confident that I can 

leave food on my plate if I think a 

serving size is too large   

Estoy segura/o de que puedo dejar comida en el plato si creo que el 

tamaño servido es demasiado grande.  

Q4. When eating with others, 

they influence how much I eat  

Cuando como con otros, éstos influyen en cuánto como.   

Q5. It would be easy for me to 

control the size of the portions 

that I eat at social events or at 

home 

Me sería fácil controlar el tamaño de las porciones que como en eventos 

sociales o en casa 

Q6. I don't know if I can control 

the size of the portions that I eat 

at social events or at home.  

No sé si puedo controlar el tamaño de las porciones que como en eventos 

sociales o en casa 

Q7. I am confident that I can 

control the size of the portions 

that I eat when out with friends or 

when I eat at home with others 

Estoy segura/o de que puedo controlar el tamaño de las porciones que 

como cuando salgo con amigos o cuando como en casa con otros.  

Q8. I am confident I can judge 

whether a restaurant serving is 

appropriate when out  

Estoy segura/o de que puedo juzgar si una porción de restaurant es 

apropiada cuando salgo con otros 

 

*For the purpose of this study, the original English version was very slightly modified to refer to the home 

environment rather than the out-of-home environment (questions Q4-7, red text). These changes alongside the 

back-translated version were verified with the authors (J. Harman, personal communication). 

 
8 Fast LC, Harman JJ, Maertens JA, Burnette JL, Dreith F. Creating a measure of portion control self-efficacy. Eat Behav. 
2015;16:23-30. doi:10.1016/j.eatbeh.2014.10.009 
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t- Universidad aM001:0MsT1G'O:O<!N 

de Navarra NUTRICION 
o 

ID participante: ___ _ 

Visita: ______ _ 

Instrumento: O Plato control 

O Plato intervención 

Fecha: 

CUESTIONARIO "AUTO-CONTROL" 

Escala de Eficacia en el Autocontrol de las Porciones (PCSE) 

Las siguientes afirmaciones se refieren a su experiencia acerca de los tamaños 
de porciones de las comidas. Por favor, indique su nivel de conformidad con 
cada afirmación (por favor, rodee un solo número): 

1. Creo que puedo comer porciones de comida de tamaño estándar cuando me 
sirven porciones demasiado grandes 

Totalmente en 
desacuerdo 

1 2 3 4 

Totalmente 
de acuerdo 

5 

2. Puedo encargarme de comer las porciones de comida adecuadas ante lo que 
surja. 

Totalmente en 
desacuerdo 

1 2 3 4 

Totalmente 
de acuerdo 

5 

3. Estoy segura/o de que puedo dejar comida en el plato si creo que el tamaño 
servido es demasiado grande. 

Totalmente en 
desacuerdo 

1 2 3 4 

Totalmente 
de acuerdo 

5 
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Portion tool acceptance  
Seven item 5-point Likert Scale questionnaire adapted from Almiron-Roig et al., (2016)9 where 

1=Disagree completely (Totalmente en desacuerdo) and 5=Agree completely (Totalmente de 

acuerdo): 

 

English version       Spanish Translation 

Q1. I like the presentation  Me gusta el aspecto 

Q2. It would fit my lifestyle Encajaría con mi estilo de vida 

Q3. This tool fits with my family/home life  Encajaría con mi vida familiar/doméstica 

Q4. I would feel embarrassed using this tool at 
home/ with others  

Me daría vergüenza usarlo en casa o con otros 

Q5. It seems easy to use  Parece fácil de usar 

Q6. Looks resistant Parece resistente 

Q7. Seems practical Parece práctico 

 

 
 

9 Almiron-Roig E, Domínguez A, Vaughan D, Solis-Trapala I, Jebb SA. Acceptability and potential effectiveness 
of commercial portion control tools amongst people with obesity. Br J Nutr. 2016;116(11):1974-1983. 
doi:10.1017/S0007114516004104 
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Three-factor eating questionnaire (TFEQ) 
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Si como alguna cosa "prohibida" pienso D Verdadero 

36. "no volverá a pasar" y como más que 
nunca D Falso 

Por favor, responda a las siguientes preguntas marcando la casilla que está debajo de 
la respuesta que considera más apropiada según su caso. 

raramente Algunas habitual siempre 
veces mente 

37. 
¿Con qué frecuencia ha estado a dieta D D D D 
para perder peso? 

no algo bastante mucho 

38. 
¿Una fluctuación de peso de 2 kg D D D D 
afectaría a su forma de vida? 

sólo en 
algunas frecuente 

las 
veces mente casi 

comidas 
entre entre siempre 

comidas comidas 

39. Con qué frecuencia siente hambre? D D D D 

nunca raramente a siempre 
menudo 

Si ha comido demasiado ¿su 
40. sentimiento de culpa le dice que tenga D D D D 

más control con la comida? 

~ 



Appendices- Methods 

 89 
 

levemente 
modera 

fácil da mente 
muy 

difícil 
difícil 

difícil 

¿Qué grado de dificultad tendría para 

41 . 
usted parar de comer a media cena y D D D D 
no comer durante las próximas cuatro 
horas? 

no algo bastante mucho 

42. ¿Es usted consciente de lo que come? D D D D 

nunca raramente a siempre 
menudo 

43. 
¿Se asegura de no almacenar alimentos 

D D D D tentadores? 

44. 
¿Suele comprar comida baja en 

D D D D calorías? 

¿Come menos cuándo come 
45. acompañado y se atiborra cuando come D D D D 

solo? 

46. 
¿Come despacio deliberadamente para 

D D D D reducir la cantidad que ingiere? 

47. 
Con qué frecuencia se salta el postre 

D D D D porque ya no tiene hambre? 

48. 
¿Suele comer menos de lo que le 

D D D D apetecería? 

49. 
¿Le da la sensación de que devora 

D D D D comida aunque ya no tenga hambre? 
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APPENDIX III. Final version of the BPS questionnaire 

CUESTIONARIO DE HÁBITOS Y CONOCIMIENTOS SOBRE BEBIDAS V3.2  

(Formato electrónico) 
 

Estudio BEBIDAS  

Fecha:  (relleno automático) 

Código Participante: (relleno por el investigador) 

Hora: (relleno automático) 

 
El siguiente cuestionario consta de 20 preguntas cortas estructuradas en 3 partes. En la primera 

parte le preguntamos sobre sus hábitos de consumo de bebidas tipo zumos, refrescos, leche y 

bebidas a base de leche. La segunda parte es sobre percepción de cantidades y la tercera sobre 

instrumentos/guías educativas para bebidas. 

Indique por favor las afirmaciones que mejor se ajusten a su caso. Si no puede decidirse por alguna, 

marque la respuesta que más se aproxime a su situación personal.  

 

Para volver hacia atrás si cree que ha contestado mal una pregunta, seleccione la opción ATRÁS 

que aparece al final de la pantalla.  

Atención: si vuelve hacia atrás con el botón de flecha hacia la izquierda (<--) del navegador, se 
perderán sus respuestas y deberá empezar de nuevo. 

 

 

 
 

Parte 1. Hábitos de consumo  
 
1. ¿Consume usted bebidas calóricas no alcohólicas (como zumos, refrescos con azúcar, 

leche y bebidas a base de leche, bebidas vegetales, etc.)? (Se excluyen el agua y los 
refrescos bajos en /sin calorías) 
  

 (   ) Sí         (   ) No 

 

 

1a. En caso afirmativo indique por favor que tipo de bebida suele consumir (marque todas 

las que apliquen): 

� Leche 
� Zumos y bebidas a base de fruta o verduras (naturales o comerciales) 
� Bebidas a base de leche (café con leche, chocolate, batidos) 
� Yogur líquido 
� Refrescos gaseosos con azúcar 
� Refrescos sin gas con azúcar 
� Bebidas rehidratantes (Gatorade, Aquarius, etc.) 
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� Otras bebidas vegetales (soja, almendras, coco, etc.)  
� Otros (excepto agua y los refrescos bajos en /sin calorías)��«««««««� 

 

2. ¢5HYLVD�XVWHG�ODV�HWLTXHWDV�QXWULFLRQDOHV�GH�ODV�EHELGDV�TXH�VXHOH�FRQVXPLU�SDUD�FRQRFHU«� 
 

2.1. ...el azúcar que contiene? 

(   ) Nunca o casi nunca    (   ) A veces     (   ) A menudo    (   ) Siempre o casi siempre 

2.2. «�ODV�FDORUtDV�TXH�FRQWLHQH"�������� 

(   ) Nunca o casi nunca    (   ) A veces     (   ) A menudo    (   ) Siempre o casi siempre 

2.3. «HO�YROXPHQ�WRWDO�TXH�FRQWLHQH"��� 

(   ) Nunca o casi nunca    (   ) A veces     (   ) A menudo    (   ) Siempre o casi siempre 

2.4. «�HO�YROXPHQ�SRU�UDFLyQ"�� 

(   ) Nunca o casi nunca    (   ) A veces     (   ) A menudo    (   ) Siempre o casi siempre 

 

 

3. ¿Aproximadamente, cuántas veces por semana consume bebidas calóricas no alcohólicas? 

 

x Considere una bebida como un vaso de 200-250 ml, un Tetra Pak/botella individual de 200-300 ml o 
una lata de refresco de 330 ml.  

x Considere las bebidas preparadas con leche (ej. café con leche, capuccino, batidos, chocolate, cacao 
soluble etc.) como "leche". Por ej. si toma café con leche hecho con leche entera, marque la opción 
"leche entera y derivados" 

x No incluya el café y el té solos o preparados con poca leche (<100 ml). 
x Considere una vez/ocasión como cada vez que consume bebida con al menos 15 min de intervalo 

 

 
No consumo  
esta bebida 

Menos de  
1 vez por 
Semana 

1 vez  
por semana 

2-3 veces 
 por semana 

 4 o más veces 
por semana 

Zumo de fruta/verduras (natural 
o comercial 100% fruta, incluye 
smoothies sin azúcar añadido) 

o  o  o  o  o  

Otras bebidas vegetales (a base 
de soja, almendras, coco, etc.) 

o  o  o  o  o  

Bebida a base de fruta (ej. 
limonada envasada, zumo a 
base de fruta con/sin leche, 
zumo con gusto de fruta, 
smoothies con azúcar) 

o  o  o  o  o  

Leche entera y derivados o  o  o  o  o  
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Leche semidescremada y 
derivados o  o  o  o  o  

Leche descremada y derivados o  o  o  o  o  
 

Refresco azucarado con/sin gas 
(ej. Coca-cola, Sprite, KAS, 
Trina) 

o  o  o  o  o  

Té envasado con azúcar (ej: 
Nestea, Lipton) o  o  o  o  o  

Bebidas energizantes (ej. Red 
Bull, Monster) o  o  o  o  o  

Bebidas deportivas (ej. 
Gatorade, Powerade) o  o  o  o  o  

 

 

4. De las bebidas calóricas no alcohólicas que consume, ¿aproximadamente, cuántas veces al día 
las toma como promedio?   

x Considere una bebida como un vaso de 200-250 ml, un Tetra Pak/botella individual de 200-300 ml o 
una lata de refresco de 330 ml.  

x Considere las bebidas preparadas con leche (ej. café con leche, capuccino, batidos, chocolate, cacao 
soluble etc.) como "leche". Por ej. si toma café con leche hecho con leche entera, marque la opción 
"leche entera y derivados" 

x No incluya el café y el té solos o preparados con poca leche (<100 ml). 
x Considere una vez/ocasión como cada vez que consume bebida con al menos 15 min de intervalo 
 

 
No consumo 
esta bebida 

Menos de 
1 vez al 

Día 

1 vez 
al día 

2 veces 
al día 

3 a más veces 
al día 

Zumo de fruta/verduras (natural 
o comercial 100% fruta, incluye 
smoothies sin azúcar añadido) 

o  o  o  o  o  

Otras bebidas vegetales (a 
base de soja, almendras, coco, 
etc.) 

o  o  o  o  o  

Bebida a base de fruta (ej. 
limonada envasada, zumo a 
base de fruta con/sin leche, 
zumo con gusto de fruta, 
smoothies con azúcar) 

o  o  o  o  o  

Leche entera y derivados o  o  o  o  o  
Leche semidescremada y 
derivados o  o  o  o  o  

Leche descremada y derivados o  o  o  o  o  
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Refresco azucarado con/sin 
gas (ej. Coca-cola, Sprite, KAS, 
Trina) 

o  o  o  o  o  

Té envasado con azúcar (ej: 
Nestea, Lipton) o  o  o  o  o  

Bebidas energizantes (ej. Red 
Bull, Monster) o  o  o  o  o  

Bebidas deportivas (ej. 
Gatorade, Powerade) o  o  o  o  o  

 

5. Cuando usted consume bebidas calóricas no alcohólicas, ¿qué cantidad suele consumir por 
ocasión? (considere una ocasión como cada vez que consume bebida con al menos 15 min de 
intervalo) 

 
No consumo 
esta bebida 

 
Medio vaso o 
menos  
(100-150 ml) 

1 vaso  
(200 a  
250 ml) 

1.5 vasos  
(300 a  
375 ml) 

2 vasos  
(400 a 
500 ml) 

2.5 vasos o más  
(500- 625 ml  
o más) 

Zumo de fruta/verduras 
(natural o comercial 100% 
fruta, incluye smoothies sin 
azúcar añadido) 

o  o  o  o  o  o  

Otras bebidas vegetales (a 
base de soja, almendras, coco, 
etc.) 

o  o  o  o  o  o  

Bebida a base de fruta (ej. 
limonada envasada, zumo a 
base de fruta con/sin leche, 
zumo con gusto de fruta, 
smoothies con azúcar) 

o  o  o  o  o  o  

Leche entera y derivados o  o  o  o  o  o  
Leche semidescremada y 
derivados o  o  o  o  o  o  

Leche descremada y 
derivados 

o  o  o  o  o  o  

 

Refresco azucarado con/sin 
gas (ej. Coca-cola, Sprite, 
KAS, Trina) 

o  o  o  o  o  o  

Té envasado con azúcar (ej: 
Nestea, Lipton) o  o  o  o  o  o  
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Bebidas energizantes (ej. Red 
Bull, Monster) o  o  o  o  o  o  

Bebidas deportivas (ej. 
Gatorade, Powerade) o  o  o  o  o  o  

 

6. ¿En qué momento suele consumir usted la bebida? (considere el tipo de bebida que consume 
más frecuentemente) Puede marcar más de una respuesta 

 Junto con las comidas 

 Entre comidas (ej. para calmar la sed) 

  En reuniones sociales 

 De forma variable 

 Otra 

7.  ¿En qué presentación/formato suele usted comprar la bebida? (considere el tipo de bebida que 
consume más frecuentemente) 

� Individual/Regular (200-500 ml) 

� Familiar mediana (1 a 1.5 litros) 

� Familiar grande (mayor que 1.5 litros) 

� Otro formato 

 

7a. Indique qué otro formato 

 

 

8. ¿Qué envase suele preferir en el momento de comprar la/las bebida/s que suele consumir? 
(considere la bebida que consuma más frecuentemente) 

� Vidrio 

� Plástico 

� Tetra Pak 

� Lata 

� Otro  

 

9. En el momento de elegir una bebida ¿qué formato de etiqueta suele llamar más su atención? 

 

a. Etiquetado de cuerpo parcial 
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b. Etiquetado de cuerpo completo  

 
 

c. Ambas por igual 

 
 

 

10. ¿Qué formato de etiqueta nutricional le aportar información más útil sobre la bebida? 

a. Etiquetado nutricional frontal 

 
 

b. Etiquetado nutricional al reverso del envase 

 
 



Appendices- Methods 

 

 96 

 

11. Por favor ordene las siguientes razones del 1 al 10, por las cuales elegiría la bebida que 
consume más frecuentemente (1= primera razón o más importante; 10= última razón o 
menos importante).  

� Agrado/gusto por el producto 

� Precio 

� Saludable 

� Cantidad 

� Tipo de envase (duradero, sin refrigeración, resellable etc.) 

� Marca 

� Información nutricional en el envase 

� 3URGXFWR�HFROyJLFR��³%LR´��³2UJiQLFR´� 

� Producto sostenible (envase reciclable) 

� Otro (indicar):__________________                             

Parte 2. Conocimientos sobre cantidades consumidas 
 

12. Indique su nivel de acuerdo/desacuerdo con las siguientes afirmaciones en relación a las 
bebidas calóricas no alcohólicas como zumos, refrescos, leche y bebidas a base de leche, 
etc. (1=totalmente en desacuerdo, 5=totalmente de acuerdo) 

 
Totalmente en 

desacuerdo 
         1 

   Totalmente de 

acuerdo 
5 2      3 4 

&RQVLGHUR� XQD� ³UDFLyQ´�
como la cantidad que 
suelo beber 

 

o  o  o  o  o  

Considero una ³UDFLyQ´�
como la cantidad que 
debería beber 

o  o  o  o  o  

 
&RQVLGHUR� XQD� ³UDFLyQ´�
como la cantidad servida 
en el vaso/copa 

o  o  o  o  o  

 
Me considero 
familiarizado con el 
WpUPLQR� ³UDFLyQ�
UHFRPHQGDGD´� 

o  o  o  o  o  

 
Estoy seguro/a de que 
puedo controlar el 

o  o  o  o  o  
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tamaño de ración de las 
bebidas que consumo 
en eventos sociales o en 
casa 
 
Considero que puedo 
consumir raciones 
adecuadas de bebidas 
cuando me sirven 
raciones demasiado 
grandes  

o  o  o  o  o  

 
Estoy seguro/a que 
puedo juzgar si una 
ración de bebida es 
apropiada cuando salgo 
con otros  

o  o  o  o  o  

 
Me considero 
familiarizado con el 
WpUPLQR�³SRUFLyQ´ 

o  o  o  o  o  

 

13. ¿Ha usado usted con anterioridad algún utensilio o instrumento para medir la cantidad de bebida 

que consume? (considere el tipo de bebida que consume más frecuentemente) 

(   ) Sí         (   ) No 

 

En caso afirmativo indique por favor qué utensilio/instrumento y para qué bebida:  

8WHQVLOLR��««««««««««««««««««««�� 

%HELGD��««««««««««««««««««««�� 

 

 

14. ¿Le parecería útil el uso de un instrumento educativo para la medición y selección de  cantidades 

adecuadas en bebidas calóricas no alcohólicas? 

(   ) Sí         (   ) No          (  ) No estoy seguro/a 

 

15. A continuación le presentamos 8 instrumentos educativos prototipo para bebidas. Por favor 
evalúe cada uno del 1 al 5 para las propiedades de practicidad, facilidad de uso, aceptabilidad y 
encaje con su estilo de vida (1= nada/en absoluteo, 5= totalmente) 

 

 

 
 Nada/ 

en absoluto 

1 

    

Totalmente 
5 2 3 4 
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1. Guía informativa (ej. folleto en papel 
con guías sobre cantidades 
recomendadas) 

 

 
  

 

 
Aceptable  o  o  o  o  o  

Fácil de usar o o  o  o  o  
Práctico/útil o o  o  o  o  
Encajaría con mi estilo  
de vida 

o o  o  o  o  

2. Guía virtual informativa (ej. folleto 
electrónico con guías sobre 
cantidades recomendadas) 

 

 

 

 

 

 

Aceptable  o o  o  o  o  
Fácil de usar o o  o  o  o  
Práctico/útil o o  o  o  o  
Encajaría con mi estilo  
de vida 

o o  o  o  o  

3. Vaso/copa físico rotulado con 
marcas de calibración (el ej. muestra 
un vaso para vino con indicación de 

volúmenes y calorías 
correspondientes) 

 

 

 
Aceptable  o o  o  o  o  

Fácil de usar o o  o  o  o  
Práctico/útil o o  o  o  o  
Encajaría con mi estilo  
de vida 

o o  o  o  o  

4. Vaso/copa físico para 1 ración exacta 
de bebida, ej. 

Aceptable  o o  o  o  o  
Fácil de usar o o  o  o  o  
Práctico/útil o o  o  o  o  
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Encajaría con mi estilo  
de vida 

o o  o  o  o  

5. Botella de vidrio/plástico física 
rotulada con marcas de calibración 
para volúmenes, ej. 

 

 

 

 

 

 

 

 

Aceptable  o o  o  o  o  
Fácil de usar o o  o  o  o  
Práctico/útil o o  o  o  o  
Encajaría con mi estilo  
de vida 

o o  o  o  o  

6. Botella de plástico con tapón medidor 
para 1 ración exacta de bebida ej.: 

 

 

Aceptable  o o  o  o  o  
Fácil de usar o o  o  o  o  
Práctico/útil o o  o  o  o  
Encajaría con mi estilo  
de vida 

o o  o  o  o  

7. Instrumento físico que pueda usarse 
en diferentes vasos, tazas etc. 
Marcando el volumen adecuado (por 
ej. Una etiqueta adhesiva o un marco 

Aceptable  o o  o  o  o  
Fácil de usar o o  o  o  o  
Práctico/útil o o  o  o  o  
Encajaría con mi estilo  o o  o  o  o  

1 ración
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porta-vasos con marcas de 
calibración)  

 

 

de vida 

8. Herramienta virtual interactiva ej. 
aplicación para móvil/tablet que 
permita comparar lo que se ha 
servido con lo recomendado 

 

Aceptable  o o  o  o  o  
Fácil de usar o o  o  o  o  
Práctico/útil o o  o  o  o  
Encajaría con mi estilo  
de vida 

o o  o  o  o  

 

 

 

16. Si tuviera que escoger uno de estos utensilios para probarlo, ¿cuál sería su preferido? 

� Guía informativa (ej. folleto en papel con guías sobre cantidades recomendadas) 

� Guía virtual informativa (ej. folleto electrónico con guías sobre cantidades recomendadas) 

� Vaso/copa físico rotulado con marcas de calibración 

� Vaso/copa físico para 1 ración exacta de bebida  

� Botella de vidrio/plástico física rotulada con marcas de calibración 

� Botella de plástico con tapón medidor 
� Instrumento físico que puede adherirse a varias superficies para marcar el volumen 

adecuado ej. etiqueta adhesiva o marco con calibraciones  
� Herramienta virtual interactiva ej. aplicación para móvil/tablet que permita comparar lo que 

se ha servido con lo recomendado 

 

17. Si tuviera que escoger uno para usarlo a medio/largo plazo ¿cuál sería su utensilio 
preferido? 

� Guía informativa (ej. folleto en papel con guías sobre cantidades recomendadas) 

� Guía virtual informativa (ej. folleto electrónico con guías sobre cantidades recomendadas) 

� Vaso/copa físico rotulado con marcas de calibración 

� Vaso/copa físico para 1 ración exacta de bebida  

150 ml

200 ml
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� Botella de vidrio/plástico física rotulada con marcas de calibración 

� Botella de plástico con tapón medidor 
� Instrumento físico que puede adherirse a varias superficies para marcar el volumen 

adecuado ej. etiqueta adhesiva o marco con calibraciones  
� Herramienta virtual interactiva ej. aplicación para móvil/tablet que permita comparar lo que 

se ha servido con lo recomendado 

 

18. Considere el utensilio favorito que nos ha indicado en la pregunta anterior. ¿Cómo de difícil cree 
que sería para usted emplear este instrumento en las siguientes situaciones? (Indique para cada 
opción un valor de entre 1-5  donde 1=muy fácil o sin problemas; 5=muy difícil o engorroso) 

 

 
Muy fácil 

o sin problemas 
   

Muy difícil o 

engorroso 

   1          2 3     4       5 

En casa o  o  o  o  o  
En el trabajo/ 

escuela/ 

universidad 

o  o  o  o  o  

En eventos 

sociales y de ocio 
o  o  o  o  o  

Cuando como fuera 

de casa 
o  o  o  o  o  

Mientras me 

desplazo (ej. tren, 

avión, coche...) 

o  o  o  o  o  

Otras situaciones: 

_______ 
o  o  o  o  o  

 

 

19. ¿Cree usted que alguno de los utensilios que le hemos presentado le ayudarían a aprender lo 
que sería una ración adecuada para bebidas tipo refrescos, zumos y bebidas a base de leche? 

19a. (   ) Sí         (   ) No          (  ) No estoy seguro/a 

 

19b. Indique por favor qué instrumentos cree que le serían de ayuda: 

� Guía informativa (ej. folleto en papel con guías sobre cantidades recomendadas) 

� Guía virtual informativa (ej. folleto electrónico con guías sobre cantidades recomendadas) 

� Vaso/copa físico rotulado con marcas de calibración 

� Vaso/copa físico para 1 ración exacta de bebida  
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� Botella de vidrio/plástico física rotulada con marcas de calibración 

� Botella de plástico con tapón medidor 
� Instrumento físico que puede adherirse a varias superficies para marcar el volumen 

adecuado ej. etiqueta adhesiva o marco con calibraciones  
� Herramienta virtual interactiva ej. aplicación para móvil/tablet que permita comparar lo que 

se ha servido con lo recomendado 

 

20. En una escala del 1 al 5, ¿cuán fácil le sería emplear el instrumento preferido que nos ha indicado 

antes, en estos ámbitos (Indique para cada opción un valor de entre 1-5  donde 5= totalmente 

fácil o aplicable; 1 = totalmente complicado o no aplicable) 

 

 
Totalmente complicado 

o no aplicable  
   

Totalmente  fácil  

o aplicable 

   1        2             3     4              5 
En el ámbito 

doméstico (ej. en el 

día a día en casa) 

o  o  o  o  o  

En el ámbito laboral 

o educativo (ej. 

trabajando, 

estudiando) 

o  o  o  o  o  

En eventos 

sociales y de ocio 

(ej. deporte, cine, 

de vacaciones) 

o  o  o  o  o  

En las comidas 

fuera de casa 
o  o  o  o  o  

  Durante los viajes o  o  o  o  o  
En otros contextos: 

_______ 
o  o  o  o  o  

 

 

 

 

 

 

Muchas gracias por su colaboración 
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APPENDIX IV. BPS flyer  
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APPENDIX V. Data protection information and the consent form 

Gracias por su interés en participar. 
Este estudio está organizado por el Centro de Investigación en Nutrición de la Universidad de 
Navarra. Antes de empezar, por favor lea en su totalidad la información que se le facilita aquí. Si 
usted no entendiera alguna parte de este texto, puede contactarnos al teléfono (+34) 644 54 93 86. 
Toda la información que nos proporcione será tratada de forma anónima. 
Su participación es totalmente voluntaria. Puede retirarse del estudio en cualquier momento cerrando 
la página. Si cierra la página en algún punto intermedio del estudio, sus respuestas no serán 
retenidas. Le recordamos que todas las respuestas son anónimas. 
 
Este estudio tiene como objetivo principal recoger información sobre aspectos personales así como 
relacionados con la presentación del producto, que puedan influir en cómo percibimos las cantidades 
a consumir de bebidas. Esta información se recoge mediante un conjunto de cuestionarios anónimos 
on-line. Para participar deberá responder a entre 1 y 3 cuestionarios sobre usted y su estilo de vida, 
sus hábitos de consumo y percepciones sobre bebidas, y sus hábitos alimentarios.  
 
Dependiendo de sus respuestas le pediremos que rellene sólo 1 o bien los 3 cuestionarios. 
El tiempo aproximado para rellenar el primer cuestionario es de 5-10 min. 
El tiempo aproximado para rellenar el segundo y tercer cuestionario en conjunto es de unos 20-30 
min.  
Si lo prefiere puede salir ahora y volver a acceder a esta página más adelante.   
  
En reconocimiento a su dedicación, los usuarios que hayan completado los tres cuestionarios podrán 
optar a recibir un pequeño recetario electrónico con 5 recetas saludables. 
 
Si desea participar deberá marcar el cuadro de aceptación en la parte inferior de esta pantalla. Esto 
le llevará directamente al cuestionario 1. 
En caso de que desee considerar su participación durante más tiempo, dispone hasta el 31 de Mayo 
2021, pudiendo retornar en el momento que lo desee. Alternativamente puede ponerse en contacto 
con nosotros por teléfono al (+34) 644 54 93 86 para cualquier duda. 
 
Confidencialidad de los datos 
Todos los datos que nos proporcionen serán tratados de forma anónima. Dado que se trata de una 
encuesta on-line, el riesgo de acceso a los datos por parte de terceros no se puede descartar. Sin 
embargo, toda la información se mantendrá en una base de datos protegida con contraseña y será 
tratada como confidencial. Sólo el equipo investigador tendrá acceso a estos datos. No será posible 
identificarle a usted a través de las respuestas que nos proporcione ni en las comunicaciones que 
pudiera generar este estudio. Todos los datos que nos proporcione serán anónimos. 
 
He leído la hoja de información y: 

� Presto libremente mi conformidad para participar en el estudio   

� No deseo participar en el estudio     
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APPENDIX VI. BPS Screening questionnaire 

 

SUB-ESTUDIO BEVERAGE PORTION SIZES (BPS) 

CUESTIONARIO DE PRE-SELECCIÓN (SCREENING): 
CRIBADO ANÓNIMO PARA CUESTIONARIO ON-LINE 

 
Pantalla 1 

Bienvenido a la página del estudio 

CUESTIONARIO DE HÁBITOS Y CONOCIMIENTOS SOBRE BEBIDAS  
de la Universidad de Navarra 

 

Gracias por su interés en participar. 

Toda la información que nos proporcione es anónima. 
A continuación le presentaremos entre 1 y 3 cuestionarios. Dependiendo de sus respuestas le 

pediremos que rellene sólo 1 o bien los 3. 

El tiempo aproximado para rellenar el primer cuestionario es de 5-10 min. 

El tiempo aproximado para rellenar el segundo y tercer cuestionario en conjunto es de unos 20-30 

min.  

Si lo prefiere puede salir ahora y volver a acceder esta página más adelante.   

 

   

 

---------------------------------------------------------------------------------------------------------- 

 

Pantalla 2 
 
CUESTIONARIO 1.  
Información de referencia sobre usted.  
 

Sexo:         Hombre                 Mujer           Omitir 

 

Marque su rango de edad: 

1. Menor de18 años   

2. 18-24 años   

3. 25-34 años  

4. 35-44 años  

Continuar Salir 
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5. 45-54 años   

6. 55-60 años 

7. Mayor de 60 años 

 

Æ Opción 1 o 7 excluyen del estudio  

 

Por favor indique su peso y altura aproximados: 

 

3HVR��NJ���««««�   $OWXUD��FP���««««««««� 

 

---------------------------------------------------------------------------------------------------------- 

 
Pantalla 3 
 

¿Está participando en algún otro estudio de investigación donde se requiera seguir una dieta, tomar 

un fármaco o suplemento nutricional o ayunar? 

1. Sí 
2. No 

 

Æ Opción SÍ excluye del estudio  

 

 

¿Ha cursado alguna vez o está cursando estudios superiores en nutrición, dietética, o psicología 

alimentaria?  

1. Sí 
2. No 

Æ Opción SÍ excluye del estudio  

 

------------------------------------------------------------------------------------------------------- 

 
Pantalla 4 
 
Salud y hábitos alimentarios 
 

En una escala del 1 al 5, ¿cómo evaluaría su salud física y mental? (1= muy mala; 5 = muy buena)                                     

 

Salud física           1            2            3             4              5                                                           

Continuar 

Continuar 
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Æ Opciones 1 y 2 excluyen del estudio  

 

Salud mental         1            2            3             4              5                                                           

 

Æ Opciones 1 y 2 excluyen del estudio  

 

 

 
Pantalla 5 
 

¿Con qué frecuencia diría Usted que consume bebidas no alcohólicas otras que el agua, por ejemplo 

leche y bebidas a base de leche (se incluye el café con leche y chocolate), zumo de frutas, bebidas 

azucaUDGDV��HM��UHIUHVFRV�FRQ�\�VLQ�JDV���HWF��3RU�IDYRU�QR�WHQJD�HQ�FXHQWD�HO�DJXD�\�EHELGDV�³FHUR´�

R�³OLJKW´� 
&RQVLGHUH�FRPR�³��EHELGD´�OD�FDQWLGDG�TXH�8VWHG�VH�VLUYH�QRUPDOPHQWH� 

 

< 3 bebidas por semana           unas 3 bebidas por semana          > 3 bebidas por semana             

 

Æ Opción < 3 bebidas/semana excluye del estudio  

 

¿Está Usted, o cree que podría estar embarazada, o está en fase de lactancia? 

1. Sí 
2. No 
3. No aplica  

Æ Opción Sí excluye del estudio  

 

---------------------------------------------------------------------------------------------------------- 

 
Pantalla 6 
 
Estilo de vida 
 

¿Es usted fumador/a?            

 
1. Sí, fumo como máximo 7 cigarrillos/equivalente a la semana 
2. Sí, fumo más de 7 cigarrillos/equivalente a la semana 
3. No fumo 

Continuar 

Continuar 
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¿Consume usted alcohol? 

 

1. Sí    
2. No 

En caso afirmativo ¿cuántas unidades consume por semana aproximadamente? 

  

(1 unidad = 125 ml de vino o copa pequeña, 300 ml cerveza o caña, un chupito) 

 

1. Menos de 14 a la semana (o menos de 2 al día) 
2. Entre 14 y 21 a la semana (o entre 2 y 3 al día) 
3. Más de 21 a la semana (o más de 3 al día) 
4. No estoy seguro/a 

--------------------------------------------------------------------------------------------------------- 

 
Pantalla 7 
 

¿Realiza usted  >9 h de actividad física intensa a la semana? 

 

1. Sí    
2. No 

 

En estos momentos ¿está siguiendo alguna dieta por razones de salud por ejemplo para ganar o 

perder peso, baja en colesterol, baja en sal, o por motivos éticos o religiosos? 

 

1. Sí    
2. No 

Æ Opción Sí redirige a la siguiente pregunta: 

 

¿Qué tipo de dieta sigue Usted? (marque todas las opciones que apliquen) 

� Dieta de carbohidratos controlados (por ejemplo, para la diabetes 
� Dieta baja en sal (por ejemplo, para la presión arterial alta) 
� Dieta baja en grasas (por ejemplo, para enfermedades del corazón o colesterol alto / 

triglicéridos) 
� Sin gluten 
� Vegetariana 
� Vegana 
� Otra dieta, por favor especifique:__________________________________ 

  

  

 

Continuar 

Finalizar 
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Pantalla 8a 
 
Muchas gracias por su colaboración. El diseño de nuestro estudio encaja con su perfil por lo que si 
lo desea ahora podrá acceder a los cuestionarios 2 y 3. Estos cuestionarios incluyen 20 y 26 
preguntas respectivamente. Una vez empiece los dos cuestionarios es conveniente que los termine 
sin salir del navegador. En caso de que salga del navegador antes de finalizarlos, sus respuestas no 
serán guardadas. 
Le agradecemos sinceramente su interés en participar. Al finalizar la encuesta se le preguntará si 
desea recibir un pequeño recetario con 5 recetas saludables en agradecimiento por su tiempo y 
dedicación. 
 
 
 
ÆOpción Continuar redirige a: 

 

Cuestionario 2: Encuesta sobre bebidas (20 preguntas) 

 

Cuestionario 3: EAT-26 (26 preguntas) 

 

Al finalizar el EAT-26 se preguntará al usuario:  

¿Desea recibir información nutricional electrónica en agradecimiento por su tiempo y dedicación 

(recetario saludable)?  

 

Sí 

 

No 

 
Æ Opción Sí redirige a la pantalla 9  
 
---------------------------------------------------------------------------------------------------------- 

 
Pantalla 8b  En caso de exclusión del estudio 
 

Muchas gracias por su colaboración. Sentimos tener que informarle que en esta ocasión no podemos 

incluirle en la segunda parte del estudio (cuestionarios 2 y 3) debido a que el diseño experimental en 

este caso no se ajusta bien a su perfil. Sin embargo si lo desea, puede acceder a la página web del 

Centro de Investigación en Nutrición de la Universidad de Navarra a través del siguiente enlace, 

desde el cual podrá registrarse en nuestra base de datos de voluntarios para futuros estudios o 

informarse de otros estudios en curso: 

Continuar con los 

cuestionarios 2-4 
Salir 

Finalizar 
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https://www.unav.edu/web/centro-de-investigacion-en-nutricion/conocenos/voluntarios 

 

 

 

---------------------------------------------------------------------------------------------------------- 

 
Pantalla 9 
 

Muchas gracias por su colaboración. 

Para que sus respuestas se mantengan anónimas y le podamos enviar el material nutricional 

electrónico por favor escríbanos un correo a nutconduc@unav.es indicando que ha completado 

los dos cuestionarios sobre bebidas y desea recibir el recetario. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Finalizar 

https://www.unav.edu/web/centro-de-investigacion-en-nutricion/conocenos/voluntarios
mailto:nutconduc@unav.es
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APPENDIX VII. Eating Attitudes Test 

 
CUESTIONARIO EAT-26 (cuestionario electrónico) 

 

Complete el siguiente formulario de la manera más precisa, honesta y completa posible. No hay 

respuestas correctas o incorrectas. Todas sus respuestas son confidenciales. 

 

 6LHPSUH &DVL�

VLHPSUH 

%DVWDQWHV�

YHFHV 

$OJXQDV�

YHFHV 

&DVL�

QXQFD 

1XQFD 

1. Me angustia la idea de estar 
sobrepeso 

      

���(YLWR�FRPHU�FXDQGR�WHQJR�KDPEUH       

���0H�SUHRFXSR�PXFKR�SRU�OD�FRPLGD       

���$�YHFHV�PH� KH� ³DWUDFDGR´� GH�FRPLGD�

VLQWLHQGR� TXH� HUD� LQFDSD]� GH� GHMDU� GH�

FRPHU 

      

��� &RUWR� PLV� DOLPHQWRV� HQ� WUR]RV�

SHTXHxRV 

      

��� 7HQJR� HQ� FXHQWD� ODV� FDORUtDV� TXH�

WLHQHQ�ORV�DOLPHQWRV�TXH�FRPR 

      

��� (YLWR�HVSHFLDOPHQWH�FRPHU�DOLPHQWRV�
FRQ� PXFKRV� KLGUDWRV� GH� FDUERQR� �SRU�

HMHPSOR��SDQ��DUUR]��SDWDWDV��� 

      

���1RWR�TXH�ORV�GHPiV�SUHIHULUtDQ�TXH�\R�

FRPLHVH�PiV 

      

���9RPLWR�GHVSXpV�GH�KDEHU�FRPLGR       

����0H�VLHQWR�PX\�FXOSDEOH�GHVSXpV�GH�

FRPHU 

      

����0H�SUHRFXSD�HO�GHVHR�GH�HVWDU�PiV�

GHOJDGR�D 

      

���� 3LHQVR� HQ� TXHPDU� FDORUtDV� FXDQGR�

KDJR�HMHUFLFLR 
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 6LHPSUH &DVL�
VLHPSUH 

%DVWDQWHV�
YHFHV 

$OJXQDV�
YHFHV 

&DVL�
QXQFD 

1XQFD 

���� /RV� GHPiV� SLHQVDQ� TXH� HVWR\�

GHPDVLDGR�GHOJDGR 

      

����0H�SUHRFXSD� OD� LGHD�GH� WHQHU�JUDVD�

HQ�HO�FXHUSR 

      

���7DUGR� HQ� FRPHU� PiV� TXH� ODV� RWUDV�

SHUVRQDV 

      

����(YLWR�FRPHU�DOLPHQWRV�FRQ�D]~FDU       

����&RPR�DOLPHQWRV�GH�UpJLPHQ       

����6LHQWR�TXH�ORV�DOLPHQWRV�FRQWURODQ�PL�

YLGD 

      

����0H�FRQWUROR�HQ�ODV�FRPLGDV 

 

      

���� 1RWR� TXH� ORV� GHPiV� PH� SUHVLRQDQ�

SDUD�TXH�FRPD 

      

���� 3DVR� GHPDVLDGR� WLHPSR� SHVDQGR� \�

SUHRFXSiQGRPH�SRU�OD�FRPLGD 

      

���� 0H� VLHQWR� LQFRPRGR�D� GHVSXpV� GH�

FRPHU�GXOFHV 

      

����0H�FRPSURPHWR�D�KDFHU�UpJLPHQ       

����0H�JXVWD�VHQWLU�HO�HVWyPDJR�YDFtR       

���'LVIUXWR�FRPLHQGR�FRPLGDV� QXHYDV�\�

VDEURVDV 

      

���6LHQWR�LPSXOVR�GH�YRPLWDU�GHVSXpV�GH�

ODV�FRPLGDV 
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SECTION I 
 

 

IMPACT OF PORTION CONTROL TOOLS ON PORTION SIZE 
AWARENESS, CHOICE AND INTAKE: SYSTEMATIC REVIEW AND META-

ANALYSIS. 
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Overview of the Studies and Tools Identified 

Thirty-six articles encompassing 40 LQWHUYHQWLRQV� �UHIHUUHG� WR� DV� ³VWXGLHV´�� LQYROYLQJ� DW� OHDVW� RQH�
comparison between tools were identified for this review. These included 31 RCTs (13 within-subjects 

and 16 between-subjects studies, and two studies combining within and between-subjects analyses), 

five non-RCTs, two observational studies, one qualitative study and one mega-analysis study. Thirty-

one comparisons (from 28 articles) were included in the meta-analysis representing a sample of over 

2903 subjects. 

The studies covered four continents: America (Canada and USA), Asia (Korea and Sri Lanka and 

Turkey), Europe (Netherlands, Switzerland and UK) and Oceania (Australia and New Zealand). 

Twenty articles examined healthy adults (both sexes) with and without overweight/obesity. Five 

studies sampled children (DiSantis et al., 2013; Fisher et al., 2013; Van Ittersum and Wansink, 2013; 

Wansink et al., 2014a), one sampled children and adolescents (Ho et al., 2016), four sampled women 

only (Ahn et al., 2010; Ayaz et al., 2016; Koh and Pliner, 2009a; Shah et al., 2011; Yip et al., 2013), 

four sampled individuals with specific conditions (pregnancy, acute coronary syndrome or type 2 

diabetes) (Ahn et al., 2010; Brown et al., 2019; Jayawardena et al., 2019; Pedersen, 2007) and four 

studies sampled healthy adults with particular knowledge (nutrition experts, undergraduate students 

from Cornell University or university clerical staff) (Vakili et al., 2019; van Kleef et al., 2012; Wansink 

et al., 2006; Wansink and van Ittersum, 2013). 

Mean BMI of adult study participants in 15 studies was over the healthy-weight range (overweight and 

obesity) while only four studies involved normal weight adults exclusively. Another eight studies 

included subjects with either normal weight, overweight or obesity. The remaining six papers on adults 

did not report the BMI range. A summary table of all studies categorized by tool type is included in 

Table 5.  

Full details of all studies included in the review can be found in the supplementary material (IV. 

Results, Section I, supplementary material, table S1).  
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Table 5. Overview of the 40 studies included in the review (36 publications) with data on potential covariates (participant awareness of study 

purpose, type of portion size offered (self-selected vs. fixed) and presence of other strategies used alongside portion size modification). All studies 

ZHUH�FDUULHG�RXW� LQ�DGXOWV�H[FHSW�ZKHQ�RWKHUZLVH�LQGLFDWHG�XQGHU�³7RRO�DQG�FRQWURO´��7KH�WHUP� calibrated is used to describe a portion control 

utensil with either printed indicators or indented segments (3D). Overall impact of tool is coded as follows: Green²beneficial impact of the small 

or intervention tool; Orange²relative impact; No colour²insufficient evidence or no impact shown. Abbreviations: CHO, carbohydrate; FV, fruit 

and vegetables; PRO, protein; PS, portion size. Study outcome A, Portion size awareness; C, Portion size choice; I, Portion size intake; W, Weight 

status. 

Tool and Control  Study 
Outcome 

Duration of 
Intervention 

Participant´s 
Awareness 
of Study 
Purpose 

Type of PS 
Other Strategy 
Used Alongside 
Intervention 

Overall Impact 
of the Tool Reference 

NON-TABLEWARE    
EDUCATIONAL AIDS AND MEASURING UTENSILS   

Tool set (food scales, measuring cups/spoons, 
placemat with image of plate depicting recommended 
PS, reference object PS cards).  
Control: Standard care 

 A, I, W 12 months 
(free-living) 

Aware Self-
selected 

Yes²Part of a 
portion control 
intervention 
(Portion-Control 
Strategies Trial) 

Relative impact: 
NO²body 
weight 
YES²dietary 
energy density 

Rolls et al., 
2017 (Rolls et 
al., 2017) 

COMPUTERIZED TOOLS      

ServARpreg application for mobile phone 
Control: No tool  A 2 weeks Aware N/A (training 

tool) 
No 

Relative impact: 
NO²PS 
knowledge 
YES²CHO 
content 
estimation  

Brown et al., 
2019  

PortionSize@warenessTool, on-line programme 
No control (before and after)  A, I, W 9 months Aware 

Self-
selected 

Yes²Part of a 
portion control 
intervention 
(SMARTsize) 

YES²portion 
control behaviour 
(3 months); BMI 
(9 months) 

Kroeze et al., 
2018  
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Table 5. (Continued) 
 

Tool and Control  Study 
Outcome 

Duration of 
Intervention 

Participant´s 
Awareness 
of Study 
Purpose 

Type of PS 
Other Strategy 
Used Alongside 
Intervention 

Overall Impact 
of the Tool Reference 

NON-TABLEWARE         
COMPUTERIZED TOOLS         

PortionSize@warenessTool, on-line programme 
No control (before and after)  A Acute study  Aware 

Self-
selected 

Yes²Part of a 
portion control 
intervention 
(PortionControl@ 
HOME) 

YES 
Poelman et 
al., 2013  

PortionSize@warenessTool, on-line programme 
No control (before and after)  A, I, W 12 months 

(free-living) Aware Self-
selected 

Yes²Part of a 
portion control 
intervention 
(PortionControl@ 
HOME) 

YES (3 months) Poelman et 
al., 2015  

Food Portion Tutorial computer programme, two 
comparisons: 
No training vs. training (immediately before meal);  
No training vs. training (delayed) 

 A, I Acute study  Aware N/A (training 
tool) 

No NO Riley et al., 
2007  

ServAR application for tablet 
vs. Verbal information on recommended PS, vs. 
Control: No tool 

 C Acute study Aware Self-
selected 

No YES Rollo et al., 
2017  

TABLEWARE         
DIFFERENTLY SIZED TABLEWARE     
Bowls         

Small vs. standard size bowl  I, W 3 months (free-
living) 

Aware Self-
selected 

No YES  Ahn et al., 
2010  

Small vs. large bowl  C,I 
Acute study 
(eating 
behaviour lab) 

Unaware Self-
selected 

No No Robinson et 
al., 2015  
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Table 5. (Continued) 
 

Tool and Control  Study 
Outcome 

Duration of 
Intervention 

Participant´s 
Awareness 
of Study 
Purpose 

Type of PS 
Other Strategy 
Used Alongside 
Intervention 

Overall Impact 
of the Tool Reference 

TABLEWARE         
DIFFERENTLY SIZED TABLEWARE         
Bowls         

Small vs. large bowl 
Small rice portion size vs. large rice portion size  I 

Acute study 
(lunch in a 
classroom) 

Unaware 
(cover story 
used) 

Fixed and 
self-selected 
(refills) 

Yes²rice portion 
size (small vs. large) NO  

Shimpo and 
Akamatsu 
2018  

Large vs. small cereal bowl (6±12 years old)  C 
Acute study 
(schools) 

Not 
reported/insuf
ficient 
information 

Self-
selected No YES 

Van Ittersum 
and Wansink 
2013  

Small vs. large bowl (pre-school children)   C, I 
Acute study 
(schools) 

Unaware-not 
clear (with the 
researcher) 

Self-
selected No YES 

Wansink et 
al., 2014 
(Study 1)  

Large vs. small bowl (6±12 years old, deprived 
families)   C,I 

Acute study 
(summer camp)  Unaware 

Self-
selected No YES 

Wanskink et 
al., 2014 
(Study 2)  

Cutlery and serving utensils      
Serving teaspoon vs. serving tablespoon (4±6 years 
old, ethnically diverse, some deprived)  C,I 

Acute (lab 
setting) Unaware 

Self-
selected 

Yes²amount of 
entrée available YES 

Fisher et al., 
2013  

Small vs. large fork   I 
Acute study 
(restaurant) 

Not 
reported/insuf
ficient 
information 
 

Fixed  No 

NO (reverse 
effect detected 
i.e., those given 
small fork ate  
more) 

Mishra et al., 
2012  
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Table 5. (Continued) 
 

Tool and Control  Study 
Outcome 

Duration of 
Intervention 

Participant´s 
Awareness 
of Study 
Purpose 

Type of PS 
Other Strategy 
Used Alongside 
Intervention 

Overall Impact 
of the Tool Reference 

TABLEWARE         
DIFFERENTLY SIZED TABLEWARE         
Cutlery and serving utensils         

Small vs. large fork   I Acute study 
(lab setting) 

Not 
reported/insuf
ficient 
information 

Fixed  No YES Mishra et al., 
2012  

Small vs. large spoon   C, I Acute study 
Unaware 
(cover story 
used) 

Self-
selected 

Yes²tea served hot 
or cold as part of an 
additional research 
question 

YES   
Venema et 
al., 2020  

Small vs. medium-size serving bowl  C, I Acute study 

Not 
reported/insuf
ficient 
information 
 

Self-
selected No YES 

Van Kleef et 
al., 2012  

Glasses          

Five glass sizes (250 mL,300, 370 mL (350 in 
restaurants), 450 mL and 510 mL 

 I 

Mega-analyisis 
of 8 acute 
studies (5 bars 
and 
restaurants) 

Unaware Fixed No 

Relative impact: 
NO²bars 
YES²restaurant 
(370 mL glass 
increased sales 
vs. 300 mL) 

Pilling et al., 
2020  

Plates         

Small vs. medium-size vs. large plate  I Acute study  
 

Unaware 
(cover story 
used) 

Self-
selected 

No NO  Ayaz et al., 
2016  
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Table 5. (Continued) 
 

Tool and Control  Study 
Outcome 

Duration of 
Intervention 

Participant´s 
Awareness 
of Study 
Purpose 

Type of PS 
Other Strategy 
Used Alongside 
Intervention 

Overall Impact 
of the Tool Reference 

TABLEWARE         
DIFFERENTLY SIZED TABLEWARE         
Plates         

Small vs. large plate  I Acute study 
Unaware 
(cover story 
used) 

Self-
selected No NO 

Kosite et al., 
2019  

Small vs. medium-size vs. large plate  I Acute study 

Unaware 
(only 1 
subject 
guessed) 

Self-
selected No NO 

Rolls et al., 
2007  
(Study 1)  

Small vs. medium-size vs. large plate  I 
Acute study 
(personal 
buffet) 

Aware (55% 
of subjects 
guessed) 

Self-
selected No NO 

Rolls et al., 
2007 
(Study 3)  

Small vs. large plate  I Acute study Unaware 
(blinded) 

Self-
selected 

No NO Shah et al., 
2011  

Small vs. large plate  C, I 
Acute study 
(all-you can eat 
Chinese buffet) 

Unaware 
Self-
selected No YES 

Wansink and 
Van Ittersum 
2013  
(Study 2)  

Small vs. large plate  C 

Acute study 
(health 
conference 
buffet) 

Unaware Self-
selected 

No YES  

Wansink and 
Van Ittersum 
2013  
(Study 3)  

Small vs. large plate   I 
Acute study 
(palatable 
buffet) 

Aware Self-
selected 

No NO 
Yip et al., 
2013  
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Table 5. (Continued) 
 

Tool and Control  Study 
Outcome 

Duration of 
Intervention 

Participant´s 
Awareness 
of Study 
Purpose 

Type of PS 
Other Strategy 
Used Alongside 
Intervention 

Overall Impact 
of the Tool Reference 

TABLEWARE         
DIFFERENTLY SIZED TABLEWARE         
Tool combinations         

Child-sized vs. adult tableware (plate and bowl)  
(4±5 years old)  C, I ~1 week 

Not 
reported/insuf
ficient 
information 

Self-
selected No YES DiSantis et 

al., 2013  

Small vs. large plate with either a shared serving bowl 
or an individual serving bowl  C, I Acute study 

Unaware 
(cover story 
used) 

Self-
selected 

Yes²meal eaten 
with a friend or 
stranger as part of 
an addition research 
question 

YES 
Koh and 
Pliner, 2009 
(Study 4)  

Large vs. standard size tableware (dinner plate, bowl) 
with side plate  C Acute study 

Not 
reported/insuf
ficient 
information 

Self-
selected No 

Relative impact: 
NO²energy 
intake 
YES²larger veg 
PS 

Libotte et al., 
2014  

Medium-size plate with standard size spoon vs. large 
plate with large spoon (50% more vs. standard size) 

 I Acute study Unaware Fixed No NO 
Rolls et al. 
2007  
(Study 2)  

Small vs. large bowl with small vs. large ice-cream 
scoop   C, I 

Acute study 
(Nutritionists 
social event) 

Unaware 
Self-
selected No YES 

Wansink et 
al., 2006  
 

Small vs. large tableware (plate, spoon and fork); both 
served with 120 mL glass  I Acute study Not reported 

Self-
selected No 

Relative impact: 
NO²total energy  
YES²rice PS 
reduction 

Vakili et al., 
2019  
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Table 5. (Continued) 
 

Tool and Control  Study 
Outcome 

Duration of 
Intervention 

Participant´s 
Awareness 
of Study 
Purpose 

Type of PS 
Other Strategy 
Used Alongside 
Intervention 

Overall Impact 
of the Tool Reference 

TABLEWARE         
PORTION CONTROL/CALIBRATED TABLEWARE         
Portion control Plates         

Calibrated plate (glass with print) with tele-coaching 
vs. no plate and standard advice (leaflets)  I, W 

6 months  
(free-living) 
(Mayo Clinic) 

Aware 
Self-
selected 

Yes²tele-coaching 
present 

YES (3 months) 
 

Huber et al., 
2015  

Calibrated plate with 5 sectors (printed)  for Rice, 
PROT and 3 types of vegetables, vs. standard care 

 C, W 3 months (free-
living) 

Aware Self-
selected 

Yes²given 
alongside standard 
care for CVD  

YES (3 months) Jayawardena 
et al., 2019  

3D plate with indented sectors for CHO, PROT and 
FV vs. regular plate  

 C Acute study Aware Self-
selected 

No YES Hughes et al., 
2017  

Calibrated tool combinations     

Calibrated DietPlate plate plus bowl vs. no tableware 
(both groups received nutritional counselling) (8±16 y 
olds) 

 I, W 6 months (free-
living) 

Aware Self-
selected 

Yes²part of 
FOCUS family 
intervention 
programme 

NO Ho et al., 
2016  

Calibrated glass plate and bowl with print vs. standard 
care 

 I, W 
6 months  
(free-living)  
(Mayo Clinic) 

Aware Self-
selected 

Yes²food poster 
and nutrition advice 
customized 

YES (3 months) Kesman et 
al., 2011  

Calibrated DietPlate plate plus bowl and book vs. 
standard care (dietitian contact at start and then as 
needed) 

 I, W 
6 months  
(free-living) 
(private clinic) 

Aware 
Self-
selected 

Yes²Part of a 
portion control 
intervention 
receiving follow-ups 
by dietitians and 
required to complete 
a daily log 

YES 
Pedersen et 
al., 2007 
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Table 5. (Continued) 
 

Tool and Control  Study 
Outcome 

Duration of 
Intervention 

Participant´s 
Awareness 
of Study 
Purpose 

Type of PS 
Other Strategy 
Used Alongside 
Intervention 

Overall Impact 
of the Tool Reference 

TABLEWARE         
PORTION CONTROL/CALIBRATED TABLEWARE         
Calibrated tool combinations         

Calibrated plate, bowl and glass (Precise Portions) or 
portion control serving spoons (Healthy Steps) 
calibrated protein, carb and veggie ladles/spatula).  
No control (before and after) 

 A 2 weeks each 
tool (free-living) 

Aware Self-
selected 

No 

Relative impact: 
NO²glass 
YES²plate, 
bowl, serving 
spoons 

Almiron-Roig 
et al., 2016; 
2019  
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Range of Tools Identified 

A wide variety of instruments were identified from the database searches and were categorized through 

a taxonomy of tools including 5 clusters (Figure 22). Cluster 1 encompasses all tableware and consists 

of eating/drinking utensils and serving utensils. Clusters 3±5 include other tools that are not tableware 

such as educational aids, computerized tools and cooking utensils. In addition, grey literature searches 

(Google and related platforms) identified a number of commercial products claiming to help control portion 

sizes for both adults and children. Examples include divided trays or plates with sectors, cheese graters, 

oil dispensers, nut and salad dressing containers and divided lunch boxes. Most of these products lacked 

scientific evidence and so these tools were not investigated further. Portion control sets for which 

published data exists have been included in the analyses. 

Eating/drinking utensils include differently sized, calibrated or specially designed Tupperware and 

crockery/glass or tableware made with other material (plates, bowls, glasses and cups). Serving utensils 

included also differently sized or calibrated serving dishes/platters and serving spoons, ladles and scoops. 

Educational aids are all image-based tools and included pre-portioned meal diagrams, hand-based 

portion guides; and non-food (reference) object portion guides. Computerized tools included web or 

mobile applications/software for tablets and phones (see IV. Results, Section I, supplementary material, 

table 1). 

 
Figure 22. Taxonomy of available portion control tools (compiled by the authors from various sources; 

see text and the  IV. Results, Section I, supplementary material, table S1). 

Portion
control tools

Tableware

Sectored or restricted
volume tupperware

Reduced size, calibrated
or specially designed

Serving utensils Serving trays

Serving spoons, 
spatulas and laddles

� Plates
� Trays
� Bowls
� Glasses
� Cutlery

Eating utensils

Other
� Educational aids

� Technology/software

� Cooking utensils

Oil / nut / cheese dispensers
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An overall description of each paper including details of the main outcomes is presented in Table 6 

(portion size awareness), Table 7 (portion size choice), Table 8 (portion size intake) and Table 9 (weight 

status). Further details of all publications can be found in the  supplementary material (IV. Results, Section 

I, supplementary material, table S1). 
Seven articles reported changes in portion size awareness or learning. Portion size choice was measured 

as served amount in 12 articles, while portion size intake was reported as energy (kcal/kJ) or amount 

consumed (grams, ounces, proxy measures) in 21 articles. Nine articles reported change in body weight 

or in BMI. The total of these articles amounts to more than 36 because some report more than one 

outcome measure (e.g., choice and intake, intake and weight status, awareness and intake). Articles 

reporting more than one relevant outcome have been included in the corresponding sections and tables, 

with emphasis on each specific outcome measure (see the following segments). 

  
Results of Studies Examining Portion Size Awareness 

Seven articles included portion size awareness and learning as main study outcome (Table 6). Only one 

study in this category included educational aids as a tool to enhance/promote portion size knowledge 

(Rolls et al., 2017). The remaining studies used computerized tools (online programme and mobile phone 

application) as main strategy. When assessing the overall impact of the included studies (Table 5), three 

out of seven studies (43%) reported an impact, mainly due to interventions using online programmes. 

 
Table 6. Studies reporting changes in portion size awareness and learning. 

Authors, 
Country Study Design Tool Population Main Results 

Almiron-Roig et 
al., 2016; 2019  
UK 

Randomized 
crossover trial 
including a qualitative 
sub-study 
4 weeks (2 weeks 
with each tool) 

Set of calibrated crockery 
(plate, bowl, glass) 
Set of plastic serving 
spoons (CHO, PRO, FV) 

Adults with 
overweight and 
obesity (n = 29) 

Both sets of tools were well 
accepted and perceived to be 
effective, especially to 
increase PS of vegetables 
and reduce PS of CHO. Both 
tools considered to be 
practical to help learn 
appropriate PS 

Brown et al.,  
2019  
Australia 

Baseline Survey (1 
day) 
Parallel intervention 
(4 weeks) 

ServARpreg app (mobile 
phone-based nutrition 
educational tool to assess 
knowledge of 
carbohydrates and 
standard serving sizes of 
pregnant women) vs. 
control group (did not use 
the app) 

Pregnant women 
n = 186 Survey 
n = 97 
Intervention (n = 
36 App; n = 61 
Control) 

ServARpreg app improved 
CHO quantification 
knowledge (36 food items) 
but did not improve standard 
portion size knowledge (11 
food items and recipes) 
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Table 6. (Continued) 

Authors, 
Country 

Study Design Tool Population Main Results 

Kroeze et al., 
2018  
Netherlands 

Observational Study 
9 months 

Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting on a 
digital dish-up for 
knowledge and awareness 
of portion size) as part of a 
combined educational 
intervention consisting of 
two phases (3 and 9 
months) a (SMARTsize) 

Adults with 
overweight and 
obesity (n = 225) 

Intervention improved self-
reported strategies to control 
portion size after 3 months 
(i.e., prepare low-calorie 
dishes, intention to consume 
smaller portions and the use 
of portion control strategies) 
Individual counselling had no 
impact on hypothesized 
outcomes 

Poelman et al., 
2013  
Netherlands 

Randomized 
controlled trial 
including online 
questionnaire, 
assessed at baseline 
and 1 week after. 

Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting on a 
digital dish-up for portion-
size knowledge and 
awareness) as part of a 
combined educational 
intervention 
(PortionControl@HOME) 

Adults with 
overweight and 
obesity 
n = 167 
Intervention 
n = 143 Control 

Intervention enhanced the 
awareness of reference PS 
and of overeating triggers for 
larger portions 

Poelman et al., 
2015  
Netherlands 

Parallel randomized 
controlled trial 
12 months 

Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting on a 
digital dish-up for portion-
size knowledge and 
awareness) as part of a 
combined educational 
intervention 
(PortionControl@HOME) 

Adults with 
overweight and 
obesity (n = 278) 

Intervention led to 
improvements on portion size 
awareness at 3, 6 and 12 
months that induced a small 
reduction in BMI at 3 months 
of intervention. These 
differences were not 
maintained at 6 and 12 
months 

Riley et al., 
2007  
USA 

Parallel randomized 
controlled trial (12 
months) 
Crossover trial (1 
day) 

CFPT²Computerized 
Food Portion Tutorial 
(Computer-based program 
providing multimedia 
training and feedback 
regarding food portions of 
common food items) 

Adults with 
overweight and 
obesity (n = 76) 

CFPT program modulated 
and improved the 
variation/error between the 
estimated and weighed 
portions however it failed to 
improve accuracy in the 
estimation 
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Table 6. (Continued) 

Authors, 
Country 

Study Design Tool Population Main Results 

Rolls et al., 
2017  
USA 

Three-arm 
randomized 
controlled trial 
12 months 

1st arm: Tool set and 
educational guidelines 
(Digital food scale; 
measuring cups and 
spoons; placemat 
illustrating appropriate 
proportions of meal 
components; Portion size 
card with common objects) 
as part of the Portion-
Control Strategies Trial. 
2nd arm: Pre-portioned 
food group 
3rd arm: Standard advice 
(control) 

Adults with 
overweight and 
obesity (n = 186; 
n = 62 per arm) 

The tool set and guidelines 
helped reduce energy density 
of the diet however there 
were no significant 
differences in body weight 
compared with the Standard 
advice (control group) or the 
pre-portioned group 
(alternative intervention 
which was the most effective 
at 3 months). 

Abbreviations: CHO, carbohydrate; FV, fruit and vegetables; PRO, protein; PS portion size. The term calibrated is used to 
describe a portion control utensil with either printed indicators or segments separated with raised edges (3D). For full details 
please see supplementary material (IV. Results, Section I, supplementary material, table S1). a n = 66 (online program, cooking 
lessons and other strategies during 3 months); n = 159 (9 months, the same as the 3-month group but with individual counselling). 
 

Only three of the seven articles provided sufficient data to be included in the meta-analysis (Figure 23). 

This revealed that interventions using web-based or mobile applications did not have a significant impact 

on portion size awareness. Although some individual studies showed promising results for web-based 

tools, the overall effect size was small, and heterogeneity across studies was high (d: 0.20; 95% CI: ±

0.18, 0.59; I2 = 95.16%). 
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Figure 23. Forest plot for the analysis of all comparisons examining the effects of portion control tools on 

portion size awareness using random-effects meta-analysis. Contributing comparisons are represented 

by a filled square with horizontal lines, where the area of the square depicts the contribution of the study 

to the full analysis, and the horizontal lines indicate the 95% CIs for each study. Studies displaced to the 

left of a 0 line demonstrate a finding in favour of the tool not improving portion size learning or awareness, 

whereas those to the right demonstrate a finding in favour of the tool enhancing portion size learning or 

awareness). The diamond at the base of the plot represents the combined effect (Standardized Mean 

Difference) with 95% CIs. 

 

Results of Studies Examining Portion Size Choice 

Fourteen studies (Table 7) examining the effect of portion control tool on served portion size/amount were 

reviewed. Most of the studies in this category used differently sized tableware (bowls and plates) as main 

strategy and reported substantial impact on serving sizes (12/14, 86%). Studies in this group included 

both children and adults with four studies performed in children (DiSantis et al., 2013; Van Ittersum and 

Wansink, 2013; Wansink et al., 2014a), as a whole, reporting a significant impact on portion size choice. 

 

Table 7. Studies reporting changes in portion size choice (self-selected portion size). 
Authors, 
Country Study design Tool Population Main results  

Almiron-Roig 
et al., 2016; 
2019  
UK  

Randomized 
crossover trial 
including a qualitative 
sub-study  
4 weeks (2 weeks 
with each tool) 

Set of calibrated crockery 
(plate, bowl, glass) 
Set of plastic serving spoons 
(CHO, PRO, FV) 

Adults with 
overweight and 
obesity (n = 29) 

Both tools increased PSs of 
vegetables and helped 
decrease PSs of chips and 
potatoes (self-reported data) 
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Table 7. (Continued) 

Authors, 
Country 

Study design Tool Population Main results  

DiSantis et al., 
2013  
USA 

Randomized 
crossover trial  
8 days (school lunch) 

Dishware sizes: 
x Child-VL]H�SODWH�����´��

and bowl (8 oz)  
x Adult-VL]H�SODWH������´��

and bowl (16 oz)  

First grade (5±6 
y old children)  
(n = 42) 

Chid-size dishware reduced 
self-served PSs when 
compared to adult-size 
dishware. Food liking and 
meal format (unit entrée) 
enhanced this effect 

Fisher et al., 
2013  
USA 

2 × 2 Randomized 
crossover trial 

Serving spoon sizes: 
tablespoon and teaspoon 
Amount of entrée available: 
275g and 550g 

4±6 y old 
children  
(n= 60) 

Teaspoons reduced entrée 
serving size by 11.5% vs. 
using tablespoons. 
Exposure to larger PS of 
entrée increased serving size 
by 40%. 

Hughes et al., 
2017  
USA 

Two randomized 
crossover trials  
1 day 

x 3D plate (21 cm) with 
indicators for CHO, PRO 
and FV. 

x Regular plate (30 cm) 
With USDA guidelines 
(Study 1) or household 
measure guidelines (Study 
2) (instructions required for 
correct usage) 

Healthy adults  
n = 70 Study 1 
n = 40 Study 2  

Calibrated plate reduced self-
selected PSs of all foods. 
Vegetables serving sizes 
remained below the 
recommended portion sizes 
on both dishes 

Koh and 
Pliner, 2009 
(Study 4)  
Canada 

Mixed-methods 
randomized 
controlled trial 
(crossover and 
parallel) 
1 day 

x Large Plate (23.5 cm) 
x Small Plate (18.2 cm) 
x Serving bowl, non-

shared 
x Serving bowl, shared 

Women, with and 
without 
overweight (n = 
57) 

The small plate (but not the 
large) induced participants to 
self-serve less in the sharing 
condition vs. the non-sharing 
condition. Eating with friends 
led to self-serving more food 
than eating with strangers 
(effect of acquaintance) 

Kroeze et al., 
2018  
Netherlands 

Observational Study  
9 months 

Web based 
PortionSize@warenessTool 
(educational on-line program 
consisting on a digital dish-
up for portion size 
knowledge and awareness) 
as part of a combined 
educational intervention 
consisting of two phases (3 
and 9 months [n=66, 3 
months; n=159, 9 months; 
see table S1 (SMARTsize)] 
 

Adults with 
overweight and 
obesity (n = 225) 

Intervention improved self-
reported strategies to control 
food portion size after 3 
months (i.e., prepare low-
calorie dishes, intention to 
consume smaller portions and 
the use of portion control 
strategies). 
Individual counselling had no 
impact on outcomes  
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Table 7. (Continued) 

Authors, 
Country 

Study design Tool Population Main results  

Libotte et al., 
2014  
Switzerland 

Parallel randomized 
controlled trial (fake 
buffet) 
1 day 

Dishware sizes: 
x Standard Plate (27 cm), 

bowl (14 cm), plate (16 
cm) 

x Large plate (32 cm), 
bowl (14 cm), plate (16 
cm) 

Adults, normal 
weight  
(n = 83) 

Plate size did not have an 
effect on self-served total 
energy of the meal. Large 
plate promoted larger serving 
sizes for vegetables 

Robinson et 
al., 2016  
U.K. 

Parallel randomized 
controlled trial  
1 day 

x Large bowl (18 cm) 
x Small bowl (16 cm) 

Adults with 
normal weight 
and overweight 
n = 31 Small 
bowl 
n = 30 Large 
bowl  

The small bowl induced 
participants to self-serve more 
popcorn (4 times) vs. the 
large bowl (3.5 times) 

Rollo et al., 
2017  
Australia 

Three-arm 
randomized 
controlled trial  

x ServAR technological 
tool (Augmented reality 
educational tool to guide 
the serving of food for 
portion control on 
tablet). 

x Control group (no 
intervention) 

Adults with 
normal weight 
and overweight 
(n = 90) 

ServAR tool was well 
accepted and found easy to 
use. Moreover, it improved 
accuracy and consistency of 
PS estimates compared to the 
information and control group 
(actual data on serving sizes 
not reported)  

Van Kleef et 
al., 2012  
USA 

Parallel randomized  
trial  
1 day 

x Large Serving Bowl (6.9 
L) 

x Medium Serving Bowl 
(3.8 L) 

Normal weight 
undergraduate 
students  
Large Bowl (n = 
37) 
Medium Bowl (n 
= 30) 

Large-size serving bowls 
promoted to self-serve 77% 
more pasta vs. the medium-
size bowls (reduction of 44% 
with the small bowl) 

Van Ittersum 
and Wansink 
2013  
USA 

Randomized 
crossover trial 
4 days (school) 

x Large Bowl (16 oz) 
x Small Bowl (12 oz) 

6±12 y olds 
classed as 
extroverted or 
introverted (n = 
18) 

Small bowl reduced cereal 
self-served PSs by 44%, 
especially for extroverted 
children 
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Table 7. (Continued) 

Wansink et 
al., 2006  
USA 

Parallel semi-
randomized trial  
1 day  
(professional social 
event) 
 

x Small Bowl (17 oz) with 
small (2 oz) or large (3 
oz) ice-cream scoop. 

x Large Bowl (34 oz) with 
small (2 oz) or large (3 
oz) ice-cream scoop.  

Adults (Nutrition 
experts) 
(n = 85) 

Small bowl reduced self-
served ice cream PSs by 
24%. The small ice-cream 
scoop reduced (a) the amount 
of self-served ice cream by 
12% regardless of bowl size 
(effect most notable with the 
small bowl); and (b) the 
amount loaded onto each 
scoop (2.2 vs. 3 oz). Although 
the small spoon increased the 
number of tablespoons, this 
was not enough to increase 
consumption 

Wansink and 
Van Ittersum 
2013 (Study 
2)  
USA 

Observational Study  
1 day (Chinese buffet 
restaurant) 

x Large Plate (29 cm) 
x Small Plate (25 cm) 

Adults with 
overweight (n = 
43) 

Eating with a small plate 
reduced total energy intake by 
34% 

Wansink and 
Van Ittersum 
2013 (Study 
3)  
USA 

Parallel trial  
1 day 
(Conference buffet on 
changing health 
behaviour) 

x Large Plate (29 cm) 
x Small Plate (25 cm) 

Adults (n = 209) 

Eating with the small-size 
plate reduced self-serving 
food volume (number of trays 
served at  group level). The 
large plate increased the 
amount of meat and fish 
served as well as vegetables 
and salad 

Wansink et 
al., 2014  
(Study 1)  

Parallel randomized 
controlled trial  
1 day (schools)  

x Small Bowl (8 oz)  
x Large Bowl (16 oz) 

Pre-school aged 
children with 
obesity (n = 69) 

Children requested less 
cereal (served by adults) with 
small bowl (reduction of 47%). 

Wanskink et 
al., 2014 
(Study 2)  

Randomized 
crossover trial  
2 days 
(Summer camp) 

x Small Bowl (8 oz)  
x Large Bowl (16 oz) 

6±12 y old 
children (Low-
income families) 
(n = 18) 

The small bowl reduced the 
amount self-selected (served 
by adults) by 41% compared 
to the large bowl. 

Abbreviations: CHO, carbohydrate; FV, fruit and vegetables; PRO, protein; PS portion size. The term calibrated is 
used to describe a portion control utensil with either printed indicators or segments separated with raised edges 
(3D). The term serving size is used as a proxy for self-selected portion size, as stated in the original publication. 
For full details please see supplementary material (IV. Results, Section I, supplementary material, table S1). 
 

Only five of the 14 studies reported sufficient data to be included in the meta-analysis (Figure 24), 

encompassing eight independent comparisons. Across all tools, there was a significant effect of tool on 

portion size choice (d = ±0.48; 95% CI: ±0.72, ±0.24; I2 = 89.27%). Six comparisons clearly showed a 

tendency for the tool to reduce serving sizes, with a medium sized effect, while for two comparisons, the 

reduced sized plate or bowl did not impact served amounts (Wansink et al., (2006) Comparison 3 and 

Koh and Pliner (2009), non-shared bowl). Excluding one study where the portion tool was manipulated 
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alongside portion size (Fisher et al., 2013), the results did not change (IV. Results, Section I, 

supplementary material, figure S1). 

 

Figure 24. Forest plot for the analysis of all comparisons examining the effects of portion control tools on 

portion size choice (served amount) using random-effects meta-analysis. Contributing comparisons are 

represented by a filled square with horizontal lines, where the area of the square depicts the contribution 

of the study to the full analysis, and the horizontal lines indicate the 95% CIs for each study. Studies 

displaced to the left of a 0 line demonstrate a finding in favour of the portion control tool to reduce serving 

sizes, whereas those to the right demonstrate a finding in favour of the portion control tool promoting an 

increase on served amounts when compared with the control condition. The diamond at the base of the 

plot represents the combined effect (Standardized Mean Difference) with 95% CIs. Wansink et al. (2006) 

Comparison 1²Small bowl combined with small spoon vs. Large bowl combined with large spoon. 

Wansink et al. (2006) Comparison 2²Small bowl combined with large spoon vs. Large bowl combined 

with large spoon. Wansink et al. (2006) Comparison 3²Large bowl combined with small spoon vs. Large 

bowl combined with large spoon. 

 

Results of studies Examining Portion Size Intake 

Twenty-one studies were included in this group (Table 8). Eleven of these studies (11/21, 52%) reported 

an impact of using a portion control tool on food portion size (either as consumed amounts or energy 

intake). Using a smaller plate to reduce consumed amounts was a common strategy; however, it 

inconsistently resulted in reduced intake when the plate was used on its own (i.e., without a reduced size 
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bowl or cutlery). Smaller plates were only effective when combined with smaller bowls in a short-term 

school intervention (DiSantis et al., 2013) and when combined with a shared serving bowl (as opposed 

to non-shared) in a controlled study (Koh and Pliner, 2009b). 

Smaller bowls alone were effective as part of a weight loss intervention in adults with diabetes (Koh and 

Pliner, 2009a), but not in two controlled laboratory studies (Ahn et al., 2010). A number of acute studies 

with children and adults across different settings also reported an impact on consumed amounts with 

smaller bowls alone or alongside smaller spoons, but they all come from Cornell University (van Kleef et 

al., 2012; Wansink et al., 2006, 2014a). 

Using smaller cutlery produced different results depending on the setting. For instance, smaller forks were 

effective in the laboratory but not in the restaurant (Mishra et al., 2012), and smaller spoons were effective 

in adults but not in children (Fisher et al., 2013; Venema et al., 2020). 

Regarding glass shape and size, a mega-analysis of 8 studies reported no impact on wine sales (a 

surrogate for consumption) in bars, although for restaurants, a larger (350±370 mL) than standard (290±

300 mL) glass induced higher wine sales (Pilling et al., 2020). 

Some of these studies were carried out under uncontrolled testing conditions, and the study populations 

ranged from children, only women, to individuals with special conditions, which may increase the 

heterogeneity in the results. 

 

Table 8. Results of studies reporting changes in portion size intake (in consumed amounts or energy). 

Authors, Country Study Design Tool Population Main Results  

Ahn et al., 2010  
Korea 

Randomized 
crossover trial  
3 months (at 
home) 

x Regular Bowl (380 
mL) 

x Small Bowl (200 mL) 

Adult women with 
type 2 diabetes 
(with and without 
overweight/obesity)  
(n = 42) 

The small bowl reduced total 
energy consumed and 
carbohydrate intake, (in 
addition to body weight and 
blood glucose levels) 

Ayaz et al., 2016  
Turkey 

Randomized 
crossover trial  
3 days (buffet) 

x Large Plate (28 cm) 
x Medium Plate (23 cm) 
x Small Plate (19 cm) 

Normal weight 
Women  
(n = 37) 

No effect of plate size on 
energy intake or on specific 
macronutrient intake 

DiSantis et al., 
2013 
USA 

Randomized 
crossover trial  
8 days (school 
lunch) 

Dishware sizes: 
x Child-VL]H�3ODWH�����´��

and bowl (8 oz)  
x Adult-size Plate 

�����´��DQG�ERZO�����
oz)  

Children between 
4±5-year-old 
(n = 42) 

Child-size dishware reduced 
total energy consumed when 
compared to adult-size 
dishware. 
Adult-size dishware induced 
an increase of 0.43 kcal 
consumed for each additional 
kcal served 

Fisher et al., 2013  
USA 

2 x 2 
Randomized 
crossover trial 

Serving spoon sizes: 
tablespoon and teaspoon 
Amount of entrée 
available: 275g and 550g 

4±6 y old children  
(n = 60) 

No effect of spoon size was 
reported on food intake. Larger 
served PS tended to induce 
higher consumption. 
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Table 8. (Continued) 

Authors, Country Study Design Tool Population Main Results  

Koh and Pliner, 
2009 (Study 4)  
Canada 

Mixed-methods 
randomized 
controlled trial 
(crossover and 
parallel) 
1 day 

x Large Plate (23.5 cm) 
x Small Plate (18.2 cm) 
x Serving bowl, non-

shared 
x Serving bowl, shared 

Women, with and 
without overweight 
(n = 57) 

The small plate (but not the 
large) induced participants to 
self-serve less in the sharing 
condition only. Eating with 
friends led to self-serving more 
food than eating with strangers 
(effect of acquaintance). 

Kosite et al., 2019  
UK 

Parallel 
randomized 
controlled trial  
1 day 

x Large Plate (29 cm) 
x Small Plate (23 cm) 

Adults with 
overweight and 
obesity 
(n = 67 per group) 

No effect of plate size on total 
energy intake or eating 
parameters i.e. eating rate, 
bite size). Participants using 
the large plate left more food 
(average 8.6 g (95% CI [1.1, 
16.0]) on the plate. 

Mishra et al., 2011  
USA 

Parallel trials 
(field study and 
controlled lab 
setting)  
1 d 

x Small fork (20% less 
capacity than regular 
fork) 

x Large fork (20% more 
capacity) 

 

Adults (sample not 
reported)  
Lab study (n = 81) 

Smaller fork increased food 
consumption compared to the 
large size fork when used in 
restaurant setting. Opposite 
pattern was found in the lab 
where pasta consumption was 
decreased with the small fork. 

Pilling et al., 2020  
UK 

Mega-analysis of 
8 studies across 
5 establishments 

Wine glasses size (bars): 
x Size 4 (450 mL) 
x Size 3 (370 mL) 
x Size 2 (310 mL) 
x Size 1 (250 mL) 
Wine glasses size 
(restaurants): 
x Size 4 (510 mL) 
x Size 3 (450 mL) 
x Size 2 (370 mL) 
x Size 1 (250 mL) 

Adults  

No impact of glass size on 
wine sales seen in bars. 
For restaurants, only the 370 
mL glass (and close volumes, 
i.e., 350 mL) increased wine 
sales when compared with the 
standard size glass (300 mL)   

Robinson et al., 
2016  
UK 

Parallel 
randomized 
controlled trial  
1 day 

x Large bowl (18 cm) 
x Small bowl (16 cm) 

Adults with normal 
weight and 
overweight 
n = 31 Small bowl 
n = 30 Large bowl  

No effect size of bowl size was 
reported on food consumption 

Rolls et al., 2007  
(Study 1)  
USA 

Randomized 
crossover trial  
3 days 

x Large Plate (26 cm) 
x Medium Plate (22 cm) 
x Small Plate (17 cm) 
1 course, self-selected 
PS 

Adults with 
overweight and 
obesity (n = 45) 

No effect of plate size on meal 
energy intake 
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Table 8. (Continued) 

Authors, Country Study Design Tool Population Main Results  

Rolls et al., 2007  
(Study 2)  

Randomized 
crossover trial  
2 days 

x Large Plate (26 cm 
cm) and soup spoon 
(50% larger than the 
standard) 

x Medium Plate (22 cm) 
and standard spoon 

1 course, fixed PS 

Adults with 
overweight and 
obesity (n = 30) 
 

No effect of plate or spoon size 
on meal energy intake 

Rolls et al., 2007 
(Study 3)  

Randomized 
crossover trial  
3 days 

x Large Plate (26 cm) 
x Medium Plate (22 cm) 
x Small Plate (17 cm 
Buffet, self-selected PS 

Adults with 
overweight and 
obesity (n = 44) 

No effect of plate size on meal 
energy intake 

Rolls et al., 2017  
USA 

Three-arm 
randomized 
controlled trial 
12 months 

1st arm: Tool set and 
educational guidelines 
(Digital food scale; 
measuring cups and 
spoons; placemat 
illustrating appropriate 
proportions of meal 
components; portion size 
card with common 
objects) as part of the 
Portion-Control Strategies 
Trial. 
2nd arm: Pre-portioned 
food group 
3rd arm: Standard advice 
(control) 

Adults with 
overweight and 
obesity (n = 186; 62 
per arm) 

Only pre-portioned food group 
reduced food intake (by 11%). 
All groups showed a significant 
decrease on food energy 
density, but no difference was 
detected across groups after 3 
months. 

Shah et al., 2011  
USA  

Parallel 
randomized 
controlled trial  
2 days 

x Large Plate (27 cm) 
x Small Plate (22 cm) 

Women with and 
without overweight 
and obesity (n = 20) 

Plate size did not impact on 
the amount of energy 
consumed, the taste of the 
menu, satiety or subjective 
appetite, regardless of body 
weight 

Shimpo and 
Akamatsu 2018  
Japan 

Randomized 
crossover trial  
4 days 

Bowl Size 
x Large Bowl (13.5 

cm) 
x Small Bowl (11.5 

cm) 
Rice Portion Size 
x Small (150 g) 
x Large (250 g) 

Men with normal 
weight and 
overweight (n = 21) 

Rice portion size had a 
significant effect on intake 
whereas bowl size did not 
affect rice consumption.  
Exposure to large portion size 
promoted rice consumption. 
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Table 8. (Continued) 

Authors, Country Study Design Tool Population Main Results  

Vakili et al., 2019  
Iran 

Parallel 
randomized 
controlled trial  
2 days  

Ceramic/glass tableware: 
x Large plate, spoon 

and fork (25 cm; 15 
mL); glass 120 mL 

x Small plate, spoon 
and fork (19.5 cm; 5 
mL); glass 120 ml 

Clerical staff of the 
university with 
overweight and 
obesity (n = 40) 

The small tableware reduced 
rice consumption, but no effect 
was found on total energy 
intake 

Van Kleef et al., 
2012  
USA 

Parallel 
randomized trial  
1 day  

x Large serving bowl 
(6.9 L) 

x Medium serving bowl 
(3.8 L) 

Normal weight 
undergraduate 
students  
Large Bowl (n = 37) 
Medium Bowl (n = 
30) 

Large-size serving bowls led to 
consume 71% more pasta vs. 
medium bowls (reduction of 
42% with medium bowls) 

Venema et al., 
2020  
Netherlands  

Mixed-methods 
randomized trial 
(Crossover for 
spoon size and 
parallel for habit 
context 
condition)  
2 days 

x Large spoon (5ml)  
x Small spoon (2.5 mL)  
Both spoon size with 
either habit context 
disruption (cold tea) or 
habit context preservation 
(hot tea). 

Adults (n = 123) 

Participants consumed less 
sugar added to the tea (27%) 
when they used the small-size 
spoon. This effect was 
attenuated in people with a 
stronger habit of adding a fixed 
amount of sugar to tea 

Wansink and Van 
Ittersum 2013 
(Study 2)  
USA 

Observational 
Study  
1 day (Chinese 
restaurant-buffet) 

x Large Plate (29 cm) 
x Small Plate (25 cm) 

Adults with 
overweight (n = 43) 

Eating with a small plate 
reduced total energy intake by 
31% and leftovers by 38%. 
The effect could be partly 
influenced by baseline hunger 
levels 

Wansink et al., 
2006  
 

Parallel semi-
randomized trial  
1 day  
(Professional 
celebration) 

x Small Bowl (17 oz) 
with small (2 oz) or 
large (3 oz) ice-cream 
scoop. 

x Large Bowl (34 oz) 
with small (2 oz) or 
large (3 oz) ice-cream 
scoop.  

Adults (Nutrition 
Experts) 
(n = 85) 

Small bowl reduced self-
served ice cream PSs by 24%. 
The small ice-cream scoop 
reduced (a) the amount of self-
served ice cream by 12% 
regardless of bowl size (effect 
most notable with the small 
bowl); and (b) the amount 
loaded onto each scoop (2.2 
vs. 3 oz). Although the small 
spoon increased the number of 
tablespoons, it did not increase 
consumption 

Wansink et al., 
2014 (Study 1)  
USA 

Parallel 
randomized 
controlled trial  
1 day (schools)  

x Small Bowl (8 oz)  
x Large Bowl (16 oz)   

Pre-school age 
children with 
obesity (n = 69) 

Children requested and ate 
less cereal with small bowl 
(served by adults) compared to 
large bowl (reduction of 47%) 
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Table 8. (Continued) 

Authors, Country Study design x Tool Population Main results  

Wanskink et al., 
2014 (Estudio 2) 
(Wansink et al., 
2014a) 

Randomized 
crossover trial  
2 days 
(Summer camp) 

x Small Bowl (8 oz)  
x Large Bowl (16 oz)   

6±12 y old children 
(Low-income 
families) (n = 18) 

The small bowl reduced the 
amount self-selected and 
consumed (served by adults) 
by 41% compared to the large 
bowl 

Yip et al., 2013  
New Zealand 

Randomized 
crossover trial  
2 days  

x Small Plate (20 cm)  
x Large Plate (27 cm)   

Women with 
overweight and 
obesity (n = 20) 

Plate size did not impact 
energy or macronutrient 
consumption at mealtime 
(buffet with attractive foods).  

Abbreviations: CHO, carbohydrate; FV, fruit and vegetables; PRO, protein; PS, portion size. The term calibrated is used to 
describe a portion control utensil with either printed indicators or segments separated with raised edges (3D). The term serving 
size is used as a proxy for self-selected portion size, as stated in the original publication. 

 

Sixteen of these studies, representing 21 comparisons, were included in the meta-analysis (Figure 25), 

which confirmed the trend observed in the whole sample of papers. A significant overall effect of tool was 

detected indicating that the use of a portion control tool induces a reduction in food consumption (d = ±

0.22, 95%CI: ±0.38, ±0.06; I2 = 89.02%), but with a small effect size. A test of group differences just fell 

VKRUW�RI�GHWHFWLQJ�D�VLJQLILFDQW�LPSDFW�RI�WRRO�W\SH�RQ�IRRG�LQWDNH��Ȥ2(3) = 7.12, p = 0.07). Close examination 

of the data suggests that combinations of two or more tools including reduced-size tableware (d = ±0.22; 

95% CI: ±0.39, ±0.05; I2 = 75.96%, 9 comparisons) might work in certain contexts, but this should be 

confirmed with further studies. Noticeably, the effect of the combined tools disappears after removing one 

study from Cornell University (Wansink et al., 2006) (d = ±0.13; 95% CI: ±0.32; 0.06; I2 = 75.46%). 

Although a potential impact might be deduced for serving bowls and spoons (d = ±0.56; 95% CI: ±1.09, 

±0.03; I2 = 93.52%) only two comparisons could be included in this group and data from other studies 

using smaller cutlery did not support this effect (Fisher et al., 2013; Mishra et al., 2012). 

Studies comparing plates of different sizes on their own  ($\D]�HW�DO���������.RK�DQG�3OLQHU������D��.RVƯWH�

et al., 2019; Rolls et al., 2007; Shah et al., 2011; Yip et al., 2013) and one long-term RCT employing a 

tool set (including a digital food scale, measuring cups and spoons, a placemat illustrating appropriate 

portions of meal components, and a portion card with common objects) (Rolls et al., 2017) could not 

confirm an effect of either strategy on food intake. 

Sensitivity analyses showed no overall impact of awareness of study purpose (test for group differences 

Ȥ2(2) = 1.20, p = 0.55) or strategy, that is, employing only the tool vs. using the tool alongside another 

VWUDWHJ\��Ȥ2(1) = 0.82, p = 0.36). Removing the study from Cornell University (Wansink et al., 2006) did 

not change the results in either case (IV. Results, Section I, supplementary material, figures S2-S5). 

Replacing the small rice PS (150 g) in Shimpo and Akamatsu (2018) with the large PS (250 g) did not 

change the results (IV. Results, Section I, supplementary material, figures S6). 
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Figure 25. Forest plot for the analysis of all comparisons examining the effects of portion control tools on 

portion size intake (consumed amount) by tool type using a random-effects meta-analysis. Contributing 

comparisons are represented by a filled square with horizontal lines, where the area of the square depicts 

the contribution of the study to the full analysis, and the horizontal lines indicate the 95% CIs for each 

study. Studies displaced to the left of a 0 line demonstrate a finding in favour of the portion control tool to 

reduce food intake, whereas those to the right demonstrate a finding in favour of the portion control tool 

to increase consumed amounts when compared with the control condition. The diamond at the base of 

the plot represents the combined effect (Standardized Mean Difference) with 95% CIs. Wansink et al., 

(2006) Comparison 1²Small bowl combined with small spoon vs. Large bowl combined with large spoon. 

Wansink et al., (2006) Comparison 2²Small bowl combined with large spoon vs. Large bowl combined 

with large spoon. Wansink et al., (2006) Comparison 3²Large bowl combined with small spoon vs. Large 

bowl combined with large spoon. 
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Results of Studies Examining Weight Status 

Nine studies were included in this group, all involving long-term weight management interventions (Table 
9). Eight of these studies (8/9, 89%) reported a positive overall impact of portion control tools on body 

weight status (i.e., the inclusion of the tool helped with weight loss or a change in BMI). 

 

Table 9. Results of studies reporting changes in body weight (change in kg or BMI). 

Authors, 
Country Study design Tool Population Main results  

Ahn et al., 2010  
Korea 

Randomized 
crossover trial 
3 months (at 
home) 

x Regular Bowl (380 mL) 
x Small Bowl (200 mL) 

Adult women with type 2 
diabetes (with and 
without 
overweight/obesity) 
(n = 42) 

Both groups reported significant 
reduction on body weight after 12 
weeks. No significant differences 
were found among groups 

Ho et al., 2016  
Canada 

Parallel 
randomized 
controlled trial 
6 months (families) 

x Calibrated tableware (Diet 
Plate-plate and bowl) + 
nutritional counselling 
(FOCUS intervention) 

x Control: only counselling 

8±16 y old children with 
overweight 
n = 51 Intervention 
n = 48 Control 

Both groups reported weight loss at 
6 months, but no effect of 
tableware was found on BMI z-
score 

Huber et al., 
2015  
USA 

Parallel 
randomized 
controlled trial 
6 months 
(Mayo Clinic) 

x Calibrated tableware 
(transparent glass with 
guidelines and text) and tele-
coaching 

x Usual care 

Adults with obesity 
n = 45 Intervention 
n = 45 Control 

The combined use of tele-coaching 
and calibrated tableware reduced 
ZRPHQ¶V�ERG\�ZHLJKW�DQG�%0,�DW���
months. The effect did not persist 
at 6 months. 
Only a reduction in the hip-waist 
ratio was detected in men at 3 
months 

Jayawardena et 
al., 2019  
Sri Lanka 

Parallel 
Randomized 
controlled trial 
3 months 

x Calibrated plate (printed 
LQGLFDWRUV�������´��divided 
into 5 segments (rice, PRO 
and 3 types of vegetables) 

x Standard Care (no plate) 

Adults with acute 
coronary syndrome 
n = 40 Intervention 
n = 39 Control 

Calibrated plate reduced BMI at 3 
months of intervention compared 
with the control condition, 
especially in patients with 
overweight and obesity 

Kesman et al., 
2011  
USA 

Parallel 
randomized 
controlled trial 
6 months 
(Mayo Clinic) 

x Calibrated tableware 
(transparent glass with 
guidelines and text) and 
dietary counselling 

x Usual care 

Adults with obesity 
n = 33 Intervention 
n = 32 Control 

Intervention including calibrated 
tableware induced greater post-
treatment weight loss at 3 months, 
compared with conventional 
treatment. Effects did not persist at 
6 months 

Kroeze et al., 
2018  
Netherlands 

Observational 
Study 
9 months 

x Web based 
PortionSize@warenessTool 
(educational on-line program 
consisting on a digital dish-
up for portion size 
knowledge and awareness) 
as part of a combined 
educational intervention 
consisting of two phases (3 
and 9 months [n=66, 3 
months; n=159, 9 months; 
see table S1 (SMARTsize)] 

Adults with overweight 
and obesity (n = 225) 

Intervention improved self-reported 
strategies to control food portion 
size after 3 months resulting in 
6.6% weight loss. 
Individual counselling had no 
impact on outcomes 
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Table 9. (Continued) 

Authors, 
Country 

Study design Tool Population Main results  

Pedersen et al., 
2007  
Canada 

Parallel 
randomized 
controlled trial 
6 months (Private 
clinic) 

x Calibrated tableware (plate 
and bowl) with 
demarcations and 
illustrations (The Diet 
Plate); dietary assessment 
and book. 

x  

Adults with obesity and 
type 2 diabetes 
n = 65 Intervention 
n = 65 Control 

Calibrated tableware improved 
cholesterol and blood pressure 
levels, reduced the use of 
hypoglycaemic medication and 
facilitated weight loss (5% of 
body weight or more significant 
only in patients using insulin) 

Poelman et al., 
2015  
Netherlands 

Parallel 
randomized 
controlled trial 
12 months 

Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting on a 
digital dish-up for portion 
size knowledge and 
awareness) as part of a 
combined educational 
intervention 
(PortionControl@HOME) 

Adults with overweight 
and obesity 
n = 139 Intervention 
n = 139 Control 

The intervention showed 
improvements on portion size 
awareness at 3, 6 and 12 months 
that induced a small reduction in 
BMI at 3 months of intervention. 
These differences were not 
maintained at 6 and 12 months 

Rolls et al., 
2017  
USA 

Three-arm 
randomized 
controlled trial 
12 months 

1st arm: Tool set and 
educational guidelines 
(digital food scale; 
measuring cups and 
spoons; placemat 
illustrating appropriate 
proportions of meal 
components; portion size 
card with common objects) 
as part of the Portion-
Control Strat Trial. 
2nd arm: Pre-portioned 
food group; 3rd arm: 
Standard advice (control) 

Adults with overweight 
and obesity (n = 186; 
62 per arm) 

Using the tool set and the 
educational guides did not impact 
on weight status more than 
receiving advice (control group) 
or pre-portioned foods (most 
effective intervention at 3 
months). However, all three 
interventions helped decrease 
dietary energy density and 
cardio-metabolic risk factors. 
 

The term calibrated is used to describe a portion control utensil with either printed indicators or segments separated with raised 

edges (3D). 

 
All nine studies reporting weight status variables were included in the MA (Figure 26). The combined 

analysis showed a marginal impact on weight status (measured as body weight or BMI change), across 

all tools (d = ±0.20; 95% CI: ±0.37, ±0.03; I2 = 84.40%). A test for group differences revealed a significant 

HIIHFW�RI�WRRO�W\SH��Ȥ2(1) = 12.34; p < 0.01). In particular, four studies using calibrated plates (Huber et al., 

2015; Hughes et al., 2017; Jayawardena et al., 2019; Pedersen, 2007)  and one study using smaller bowls 

(Ahn et al., 2010) were associated with reductions in body mass (BMI and body weight) with a medium 

effect size (d = ±0.35; 95% CI: ±0.51, ±0.19; I2 = 62.03%, 6 comparisons including a calibrated set used 

in adolescents which failed to reach significance (Ho et al., 2016)). No impact was observed for 

computerized tools and the set of tools from one long-term RCT (Rolls et al., 2017). 
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Figure 26. Forest plot for the analysis of all comparisons examining the effects of portion control tools on 

weight status (weight loss or BMI change) using random-effects meta-analysis. Contributing comparisons 

are represented by a filled square with horizontal lines, where the area of the square depicts the 

contribution of the study to the full analysis, and the horizontal lines indicate the 95% CIs for each study. 

Studies displaced to the left of a 0 line demonstrate a finding in favour of the portion control tool helping 

to reduce body weight, whereas those to the right demonstrate a finding in favour of the tool to promote 

a higher BMI or weight gain, when compared with the control condition. The diamond at the base of the 

plot represents the combined effect (Standardized Mean Difference) with 95% Cis. 

Given that several studies report a change in adherence to PS interventions at 3 months (Huber et al., 

2015; Kesman et al., 2011; Rolls et al., 2017) we conducted two separate additional analyses for studies 

reporting outcomes at 3 months vs. at or after six months. Data from studies reporting BMI or body weight 

changes at 6±12 months favoured a small but significant effect of tools on weight status variables (either 

weight loss or BMI) (d = ±0.15; 95% CI: ±0.30, ±0.00; I2 = 71.86%). A similar trend was visible in studies 
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reporting BMI or body weight changes at 3 months, but it failed to reach significance (d = ±0.19; 95% CI: 

±0.41, 0.02; I2 = 86.70%) (IV. Results, Section I, supplementary material, figures S7 and S8). 

Sensitivity analyses examining effect of awareness of study purpose by participants could not be 

conducted for the weight loss studies as the interventions were overt in all cases. 

 

Results of Studies Examining Meal Components 

Data for the impact of tools on meal components could be extracted from 17 comparisons. No overall 

effect of tool was detected for vegetables (four comparisons, d = 0.53; 95%CI: ±0.02, 1.09; I2 = 95.77%), 

carbohydrates (five comparisons, d= ±0.35; 95%CI: ±0.95, 0.26; I2 = 96.36%), protein (six comparisons, 

d = ±0.18; 95%CI: ±0.69, 0.33; I2 = 96.23%) and fat (two comparisons, d = ±0.68; 95%CI: ±2.14, 0.77; I2 

= 97.78%). 

  
Quality Assessment of the Studies in the Review 

Information about the risk of bias (ROB) for each study is reported in the supplementary material (IV. 

Results, Section I, supplementary material, table S2. Thirty-eight studies out of 40 informed about the 

primary research question and all of them evaluated the effect of portion control tools. Most of the included 

studies involved a high risk of participants being aware of the study purpose because only a few of them 

reported the use of a cover story with many involving weight loss interventions where portion control was 

one of the strategies included (making it difficult for participants to remain blinded to the study purpose). 

On the other hand, almost all of the crossover studies were randomized and considered carry-over effects. 

Only seven studies declared more than 20% dropouts, and 38 reported all pre-specified outcome 

measures. Finally, 11 studies were judged to be at high risk of bias due to failure to conduct ITT; however, 

this is common in crossover studies. 

)XQQHO�SORWV�DQG�(JJHU¶V�WHVWV�XVLQJ�ERWK�UDQGRP�DQG�IL[HG�HIIHFWV�0$�UHYHDOHG�QR�DV\PPHWU\�IRU�DQ\�

studies except for those reporting weight status variables (IV. Results, Section I, supplementary material, 

table S3 and figure S9). There was an insufficient number of studies to explore asymmetry for PS 

awareness studies (Simmonds, 2015). From these results, publication bias or other sources of significant 

heterogeneity could not be confirmed for studies examining PS awareness, choice or intake. Visual 

inspection of the funnel plots for weight status studies shows there are a few more studies reporting 

weight loss than weight gain; however, a clear relationship between effect size and standard error does 

not emerge, and publication bias cannot be confirmed based on such limited number of studies 

(Simmonds, 2015). 
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Table S1 published by Vargas-Alvarez et al. (2021). Details of papers reporting changes in portion size awareness, selection and 

consumption with the use of portion control utensils. Abbreviations: Type of study: RCT-BS- randomized control trial- between subjects; RCT-

WS- randomized control trial- within subjects; CS- Cross-sectional study. Sample: NW- participant with normal weight OW- with overweight; 
O- with obesity. For publication details see Table 2 and Reference list in main manuscript ((M. A. Vargas-Alvarez et al., 2021)). 

 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Awareness 
(Almiron-Roig 
et al., 2016a, 
2019) 
 
UK 

Randomized 
crossover trial 
including a 
qualitative sub-
study  
4 weeks (2 
weeks with 
each tool) 

SET 
Set of plastic serving 
utensils; and a set of 
crockery tableware  

Acceptability and 
pattern of use of two 
portion control sets 
(serving utensils and 
tableware) by 
individuals with 
obesity  

Adult-Both sexes 
25-86 y (49 ±13)  
OW, O 
Healthy 
n= 29 

Both tools were perceived to be effectiveness, easy to 
use, well accepted (all comparisons p>0.05), and as 
practical strategies for portion size knowledge.  
Using both tools increased vegetable portion size (raw 
and cooked) and helped reduce self-selected 
carbohydrates (potatoes and chips). 

(Brown et al., 
2019) 
 
Australia 
 
 

Baseline 
Survey (1 day) 
 
Parallel 
intervention (4 
weeks) 
 

Non-Tw- Comp. Tool  
ServARpreg app (mobile 
phone-based nutrition 
educational tool to assess 
knowledge of 
carbohydrates and 
standard serve sizes of 
pregnant women) vs. 
control group (did not use 
the app) 

Baseline survey: 
assess knowledge of 
carbohydrates and 
standard serve sizes 
of pregnant women 
 
Intervention: Evaluate 
the usability and 
effectiveness of 
ServARpreg app in 
improving 
carbohydrate and 
standard serve size 
knowledge in 
pregnant women. 

Adult-Pregnant 
Women 
30.9 ± 4.7 y 
n= 186 (survey) 
n= 97 
(Intervention) 
x App (n= 36) 
x Control (n= 61)  

ServARpreg app significantly improved carbohydrates 
quantification knowledge (p< 0.001) across 36 food 
items. This difference was not detected on standard 
serve sizes of any of 11 food items or recipes included 
in the study (p>0.05). 
Most of the participants reported an increase on portion 
size awareness. 
Women found ServAR as a simple, easy to use, and 
helpful survey for portion size awareness.  
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Table S1. (Continued) 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Awareness      
(Kroeze et al., 
2018) 
 
Netherlands 

Observational 
Study   
9 months  

Non-Tw- Comp. Tools 
Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting on a 
digital dish-up for portion 
size knowledge and 
awareness) as part of a 
combined educational 
intervention consisting of 
two phases (3 and 9 
months) j (SMARTsize) 

Enhance an adequate 
portion control 
behaviour to 
decrease energy 
intake and body 
weight. 

Adult-Both sexes  
(41.8 ± 9.9) y 
OW, O-I,II 
Healthy 
n=225 

Self-reported strategies to control food portion size 
significantly improved after 3 months of intervention (p 
< 0.001) (e.g. prepare low- calorie dishes, intention to 
consume smaller portions and the use of portion control 
strategies). In addition, an improvement of self-reported 
BMI was reported from baseline to 9 months (p< 0.001). 
Individual counselling had no impact on outcomes.   
Finally, almost 90% of the participants reported they 
used the website and were satisfied with the 
intervention (grade between 7.2 and 8.o on a 10-point 
scale). 

(Poelman et 
al., 2013) 
 
Netherlands 
 

Randomized 
controlled trial  
including online 
questionnaire, 
assessed at 
baseline and 1 
week after.    
 

 Non-Tw- Comp. Tools 
Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting on a 
digital dish-up for portion-
size knowledge and 
awareness) as part of a 
combined educational 
intervention 
(PortionControl@HOME)                 

Evaluate the effect of 
using an interactive 
web-based multi-
component 
educational tool on 
awareness of 
reference portion 
sizes  
 
 

Adult-Both sexes 
45.65±  9.20 
OW, O 
Healthy  
n=310  
(intervention 
n=167; control 
n=143) 

The intervention enhanced the awareness of portion-
size reference (p<0.001) and of overeating triggers for 
larger portions (p<0.001). 
 
Awareness of references serving sizes post test score 
(range 0-12) (Mean ± SD): 

x Intervention group: 6.31 ± 1.92 
x Control group: 5.43 ± 2.02 

Awareness of overeating triggers for larger portions 
post test score (range 0-10) (Mean ± SD): 

x Intervention group: 4.89 ± 2.02 
x Control group: 3.66 ± 2.33 

Participants completed 40% of the modules that make 
up the program. The program was reported as more 
user-friendly when the BMI increased and the age 
decreased.  

      

 
j n=66 (online program, cooking lessons and other strategies during 3 months); n=159 (9 months, the same as the 3-month group but with individual counseling). 
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Table S1. (Continued) 

Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Awareness      
(Poelman et 
al., 2015) 
 
Netherlands 

Parallel 
randomized 
controlled trial 
12 months 

Non-Tw- Comp. Tools 
Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting on a 
digital dish-up for portion 
size  knowledge and 
awareness) as part of a 
combined educational 
intervention 
(PortionControl@HOME) 
Control group: wait-list 
control group 

Evaluate the effect of 
using an interactive 
web-based multi-
component 
educational tool on 
body mass index and 
control behaviour.  

Adult-Both sexes  
18-60 y (45.65±  
9.20)  
OW, O 
Healthy  
n=278  
x Intervention 

(n=139) 
x Control 

(n=139) 
 

Mean BMI (kg/m2) decreased in both groups between 
baseline and 3 months. These differences were not 
maintained at 6- and 12-months BMI remained below 
baseline values. 
The intervention showed an impact on portion control 
behaviour and mediation effect. 
Portion control behaviour significantly mediated the 
intervention effect on BMI (p<0.001).  The mean 
estimated differences in BMI (kg/m2) were 0.33 
(95%CI=0.23 to 0.43), 0.30 (95 %CI=0.19 to 0.40) and 
0.35 (95 %CI=0.24 to 0.45) at 3, 6, and 12 months, 
respectively, between the intervention and the control 
group. 
Almost all participants (90%) logged on to the website. 
Different adherence levels were reported for each 
intervention items (cooking classes, read educational 
book, filled-out the Home-Screener completely, etc.). 

(Riley et al., 
2007) 
 
USA 

Parallel 
randomized 
controlled trial 
(12 months)  
Cross-over trial 
(1 day) 

Non-Tw- Comp. Tools 
The Computerized Food 
Portion Tutorial (CFPT) 
computer-based pro- gram 
providing multimedia 
training and feedback 
regarding food portions of 
common food items. 
x Immediate training (IT) - 

Participants received CFPT 
training before estimating 
portion sizes of a buffet meal. 

x Delayed training (DT)-
Received CFPT training 
following the meal and were 
then asked to re-estimate 
portions following training. 

Assess if web-based 
food portion training 
program (CFPT) 
improves portion size 
estimation accuracy.  

Adult-Both sexes  
18-older (52± 15 
y) 
OW, O 
Healthy  
n=76  
 

CFPT program modulated and improved the 
variation/error between the estimated and weighed 
portions however it failed to improve accuracy in the 
estimation; training exposure shift underestimation to 
overestimation. 
Participants rated the program on 5-point Likert scale 
as useful (4.1 ± 0.8) and easy to use (4.5 ± 0.9). 
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Table S1. (Continued) 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Awareness      
(Rolls et al., 
2017) 
 
USA. 

Three-arm 
randomized 
controlled trial 
12 months 

SET 
Non-Tw- Comp. Tools 
x Pre-portioned main 

dishes daily for lunch 
and dinner (individual 
servings of main dishes, 
side dishes, snacks, 
yogurt, and whole fruits). 

x Portion Selection Tools 
set (Digital food scale; 
measuring cups and 
spoons; placemat 
illustrating appropriate 
proportions of meal 
components; Portion size 
card with common 
objects). 

x Standard advice - 
educational sessions and 
materials (control) 

Evaluate if the use of 
portion control tools 
or pre-portioned food 
would promote more 
weight loss than 
following standard 
advice.  

Adult-Both  
sexes 
20-65 y 
OW, O-I, II 
Healthy  
N=186 (62 per 
arm) 
 

The tool set and guidelines helped reduce energy 
density of the diet but there were no significant 
differences in body weight at 6 or 12 months compared 
with the standard advice or the pre-portioned group 
(alternative intervention, which was the most effective 
at 3 months). 
Adherence - general indicators not significantly different 
across groups. 
Satisfaction ratings with diet differed across the groups. 
Pre-portioned Foods Group reported spending less time 
and effort on meals and feeling more self-conscious 
and deprived when eating (no  change over time on diet 
satisfaction for the other two groups). 
 

PS Choice 
(Almiron-Roig 
et al., 2016a, 
2019) 
 
UK 

Randomized 
crossover trial 
including a 
qualitative sub-
study  
 
4 weeks (2 
weeks with 
each tool) 

SET 
x Set of calibrated 

crockery (plate, bowl, 
glass) 

x Set of plastic serving 
spoons (CHO, PRO, FV) 

Acceptability and 
pattern of use of two 
portion control sets 
(serving utensils and 
tableware) by 
individuals with 
obesity 

Adult-Both sexes 
Not specified 
(Age) 
OW, O 
Healthy 
n= 29 

Both tools were perceived to be effectiveness easy to 
use, well accepted (all comparisons p>0.05), and as 
practical strategies for portion size knowledge.  
Using both tools increased vegetables (raw and 
cooked) self-selected portions size and decreased 
potatoes and chips (self-reported data). 
No significant differences were found on tool 
acceptance across tool types. All tools were reported as 
ease to use, well accepted and effective. 
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Table S1. (Continued) 

Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Choice      
(DiSantis et al., 
2013) 
 
USA 

Randomized 
crossover trial  
8 days (school 
lunch) 

Tw-Eating Plate sizes 
x Child-VL]H�3ODWH�����´��

and bowl (8 oz.) 
x Adult-VL]H�3ODWH������´��

and bowl (16 oz.) 
diameter plate and side 
8-oz bowl. 

Evaluate the effect of 
dishware size on 
young children self-
served portion sizes 
and energy intakes at 
school lunch.  

Children-Both 
Sexes  
Age: 5-6 y 
Not Specified 
(Health status) 
n= 42 
 

Chid-size dishware reduced self-served PSs when 
compared to adult-size dishware (p<0.01). Food liking 
and meal format (unit entrée) enhanced this effect. 
Children self-served 239 kcal more when the unit 
entrée was offered (p<0.001). When they liked the 
entrée, children served themselves 104 kcal more 
energy at the meal (p<0.001).  

(Fisher et al., 
2013) 
 
USA 

2 x 2 
Randomized 
crossover trial 

Tw-Serving Spoon Size 
x Serving spoon sizes: 

tablespoon and teaspoon 
x Amount of entrée 

available: 275g and 550g 

Evaluate the effect of 
the amount of food 
available and spoon 
serving size. 

Children-Both 
Sexes 
Age: 4-6 y  
Not specified 
(Health status) 
n= 60 

Teaspoons reduced entrée serving size by 11.5% 
(Tablespoon increased serving sizes by 13% compared 
to teaspoon (p<0.05)). 
Amount of food served in grams (Mean ±SD) : 
x Teaspoon: 83.7 ± 14.7 
x Tablespoon: 73.8 ± 14.7 
When children were exposed to the large size entrée 
(550 g), they self-served 40% (p<0.001) more food than 
with the small (275 g). 
Served amount in grams (Mean ± SD): 
x Small entrée size (275 g): 65.6 ± 14.7 
x Large entrée size (550 g): 91.9 ± 14.7 

(Hughes et al., 
2017) 
 
 USA 

Two 
randomized 
crossover trials  
1 day 

Tw-Eating Plate sizes 
x 3D plate (21 cm) with 

indicators for 
grain/starches, PRO and 
FV. 

x Regular plate (30 cm) 
With USDA guidelines 
(Study 1) or household 
measure guidelines (Study 
2) 

Determine the 
efficacy of the use of 
a novel portion 
control plate in on 
serving portion sizes 
and intake. 

Adult-Both sexes 
Not Specified 
(Age) 
NW, OW, O-I 
Healthy  
n=70 (Study 1) 
n=40 (Study 2) 

Calibrated plate produced smaller self-selected portion 
sizes of all foods in both studies. However, vegetables 
serving sizes were smaller than recommended on both 
portion control and regular plate. 
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Table S1. (Continued) 

Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Choice      
(Koh and 
Pliner, 2009a) 
(Study 4) 
 
Canada 

Mixed-methods 
randomized 
controlled trial 
(cross-over and 
parallel) 
1 day 
 

Tw-Eating Plate sizes 
x Large Plate (23.5 cm) 
x Small Plate (18.2 cm) 
x Serving bowl, non-

shared 
Serving bowl, shared 

Study the effects of 
three 
social/environmental 
variables ((friends vs. 
strangers, plate size 
(large vs. small), and 
sharing (sharing vs. 
non- sharing)) on 
eating behaviour.   
 
  

Adult-Women  
17-26 y (19.2 y) 
NW, OW, O-I, II 
Healthy 
n=57  
 

The small plate reduced served amount in the sharing 
condition, but no significant difference was detected 
(p>0.05) This effect was not found with the larger plate. 
Moreover, participants in the sharing (eating with a 
friend) self-served more food than eating with strangers 
(non-sharing condition), showing an effect of 
acquaintance (p<0.01). 
 
Small plate served amount in grams (Mean ± SD): 

x Friends no share: 551.7 ± 140.6  
x Friends share: 387.3 ± 63.6  
x Strangers no share: 411.7 ± 87.5  
x Strangers share: 319.2 ± 64.1  

(Kroeze et al., 
2018) 
 
Netherlands 

Observational 
Study  
9 months 

Non-Tw- Comp. Tools 
Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting on a 
digital dish-up for portion 
size knowledge and 
awareness) as part of a 
combined educational 
intervention consisting of 
two phases (3 and 9 
months)k (SMARTsize) 

Enhance an adequate 
portion control 
behaviour to 
decrease energy 
intake and body 
weight. 

Adult-Both sexes  
(41.8 ± 9.9) y 
OW, O-I,II 
Healthy 
n=225 

Self-reported strategies to control food portion size 
significantly improved after 3 months of intervention (p 
< 0.001) (e.g. prepare low- calorie dishes, intention to 
consume smaller portions and the use of portion control 
strategies). In addition, an improvement of self-reported 
BMI (kg/m2)  was reported from baseline to 9 months (p 
< 0.001). 
Individual counselling had no impact on outcomes.   
Almost all  participants  (90%) reported they used the 
website and were satisfied with the intervention (grade 
between 7.2 and 8.0 on a 10-point scale). 

 
 
 
 

 
 
 

    

 
k n=66 (online program, cooking lessons and other strategies during 3 months); n=159 (9 months, the same as the 3-month group but with individual counseling). 



SECTION I- Results; supplementary material 

 

 153 

Table S1. (Continued) 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Choice      
(Libotte et al., 
2014) 
 
Switzerland 

Parallel 
randomized 
controlled trial 
(fake buffet) 
1 day 

Tw-Eating Plate+Bowl 
sizes 
Dishware sizes: 
x Standard Plate (27 cm), 

bowl (14 cm), plate (16 
cm) 

x Large plate (32 cm), 
bowl (14 cm), plate (16 
cm)  

Investigate plate size 
influence on food 
choices of normal 
eaters in a self-
service setting (fake 
food buffet) 

Adult-Both sexes  
Mean: 24.5 ± 4.3 
y 
NW 
Healthy  
n=83 
 

Plate size did not have an effect on total energy of the 
meal (p>0.05). 
Large plate induced to serve significantly larger 
vegetables portion sizes (p<0.05). 
 

(Rollo et al., 
2017) 
 
Australia 
 
 
 

Three-arm 
randomized 
controlled trial  
 

Non-Tw- Comp. Tools 
x ServAR technological 

tool (Augmented reality 
educational tool to guide 
the serving of food for 
portion control (tablet). 

x Control group (no 
intervention) 

(YDOXDWH�6HUY$5¶V�
(Augmented reality 
tool to guide the 
serving of food for 
portion control 
(tablet)) usability, 
impact (accuracy) on 
estimation of 
standard food serving 
sizes and commonly 
consumed foods.  

Adult-Both sexes 
18-35 y (25.8 
(24.9 ± 26.7) 
NW, OW 
Healthy 
n= 90 
 

ServAR improved the accuracy and consistency of 
estimated portion size when compared to the other two 
groups. The app increased the number of foods for 
which the estimated amounts matched reference 
portion size and reduced error rate vs. reference. 
ServAR tool was perceived easy to use and well 
accepted.   

(van Kleef et 
al., 2012) 
 
USA 

Parallel 
randomized  
trial  
1 day 
 

Tw- Serving Dish sizes 
� Large serving bowl (6.9 

L) 
x Medium serving bowl 

(3.8 L) 

Determine the impact 
of serving bowls size 
on food serving 
behaviour and food 
intake. 

Adults-Both 
sexes 
(Undergraduate 
students) 
20.5 ± 2.4 y 
NW 
Healthy 
n=68 

Large-sized bowl diners served 77% more pasta and 
consumed 71% more when compared to the medium-
sized bowl (p< 0.05). Bowl size effect was reported on 
amount of food served was significant (p<0.01). 
Satiation levels were higher with the large-size bowl 
compared to the medium-size (p<0.01) 
Pasta served in kcal (Mean ± SD): 

x Medium-sized Bowl: 205.5 ± 69.6 
x Large-sized Bowl: 364.0 ± 139.9 
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Table S1. (Continued) 

Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Choice      
(Van Ittersum 
and Wansink, 
2013) 
 
USA 

Randomized 
cross-over trial 
4 days (school) 

Tw-Eating Bowl sizes 
x Large Bowl  (16 oz) 
x Small Bowl (12 oz) 

Examine the impact 
of extraversion on 
serving behaviour 
using two different 
bowl sizes. 
 

Children-Both 
sexes classed as 
extraverted or 
introverted 
6-12 y (8.3) 
Not Specified 
(BMI) 
Healthy 
n= 18 

Small bowl reduced self-served amount of cereal by 
44%, especially for extraverted children.  
When children served themselves, they served and 
consumed 23.2% more cereal than when an adult 
served them and seemed to be more sensitive to bowl 
size when they self-served. On the contrary, when 
adults became involved, introverted children became 
more sensitive to the size of bowl but the interaction 
between bowl size and serving person was not 
significant (p>0.05).  

(Wansink et al., 
2006) 
 
USA 

Parallel semi-
randomized 
trial  
1 day  
(professional 
social event) 
 

Tw-Eating Bowl+Spoon 
sizes 
x Small Bowl (17 oz) with 

small (2 oz) or large (3 
oz) ice-cream scoop. 

x Large Bowl (34 oz) with 
small (2 oz) or large (3 
oz) ice-cream scoop. 

Examine the impact 
of bowl and serving 
spoon size on experts  
(graduate students, 
and staff members of 
the Department of 
Food Science and 
Nutritional Science of 
a large Midwestern 
University) serving 
sizes and food intake. 

Adult-Both sexes 
(Nutrition 
experts) 
Not Specified 
(Age) 
Not Specified 
(BMI) 
n=85 

The small-sized bowl reduced 24% the self-served ice 
cream portion size. Experts who received a larger bowl 
served and ate 31 % more ice cream than those who 
received a smaller bowl (Mean; 6.25 vs. 4.77 oz.) 
(p<0.01), but they did not perceive themselves as 
having served more (p>0.05). 
When the serving spoon size was increased 50%, 
regardless of bowl size, participants served and ate 
12.7% more ice cream. 
The influence of spoon size was most notable when 
combined with a large bowl.  

PS Intake        
(Ahn et al., 
2010) 
 
Korea 
  

Randomized 
crossover trial  
3 months (at 
home) 

Tw- Eating Bowl sizes  
x Small bowl (200 mL), 

Regular bowl (380 mL)  

Evaluate the effect 
rice bowls sizes on 
total energy intake, 
carbohydrate intake, 
body weight, and 
blood glucose levels. 

Adult-Women  
20-70 y (55.1 ± 
7.1) 
NW, OW, O 
DMT2 
n=42 

The small bowl reduced total energy intake (p<0.001), 
carbohydrate intake, body weight, and blood glucose 
levels 

(Ayaz et al., 
2016) 
 
Turkey 

Randomized 
crossover trial  
3 days (buffet) 

Tw-Eating Plate sizes  
x Large plate (28 cm) 
x Medium plate (23 cm)  
Small plate (19 cm) 

Examine the effect of 
plate size on energy 
and macronutrient 
intake. 
 

Adult-Women  
19-25 y (22.93 ± 
2.83) 
NW 
Healthy  
n=37   

No effect of the smaller plate size was report on 
reducing energy or specific macronutrient intake 
(p>0.05). 
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Table S1. (Continued) 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Intake      
(Ayaz et al., 
2016) 
 
Turkey 

Randomized 
crossover trial  
3 days (buffet) 

Tw-Eating Plate sizes  
x Large plate (28 cm) 
x Medium plate (23 cm)  
x Small plate (19 cm) 

Examine the effect of 
plate size on energy 
and macronutrient 
intake. 
 

Adult-Women  
19-25 y (22.93 ± 
2.83) 
NW 
Healthy  
n=37   

No effect of the smaller plate size was report on 
reducing energy or specific macronutrient intake 
(p>0.05). 
 

(DiSantis et al., 
2013) 
 
USA 

Randomized 
cross-over trial  
8 days (school 
lunch) 

Tw-Eating Plate sizes 
x Child-VL]H�3ODWH�����´��

and bowl (8 oz.) 
x Adult-VL]H�3ODWH������´��

and bowl (16 oz.) 
diameter plate and side 
8-oz bowl.  

Evaluate the effect of 
dishware size on 
young children self-
served portion sizes 
and energy intakes at 
school lunch. 

Children-Both 
Sexes  
Age: 5-6 y 
Not Specified 
(Health Status) 
n= 42 
 

Child-size dishware reduced total meal energy intake 
when compared to adult-size dishware (50.8 kcal 
difference; p<0.001). 
Adult-size dishware promoted energy intake indirectly 
(p<0.001). It induced an increase of 0.43 kcal 
consumed for each additional kcal served.  

(Fisher et al., 
2013) 
 
USA 

2 x 2 
Randomized 
crossover trial 

Tw-Serving Spoon Size 
x Serving spoon sizes: 

tablespoon and teaspoon 
Amount of entrée available: 
275g and 550g 

Evaluate the effect of 
the amount of food 
available and spoon 
serving size. 

Children-Both 
Sexes 
Age: 4-6 y  
Not specified 
(Health Status) 
n= 60 

No effect of spoon size on food intake.  
Children who selected more of the entree tended to eat 
more of this (p<0.0001) and to consume greater energy 
at the meal (p<0.0001). 

(Koh and 
Pliner, 2009a) 
(Study 4) 
 
Canada 

Mixed-methods 
randomized 
controlled trial 
(cross-over and 
parallel) 
1 day 
 

Tw-Eating Plate sizes 
x Large Plate (23.5 cm) 
x Small Plate (18.2 cm) 
x Serving bowl, non-

shared 
x Serving bowl, shared 

Study the effects of 
three 
social/environmental 
variables ((friends vs. 
strangers, plate size 
(large vs. small), and 
sharing (sharing vs. 
non- sharing)) on 
eating behaviour.   
 
  

Adult-Women  
17-26 y (19.2 y) 
NW, OW, O-I, II 
Healthy 
n=57  
 

The small plate reduced intake amount in the sharing 
condition (p<0.05) This effect was not found with the 
larger plate. Participants in the eating with friends self-
serve more food than eating with strangers (non-
sharing condition), showing an effect of acquaintance 
(p<0.01). 
Small plate consumed amount in grams  (Mean ± SD): 

x Friends no share: 534.2 ± 145.1  
x Friends share: 387.3 ± 63.6  
x Strangers no share: 407.2 ± 89.9  
x Strangers share: 312.9 ± 68.9  

Participants ate almost all the food they have self-
served (significant correlation; p<0.001). 
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Table S1. (Continued) 

Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Intake      
�.RVƯWH�HW�DO���
2019) 
 
 UK 

Parallel 
randomized 
controlled trial  
1 day 
 

Tw-Eating Plate sizes 
x Large Plate (29 cm) 
x Small Plate (23 cm) 
 

Examine the impact 
of plate size on 
served  and 
consumed food and 
meal micro-structure 
(number of servings 
and eating 
rate).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

Adult-Both sexes  
18-60 y 
OW, O 
Healthy  
n= 134 (67 per 
group) 

No effect of plate size was reported on total energy or 
eating parameter (p>0.05). Mean difference on the total 
intake between both plates (small vs. large) was 19.2 
kcal, showing no significant difference and a very small 
size effect (d = 0.07). 
Group differences were found only in one meal 
microstructure measure; leftovers. Participants using 
larger plates left 8.6 g more of food after the meal than 
participants who used the smaller plate.   

(Mishra et al., 
2012) 
 
USA 

Parallel trials 
(field study and 
controlled lab 
setting)  
1 d 

Tw-Eating Cutlery  
x  Small fork (20% less 

capacity than regular 
fork) 

x Large fork (20% more 
capacity) 
 

Evaluate the effect of 
the amount of food 
available and fork 
size. 

Adults  
Not Specified 
(Age) 
Not Specified 
(BMI) 
Not Specified 
(Health Status) 
Lab study (n=81) 

Smaller fork increased food consumption compared to 
the larger fork when used in restaurant setting, i.e. 
more food was left on the plate with the large (average 
7.9 oz) vs. small fork (average 4.4 oz) (p<0.01). 
Opposite pattern was found in the lab where pasta 
consumption was decreased with the small fork, i.e. 
less food was left on the plate with the large (average 
4.1 oz) vs. small fork (average 5.2 oz) (p<0.05). 

(Kroeze et al., 
2018) 
 
 
Netherlands 

Observational 
Study  
9 months 

Non-Tw- Comp. Tools 
Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting on a 
digital dish-up for portion 
size knowledge and 
awareness) as part of a 
combined educational 
intervention consisting of 
two phases (3 and 9 
months) l (SMARTsize) 

Enhance an adequate 
portion control 
behaviour to 
decrease energy 
intake and body 
weight. 

Adult-Both sexes  
(41.8 ± 9.9) y 
OW, O-I,II 
Healthy 
n=225 

Self-reported strategies to control food portion size 
significantly improved after 3 months of intervention (p 
< 0.001) (e.g. prepare low- calorie dishes, intention to 
consume smaller portions and the use of portion control 
strategies). In addition, an improvement of self-reported 
BMI (kg/m2) was reported from baseline to 9 months (p 
< 0.001). 
Individual counselling had no impact on outcomes.   
Nearly 90% of the participants reported they used the 
website and were satisfied with the intervention (grade 
between 7.2 and 8.o on a 10-point scale). 

 
l n=66 (online program, cooking lessons and other strategies during 3 months); n=159 (9 months, the same as the 3-month group but with individual counseling). 
. 
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Table S1. (Continued) 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Intake      
(Kroeze et al., 
2018) 
 
 
Netherlands 

Observational 
Study  
9 months 

Non-Tw- Comp. Tools 
Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting on a 
digital dish-up for portion 
size knowledge and 
awareness) as part of a 
combined educational 
intervention consisting of 
two phases (3 and 9 
months) m (SMARTsize) 

Enhance an adequate 
portion control 
behaviour to 
decrease energy 
intake and body 
weight. 

Adult-Both sexes  
(41.8 ± 9.9) y 
OW, O-I,II 
Healthy 
n=225 

Self-reported strategies to control food portion size 
significantly improved after 3 months of intervention (p 
< 0.001) (e.g. prepare low- calorie dishes, intention to 
consume smaller portions and the use of portion control 
strategies). In addition, an improvement of self-reported 
BMI (kg/m2) was reported from baseline to 9 months (p 
< 0.001). 
Individual counselling had no impact on outcomes.   
Nearly 90% of the participants reported they used the 
website and were satisfied with the intervention (grade 
between 7.2 and 8.o on a 10-point scale). 

(Pilling et al., 
2020) 
 
UK 

Mega-analysis Wine glasses size bars: 
x Size 4 (450 ml) 
x Size 3 (370 ml) 
x Size 2 (310 ml) 
x Size 1 (250 ml) 
Wine glasses size 
restaurants: 
x Size 4 (510 ml) 
x Size 3 (450 ml) 
x Size 2 (370 ml) 
x Size 1 (250 ml) 

Provide robust 
information of the 
effect of wine glass 
size on volume of 
wine sold in bars and 
restaurants. 

Adult- Sex Not 
Specified 
Not Specified 
(Age) 
Not Specified 
(BMI) 
Not Specified 
(Health Status) 

MegaǦanalysis showed that when comparing bar sales 
of different glass sizes to the standard size (300 ml), 
only 450 ml glasses showed higher sales.  
Wine sales: 
370Ǧml glasses were 0.5% lower (95% CI = ±8.1% to 
6.1%) 
450Ǧml glasses were 1.0% higher (95% CI = ±9.1% to 
12.2%)  
510Ǧml glasses were 0.4% lower (95% CI = ±9.4 to 9.4). 
For restaurants, the effect was detected on 370 ml 
glass, increasing 7.3% vs. 300 ml glass. 
Wine sales:   
250Ǧml glasses were 9.6% lower (95% CI=±19.0 to 0.7).  
370Ǧml glasses were 7.3% higher (95% CI=1.5% to 
13.5%) 
450Ǧml glasses were 0.9% higher (95% CI=±5.5 to 7.7). 

      

 
m n=66 (online program, cooking lessons and other strategies during 3 months); n=159 (9 months, the same as the 3-month group but with individual counseling). 
. 
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Table S1. (Continued) 

Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Intake      
(Robinson et 
al., 2015) 
 
UK 

Parallel 
randomized 
controlled trial  
1 day 

Tw-Eating Bowl sizes 
x Large bowl (18 cm) 
x Small bowl (16 cm) 

Evaluate the effect of 
bowl size on snack 
food consumption 

Adult-Both sexes 
19-59 y (31.2 ± 
9.8) 
NW, OW 
Healthy 
n=61 
x Large bowl 

(n=30) 
x Small bowl 

(n=31) 

No bowl size effect size was detected on food intake, 
although the small bowl favoured higher food 
consumption when compared to the large bowl 
(p>0.05).  

(Rolls et al., 
2007)(Study 1) 
 
USA 

Randomized 
crossover trial  
3 days 

Tw-Eating Plate sizes 
x Large Plate (26 cm) 
x Medium Plate (22 cm) 
x Small Plate (17 cm) 
1 course, self-selected PS 

Examine the effect 
plate size on energy 
intake. 

Adult-Both sexes 
20-45 y 
NW, OW, O-I, II 
Healthy 
n=45  

Plate size had no significant effect on meal energy 
intake (p>0.05). 
The mean ± SD differences intake using the smallest 
and largest plates was of 21±13 g, equivalent to < 142 
kJ (34 kcal) and not significantly different from zero. 

(Rolls et al., 
2007) (Study 2) 
 
USA. 

Randomized 
crossover trial  
2 days 

Tw-Eating Plate+Spoon 
sizes 
x Large Plate (26 cm cm) 

and soup spoon (50% 
larger than the standard) 

x Medium Plate (22 cm) 
and standard spoon 

1 course, fixed PS 

Test the effect of 
plate size and eating 
utensils on both the 
perception of the 
amount of food on the 
plate and food intake  

Adult-Both sexes  
20-45 y 
NW, OW, O-I, II 
Healthy 
n= 30 

The size of the plate or spoon (p>0.05) had no impact 
on energy intake irrespective of subject characteristics. 
Mean differences in intake using the smallest and 
largest plates were of 11±13 g (mean ± SD) equivalent 
to < 142 kJ (34 kcal). 
Most (80%) participants correctly stated that the 
amount of food on both plates were the same while 
20% perceived them as different. 

(Rolls et al., 
2007) (Study 3) 
 
USA. 

Randomized 
crossover trial  
3 days 

Tw-Eating Plate sizes 
x Large Plate (26 cm) 
x Medium Plate (22 cm) 
x Small Plate (17 cm) 
Buffet, self-selected PS 

Evaluate the effect of 
plate size on food 
intake. 

Adult-Both sexes  
20-45 y 
NW, OW, O-I, II  
Healthy  
n= 44 

No plate size effect was reported on meal energy intake 
(p >0.05). Smaller plate led to a larger number of trips 
to the buffet compared to the other two plate-sizes.  
Intake mean difference ± SD when comparing the 
smaller vs. the largest plate was of 4±18 grams, (34 
kcal).  
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Table S1. (Continued) 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Intake      
(Rolls et al., 
2017) 
 
USA. 

Three-arm 
randomized 
controlled trial 
12 months 

SET 
Non-Tw- Comp. Tools 
x Pre-portioned main 

dishes daily for lunch 
and dinner (individual 
servings of main dishes, 
side dishes, snacks, 
yogurt, and whole fruits). 

x Portion Selection Tools 
set (Digital food scale; 
measuring cups and 
spoons; placemat 
illustrating appropriate 
proportions of meal 
components; Portion size 
card with common 
objects). 

x Standard advice- 
Educational sessions 
and materials (control). 

Evaluate if the use of 
portion control tools 
or pre-portioned food 
would promote more 
weight loss than 
following standard 
advice. 

Adult-Both  
sexes 
20-65 y 
OW, O-I, II 
Healthy  
N=186 (62 per 
arm) 
 

There was no impact of any intervention on body weight 
at 6 or 12 months compared to control. Pre-portioned 
foods group had a greater rate of initial weight loss but 
this effect was lost over time. 
The tool set and guidelines helped reduce dietary 
energy density. The Portion selection group was the 
only group that maintained food intake, on the contrary, 
food intake decreased by 11% on the other two groups 
(interaction p<0.01). 
Adherence general indicators were not significantly 
different across groups. 
Satisfaction ratings with diet differed across the groups. 
Pre-portioned Foods Group reported spending less time 
and effort on meals and feeling more self-conscious 
and deprived when eating. The other two groups did not 
report any change over time on diet satisfaction. 
 

(Shah et al., 
2011) 
 
USA 

Parallel 
randomized 
controlled trial  
2 days 
 

Tw-Eating Plate sizes 
x Small plate (22 cm) 
x Large plate (27 cm) 

Examine the effect of 
plate size on energy 
intake in women with 
overweight/obesity 
and normal weight.  

Adult-Women  
45 ± 14.6 y 
NW, OW, O-I,II 
Healthy  
n= 20 

No plate size effect was detected, regardless of weight 
status, on the amount of energy consumed, taste of the 
menu, satiety or subjective appetite (p>0.05).  
 
Energy intake normal weight in kJ (Mean ± SD): 

x Small plate: 1356 ± 515 
x Large plate: 1365 ± 393 

 
Energy intake overweight in kJ (Mean ± SD): 

x Small plate: 1314 ± 632 
x Large plate: 1226 ± 431 
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Table S1. (Continued) 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Intake      
(Shimpo and 
Akamatsu, 
2018) 
 
Japan 

Randomized 
crossover trial  
1 day  

Bowl Size 
x Large Bowl (13.5 cm) 
x Small Bowl (11.5 cm) 
Rice Portion Size 
x Small portion size (150 

g) 
x Large rice portion size 

(250 g) 

Evaluate the effect of 
portion size and bowl 
size.  

Adult 
20-60 y () 
NW 
Healthy 
n=21 

Portion size showed a significant effect on rice 
consumption. Larger portion size promoted higher rice 
intake than the exposure to small rice portion size 
(p<0.001). No interaction of bowl size was detected 
(p>0.05). 

(Vakili et al., 
2019) 
 
Iran 
 
 
 
 

Parallel 
randomized 
controlled trial  
2 days 
 

Tw-Eating Plate+Spoon 
sizes 
Ceramic/glass tableware: 
� Large plate, spoon and 

fork (25 cm; 15 ml); glass 
120 ml 

� Small plate, spoon and 
fork (19.5 cm; 5 mL); 
glass 120 ml 

Study the effect of 
plate, spoon and fork 
size on meal intake of 
participants with 
overweight. 

Adult-Both sexes 
(Clerical staff of 
the university) 
19-50 y (39 ± 
6.98) 
OW, O-I,II 
Healthy  
n=40 
 

The small tableware reduced rice consumption, but no 
effect was found on total energy intake. 
 
The only food for which significant differences were 
detected when comparing small v. large utensils was 
the rice intake with large utensil set (p<0.05). 
Consumed Rice in grams (Mean ± SD): 

x Small utensils: 206.8 ± 71.1 
x Large utensils: 235.4 ± 86.3 

 
Grain products consumption but no other meal 
component changed with changing in dishware size 
with no effect on total energy intake.  

(van Kleef et 
al., 2012) 
 
USA 

Parallel 
randomized  
trial  
1 day  

Tw- Serving Dish sizes 
� Large serving bowl (6.9 

L) 
� Medium serving bowl 

(3.8 L) 

Determine the impact 
of serving bowls size 
on food serving 
behaviour and food 
intake. 

Adults-Both 
sexes 
(Undergraduate 
students) 
20.5 ± 2.4 y 
NW 
Healthy 
n=68 

Large-sized bowl diners served 77% more pasta and 
consumed 71% more when compared to the medium-
sized bowl (p< 0.05).  
Satiation levels were higher with the large-size bowl 
compared to the medium-size (p<0.01) 
 
Pasta consumed in Kcal (Mean ± SD): 

x Medium-sized Bowl: 176.7 ± 72.8 
x Large-sized Bowl: 301.3 ± 129.6  
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Table S1. (Continued) 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Intake      
(Venema et al., 
2020) 
 
Netherlands 

Mixed-methods 
randomized 
trial (Crossover 
for spoon size 
and parallel for 
habit context 
condition)  
2 days 

Tw- Serving Spoon sizes 
x Large spoon (5ml)  
x Small spoon (2.5 ml)  

 
Both spoon size with either 
habit context disruption 
(cold tea) or habit context 
preservation (hot tea). 
 

Evaluate the effect of 
spoon size and habit 
disruption context on 
sugar added to tea.    

Adults-Both 
sexes 
21.42 ± 4.09 y 
Not Specified 
(BMI) 
Healthy  
n=123 
 

Participants consumed less sugar added to the tea 
(27%) with the small-size spoon (p<0.001).   
This effect was reduced in people who had a stronger 
habit of adding a fixed amount of sugar to the tea. 
No significant effect was found either on temperature 
condition or habit strength.  
 
Added sugar in grams (Mean ± SD): 

x Normal-sized spoon: 5.13 ± 4.81 
x Small-sized spoon: 3.50 ± 2.64 

(Wansink and 
van Ittersum, 
2013)(Study 2) 
 
USA 
 

Observational 
Study  
1 day (Chinese 
restaurant-
buffet) 

Tw-Eating Plate sizes 
x Smaller plate (25 cm)  
x Larger plate (29 cm) 
 

Examine if portion 
norms influence 
serving sizes and 
consumption in a 
natural eating 
environment (Chinese 
restaurant). 

Adult-Both sexes  
18-80 y (40.7) 
OW 
Not specified 
(Health Status) 
n=43  
 

When eating with the larger plate, diners served 45% 
more than total food those who used the small plate 
(1,216.9 vs. 800.5 cm2; p<0.01). 
Participants that received smaller plates reduced total 
energy intake by 31% and leftovers by 42%. The effect 
could be partly influenced by baseline hungers levels. 

(Wansink et al., 
2006) 
 
USA 

Parallel semi-
randomized 
trial  
1 day  
(professional 
celebration) 
 

Tw-Eating Bowl+Spoon 
sizes 
x Small Bowl (17 oz) with 

small (2 oz) or large (3 
oz) ice-cream scoop. 

x Large Bowl (34 oz) with 
small (2 oz) or large (3 
oz) ice-cream scoop. 

Examine whether the 
size of a bowl or 
serving spoon 
unknowingly biases 
how much a 
person/expert 
(graduate students, 
and staff members of 
the Department of 
Food Science and 
Nutritional Science of 
a large Midwestern 
University) attending 
a social event  

Adult-Both sexes 
(Nutrition 
experts) 
Not Specified 
(Age) 
Not Specified 
(BMI) 
Not Specified 
(Health Status) 
 
n=85 
 

The experts who received a larger bowl served and ate 
31.0% more ice cream than those who received a 
smaller bowl (6.25 vs. 4.77 oz.) (p<0.01).  
When the serving spoon size was increased 50%, 
regardless of bowl size; participants served and ate 
12.7% more ice cream. 
The influence of spoon size was most notable when 
combined with a large bowl.  
Although smaller spoons increased the number of 
tablespoons, consumption amount did not increase. 
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Table S1. (Continued) 

Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

PS Intake      
(Wansink et al., 
2014b) (Study 
1) 
 
USA 

Parallel 
randomized 
controlled trial  
1 day (schools)  

Tw-Eating Bowl sizes 
x Small bowl (8 oz) 
x Large bowl (16 oz)  
 

Investigate the effect 
of bowl size on 
children food request 
and serving sizes.  

Children-Both 
sexes  
4.1± 0.65 y 
OW 
Healthy 
n=69 

Small bowl reduced the amount of cereal requested by 
children (served by adults) by 47% compared to the 
large bowl (p<0.001).  
Cereal serving sizes (small bowl vs. large bowl) (Mean 
± SD) : 24.7±14.9 grams  vs. 46.1±15.1 grams. 

(Wansink et al., 
2014b) (Study 
2) 
 
USA 

Randomized 
crossover trial  
2 days 
(summer 
camp) 

Tw-Eating Bowl sizes 
x Small bowl  (8 oz) 
x Large bowl (16 oz)  
 

Investigate the effect 
of bowl size on 
children serving size 
and food intake.  . 

Children-Both 
sexes (low-
income families) 
6-12 y 
Healthy 
Low SES 
n=18 

The small bowl reduced cereal and milk amount self-
selected (served by adults) by 41% compared to the 
large bowl (average 207.1 grams vs. 349.9 grams; 
p<0.01). The effect was maintained after subtracting 
leftovers.  
 

(Yip et al., 
2013) 
 
New Zealand 

Randomized 
crossover trial  
2 days  
 

Tw-Eating Plate sizes 
x Small plate (20 cm)  
x Large plate (27 cm) 

Test the effect of 
plate size on energy 
intake.   

Adult-Women  
20-51 y 
OW, O-I,II 
Healthy 
n=20 

No plate size effect was reported in either total energy 
or macronutrient consumption (buffet with attractive 
foods) (p>0.05). 
Mean intake ± SEM when participants used the smaller 
plate was:  3975 ± 239  kJ (range 2113-5674 kJ) 
Mean intake ± SEM when participants used the larger 
plate was:  3901 ± 249 (range 1748-6284 kJ) 

Weight Status  
(Ahn et al., 
2010) 
 
Korea 
  

Randomized 
crossover trial  
3 months (at 
home) 

Tw- Eating Bowl sizes  
Small bowl (200 mL), 
Regular bowl (380 mL)  

Evaluate the effect 
rice bowls sizes on 
total energy intake, 
carbohydrate intake, 
body weight, and 
blood glucose levels. 

Adult-Women  
20-70 y (55.1 ± 
7.1) 
NW, OW, O 
DMT2 
n=42 

Both groups reported significant reductions on body 
weight after 12 weeks. No significant differences were 
found among groups. 
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Table S1. (Continued) 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

Weight Status      
(Ho et al., 
2016) 
 
Canada 

Parallel 
randomized 
controlled trial 
6 months 
(families) 

Tw-Eating Calib. 
Plate+Bowl 
x Calibrated Tableware 

(Diet Plate- plate and 
bowl) + nutritional 
counselling (FOCUS 
intervention) 

Control: Standard care 
nutritional counselling 

Effect of a family 
intervention using a 
portion control tool on 
BMI z score in 
children with 
overweight and 
obesity. 
 

Children-Both 
sexes  
Age: 8-16 y (11 
± 2.2) 
O 
Healthy 
n= 99  
x Intervention 

(n=51) 
Control (n=48) 

No effect of the tableware was found on BMI z-score. 
Reduction in BMI z-score between baseline and 6 
months was reported in both groups, but no effect of 
tableware was found.  

(Huber et al., 
2015) 
 
USA 

Parallel 
randomized 
controlled trial  
6 months 
(Mayo Clinic) 

Tw-Eating Calib. Plate 
x Calibrated tableware 

(transparent glass with 
guidelines and text- plate 
and bowl) and tele-
coaching. 

Usual care  

Evaluate the impact 
of tele-coaching 
combined with a 
portion control plate 
on weight loss, BMI 
and waist 
circumference of 
patients with obesity.   
 

Adult-Both sexes  
18-70 years old 
O-I, II 
Healthy 
x Intervention 

(n=45) 
Control (n=45) 

The combined use of tele-coaching and calibrated 
tableware showed significant reductions on body 
weight, BMI, and hip-waist ratio. These differences 
depend upon sex. Intervention reduced women body 
weight and BMI at 3 months (both p<0.05). The effect 
did not persist at 6 months.  
A reduction in the hip-waist ratio was only detected in 
men at 3 months (p<0.05).  

(Jayawardena 
et al., 2019) 
 
Sri Lanka 
 

Parallel 
Randomized 
controlled trial  
3 months 

Tw-Eating Calib. Plate 
x Calibrated plate (printed 
LQGLFDWRUV�������´��
divided into 5 segments 
(rice, PRO and 3 types of 
vegetables) 

Standard cardiac 
rehabilitation (no plate). 

Evaluate the 
effectiveness of a 
plate model as part 
on dietary 
modification of cardio 
metabolic risk factors 
in overweight patients 
with MI (myocardial 
infraction) history. 

Adult-Both sexes 
20-70 y (50.5± 
10.6) 
NW, OW, O-I 
Acute coronary 
syndrome 
n=79  
x Intervention 

(n=40) 
Control (n=39) 

Calibrated plate reduced BMI at 3 months of 
intervention compared with the control condition 
(p<0.05). 
 
Weight loss in kg (Mean ± SD) 

x Intervention: -1.27 ± 3.58 kg 
x Standard care: -0.26 ± 2.42 kg 

Weight loss was significantly higher in patients with 
overweight and obesity than those with normal weight 
(p<0.05). 
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Table S1. (Continued) 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

Weight Status      
(Kesman et al., 
2011) 
 
 USA 

Parallel 
randomized 
controlled trial 
6 months 
(Mayo Clinic) 

Tw-Eating Calib. 
Plate+Bowl 
x Calibrated tableware 

(transparent glass with 
guidelines and text- plate 
and bowl) and dietary 
counselling. 

Usual care  

Evaluate the 
effectiveness of 
portion control 
intervention (dietary 
counselling and 
portion control plate) 
to promote weight 
loss on patients with 
obesity, when 
compared to  usual 
care. 

Adult-Both sexes  
18-75 y (55.9 ± 
10.0) 
O-II, O-III 
Healthy 
x Intervention 

(n=33) 
x Control (n=32) 
 

Intervention including the calibrated plate induced 
greater weight loss compared to the conventional 
treatment at 3 months (p<0.05). This effect did not 
persist at 6 months.  
 
Weight loss percentage (Mean ± SD) 

x Intervention: -2.4 ± 3.7% 
x Usual care: -0.5 ± 2.2 % 

Almost 50% of  participants perceived that the 
intervention was helpful and 42% would continue using 
the portion control plate after the study .  Thirty-two 
percent reported that they used the plate for one meal 
per day; 37% for two meals and 26% for three meals 
per day. 

(Kroeze et al., 
2018) 
 
Netherlands 

Observational 
Study  
9 months 

Non-Tw- Comp. Tools 
Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting of a 
digital dish-up for portion 
size knowledge and 
awareness) as part of a 
combined educational 
intervention consisting of 
two phases (3 and 9 
monthsn) (SMARTsize) 

Enhance an adequate 
portion control 
behaviour to 
decrease energy 
intake and body 
weight. 

Adult-Both sexes  
(41.8 ± 9.9) y 
OW, O-I,II 
Healthy 
n=225 

An improvement of self-reported BMI was reported from 
baseline to 9 months (p < 0.001). 
Individual counselling had no impact on outcomes.   
Nearly 90% of the participants reported they used the 
website and were satisfied with the intervention (grade 
between 7.2 and 8.o on a 10-point scale). 

      

 
n n=66 (online program, cooking lessons and other strategies during 3 months); n=159 (9 months, the same as the 3-month group but with individual counseling). 
. 
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Table S1. (Continued) 
Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

Weight Status      
(Pedersen, 
2007) 
 
 Canada 

Parallel 
randomized 
controlled trial  
6 months 
(Private clinic) 
 

Tw-Eating Calib. 
Plate+Bowl 
x Calibrated tableware 

(plate and bowl) with 
demarcations and 
illustrations (The Diet 
Plate); dietary 
assessment and book. 

Usual care 

Determine the 
efficacy of a portion 
control plate to induce 
weight-loss on 
patients with obesity 
and type 2DM. 
 

Adult- Both 
sexes 
37-77 y 
O-I,II 
DM2  
n= 130 
x Intervention 

(n=65) 
x Control (n=65) 

The calibrated tableware significantly improved 
cholesterol (p<0.05) and blood pressure levels 
(p<0.001), reduced the use of hypoglycaemic 
medication (p<0.05) and facilitated weight loss (p<0.01) 
(at least 5% weight loss) when compared to the usual 
care.  
  
 

(Poelman et 
al., 2015) 
 
Netherlands 

Parallel 
randomized 
controlled trial 
12 months 

Non-Tw- Comp. Tools 
Web based 
PortionSize@warenessToo
l (educational on-line 
program consisting on a 
digital dish-up for portion 
size  knowledge and 
awareness) as part of a 
combined educational 
intervention 
(PortionControl@HOME) 
Control group: wait-list 
control group 

Evaluate the effect of 
using an interactive 
web-based multi-
component 
educational tool on 
body mass index and 
control behaviour. 

Adult-Both sexes  
18-60 y (45.65 ±  
9.20)  
OW, O 
Healthy  
n=278  
x Intervention 

(n=139) 
x Control 

(n=139) 
 

Mean BMI decreased in both groups between baseline 
and 3 months. These differences were not maintained 
at 6 and 12 months but mean body mass index 
remained below the baseline values. 
Almost all participants (90%) logged on to the website. 
Different adherence levels were reported for each 
intervention items (cooking classes, read educational 
book, filled-out the Home-Screener completely, etc.) 
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Table S1. (Continued) 

Authors and 
country 

Study design 
and duration  

Tool type and description Study Aim Sample 
description 

Main Results 

Weight Status      
(Rolls et al., 
2017) 
 
USA. 

Three-arm 
randomized 
controlled trial 
12 months 

SET 
Non-Tw- Comp. Tools 
x Pre-portioned main 

dishes daily for lunch 
and dinner (individual 
servings of main dishes, 
side dishes, snacks, 
yogurt, and whole fruits). 

x Portion Selection Tools 
set (Digital food scale; 
measuring cups and 
spoons; placemat 
illustrating appropriate 
proportions of meal 
components; Portion size 
card with common 
objects). 

Standard advice - 
Educational sessions and 
materials (control). 

Evaluate if the use of 
portion control tools 
or pre-portioned food 
would promote more 
weight loss than 
following standard 
advice. 

Adult-Both  
sexes 
20-65 y 
OW, O-I, II 
Healthy  
N=186 (62 per 
arm) 
 

There was no impact of any intervention on body weight 
at 6 or 12 months compared to control. Pre-portioned 
foods group had a greater rate of initial weight loss but 
this effect was lost over time. 
General indicators for adherence were not significantly 
different across groups. 
Pre-portioned Foods Group reported spending less time 
and effort on meals and feeling more self-conscious 
and deprived when eating. The other two groups did not 
report any change over time on diet satisfaction. 
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Table S2 published by Vargas-Alvarez et al. (2021). ROB -Risk of bias analysis (adapted from Cochrane guidelines (Higgins et al., 2019)o).  
Abbreviations: ITT, intention-to-treat (every randomized subject was included in the analyses - completers and non-completers). WS, within-

subjects or cross-over design (repeated measures). 

 
 
Authors 
 

Primary 
research 
question 

Comparabilit
y between 
intervention 
& comparator 

Participants 
awareness of 
study 
purpose 

WS designs, 
consideration 
of order 
effects 

WS designs, 
consideration 
for carryover 
effects 

ITT 
analysis 

Drop-out Incomplete 
outcome 
reporting 

Comments 

Ahn et al., 2010 Low High High N/A N/A Low Low Low  
Almiron-Roig et 
al., 2016; 2019 

Low High High N/A N/A High High Low Participants had 
different degrees of 
weight loss experience 

Ayaz et al., 2016 Low Low Low Low Low Low Low Low  

Brown et al., 
2019 

Unclear High High N/A N/A High Unclear Low  

Di Santis et al., 
2013 

Low Low Low Low Low Low Low Low  

Fisher et al., 
2013 

Low Low Low Low Low High High Low  

Ho et al., 2016 Low High High N/A N/A Low High Low  
Huber et al., 
2015 

Low High High N/A N/A High Low Low  

Hughes et al., 
2017 

Low Low High Low Low Unclear Unclear Low n not reported in 
results 

Jayawardena et 
al., 2019 

Low Low High N/A N/A High High Low  

Kesman et al., 
2011 

Low High High N/A N/A Low High High  

Koh and Pliner 
2009 (Study 4) 

Low High Low N/A N/A Low Low Low Friends vs. 
Strangers and 
sharing vs. Not 
sharing conditions 

 
o Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Cochrane Handbook for Systematic Reviews of Interventions Version 6.0 [updated July 2019]. London: 
The Cochrane Collaboration; 2019. 
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Table S2. (Continued) 

 
Authors 
 

Primary 
research 
question 

Comparabilit
y between 
intervention 
& comparator 

Participants 
awareness of 
study 
purpose 

WS designs, 
consideration 
of order 
effects 

WS designs, 
consideration 
for carryover 
effects 

ITT 
analysis 

Drop-out Incomplete 
outcome 
reporting 

Comments 

Kosite et al., 
2019 

Low High Low N/A N/A Unclear Low Low Participants were 
filmed while eating 
 

Kroeze et al., 
2018 

Low High High overt int N/A N/A High High Low  

Libotte et al., 
2014 

Low High High N/A N/A Low Low Low Imitation food used 

Mishra et al., 
2012 
(Restaurant 
study) 

Low High Low N/A N/A Unclear Unclear High n not reported in 
results 

Mishra et al., 
2012 (Laboratory 
study) 

Low Low High N/A N/A Unclear Unclear High Study described as  
³IRRG�FRQVXPSWLRQ�
VWXG\´��&RYDULDWHV�
not analysed 

Pedersen et al., 
2007 

Low High High N/A N/A Low Low Low  

Poelman et al., 
2013 

Unclear Low High N/A N/A High Unclear Low  

Poelman et al., 
2015 

Low High High 
 

N/A N/A Low High Low  

Pilling et al., 
2020 

Low High Low N/A N/A N/A 
(sales 
data) 

N/A (sales 
data) 

Low Wide range of 
restaurants and 
bars 

Riley et al., 2007 Low Low High N/A N/A Unclear Unclear Low  

Robinson et al., 
2015 

Low Low Low N/A N/A High Low Low Data for 2 subjects 
not analysed 

Rollo et al., 2017 Low Low** Low N/A N/A High Low Low Overall unclear 

Rolls et al., 2007 
(Study 1) 

Low Low Low Low Low High Low Low  

Rolls et al., 2007 
(Study 2) 

Low Low Low Unclear Low Low Low Low Low  
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Table S2. (Continued) 

 
Authors 
 

Primary 
research 
question 

Comparabilit
y between 
intervention 
& comparator 

Participants 
awareness of 
study 
purpose 

WS designs, 
consideration 
of order 
effects 

WS designs, 
consideration 
for carryover 
effects 

ITT 
analysis 

Drop-out Incomplete 
outcome 
reporting 

Comments 

Rolls et al., 2007 
(Study 3) 

Low Low High Low Low Low Low Low  

Rolls et al., 2017 Low Low Unclear N/A N/A Low Low Low  
Shah et al., 2011 Low Low Low Low Low Low Low Low  
Shimpo & 
Akamatsu 2018 

Low High Low Low Low Unclear Unclear Low 50% of subjects 
rated rice PS as 
larger than usual 
but still cleaned 
plate 

Vakili et al., 2019 Low Low Unclear Low Low Unclear Low Low  
Van Ittersum and 
Wansink 2013 

High High Low N/A N/A Unclear Unclear Low Primary research 
question not clear 

Van Kleef et al., 
2017 

Low High Low N/A N/A Low Low Low Participants ate with 
3 more people 

Venema et al., 
2020 

Unclear Unclear Unclear Unclear Unclear High Unclear Unclear Study 
design/methodology 
not clear 

Wansink et al., 
2006 

Low High Low N/A N/A N/A N/A Low  

Wansink and 
Van Ittersum 
2013 (Study 2) 

Low High Low N/A N/A N/A N/A Low 5HVHDUFK�PDGH�³DG�
KRF´�ZLWK�SHRSOH�
happening to be 

Wansink and 
Van Ittersum 
2013 (Study 3) 

Low High Low N/A N/A N/A N/A Low  

Wansink et al., 
2014 (Study 1) 

Low High Low N/A N/A N/A Low Low  

Wansink et al., 
2014 (Study 2) 

Low High Low N/A N/A N/A Low Low  

Yip et al., 2013 Low Low High Low Low Unclear Low Low  
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Figure S1. Sensitivity analysis for studies examining the impact of portion control tools on portion size 

choice excluding data from Fisher et al. (2013)p. 
Forest plot for the analysis of all comparisons examining the effects of portion control tools on portion size choice (served 

amount) using random-effects meta-analysis. Contributing comparisons are represented by a filled square with horizontal lines, 

where the area of the square depicts the contribution of the study to the full analysis, and the horizontal lines indicate the 95% 

CIs for each study. Studies displaced to the left of a 0 line demonstrate a finding in favour of the portion control tool to reduce 

serving sizes, whereas those to the right demonstrate a finding in favour of the portion control tool promoting an increase on 

served amounts when compared with the control condition. The diamond at the base of the plot represents the combined effect 

(Standardized Mean Difference) with 95% CIs. 

 

 

 

 

 

 

 

 

 
p )LVKHU�-2��%LUFK�//��=KDQJ�-��*UXVDN�0$��+XJKHV�62��([WHUQDO�LQIOXHQFHV�RQ�FKLOGUHQ¶V�VHOI-served portions at meals. Int J 
Obes. 2013;37(7):954±60. 



SECTION I- Results; supplementary material 

 

 171 

 

Figure S2. Impact of portion control tools on portion size intake by study purpose awareness. 
Forest plot for the analysis of all comparisons examining the effects of portion control tools on portion size intake (consumed 

amount) by study purpose awareness using a random-effects meta-analysis. Contributing comparisons are represented by a 

filled square with horizontal lines, where the area of the square depicts the contribution of the study to the full analysis, and the 

horizontal lines indicate the 95% CIs for each study. Studies displaced to the left of a 0 line demonstrate a finding in favour of 

the portion control tool to reduce food intake, whereas those to the right demonstrate a finding in favour of the portion control 

tool to increase consumed amounts when compared with the control condition. The diamond at the base of the plot represents 

the combined effect (Standardized Mean Difference) with 95% CIs. 
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Figure S3. Sensitivity analysis for studies examining the impact of portion control tools on portion size 

intake by purpose awareness excluding data from Wansink et al. (2006)q. 
Forest plot for the analysis of all comparisons examining the effects of portion control tools on portion size intake (consumed 

amount) by study purpose awareness using a random-effects meta-analysis. Contributing comparisons are represented by a 

filled square with horizontal lines, where the area of the square depicts the contribution of the study to the full analysis, and the 

horizontal lines indicate the 95% CIs for each study. Studies displaced to the left of a 0 line demonstrate a finding in favour of 

the portion control tool to reduce food intake, whereas those to the right demonstrate a finding in favour of the portion control 

tool to increase consumed amounts when compared with the control condition. The diamond at the base of the plot represents 

the combined effect (Standardized Mean Difference) with 95% CIs. 

 
q Wansink B, van Ittersum K, Painter JE. Ice cream illusions bowls, spoons, and self-served portion sizes. Am J Prev Med. 
2006;31(3):240±3. 
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Figure S4. Impact of portion control tools on portion size intake by strategy (e.g. portion tool alone vs. 

portion tool plus dietetic counselling). 
Forest plot for the analysis of all comparisons examining the effects of portion control tools on portion size intake (consumed 

amount) by strategy using a random-effects meta-analysis. Contributing comparisons are represented by a filled square with 

horizontal lines, where the area of the square depicts the contribution of the study to the full analysis, and the horizontal lines 

indicate the 95% CIs for each study. Studies displaced to the left of a 0 line demonstrate a finding in favour of the portion control 

tool to reduce food intake, whereas those to the right demonstrate a finding in favour of the portion control tool to increase 

consumed amounts when compared with the control condition. The diamond at the base of the plot represents the combined 

effect (Standardized Mean Difference) with 95% CIs. 
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Figure S5. Sensitivity analysis for studies examining the impact of portion control tools on portion size 

intake by strategy excluding data from Wansink et al. (2006)r.  
Forest plot for the analysis of all comparisons examining the effects of portion control tools on portion size intake (consumed 

amount) by strategy using a random-effects meta-analysis. Contributing comparisons are represented by a filled square with 

horizontal lines, where the area of the square depicts the contribution of the study to the full analysis, and the horizontal lines 

indicate the 95% CIs for each study. Studies displaced to the left of a 0 line demonstrate a finding in favour of the portion control 

tool to reduce food intake, whereas those to the right demonstrate a finding in favour of the portion control tool to increase 

consumed amounts when compared with the control condition. The diamond at the base of the plot represents the combined 

effect (Standardized Mean Difference) with 95% CIs. 

 

 
r Wansink B, van Ittersum K, Painter JE. Ice cream illusions bowls, spoons, and self-served portion sizes. Am J Prev Med. 
2006;31(3):240±3. 



SECTION I- Results; supplementary material 

 

 175 

 

Figure S6.  Sensitivity analysis for studies examining the impact of portion control tools on portion size 

intake by tool type using the large rice portion size in Shimpo & Akamatsu (2018)s i.e. 250 g. 
Forest plot for the analysis of all comparisons examining the effects of portion control tools on portion size intake (consumed 

amount) by tool type a random-effects meta-analysis. Contributing comparisons are represented by a filled square with horizontal 

lines, where the area of the square depicts the contribution of the study to the full analysis, and the horizontal lines indicate the 

95% CIs for each study. Studies displaced to the left of a 0 line demonstrate a finding in favour of the portion control tool to 

reduce food intake, whereas those to the right demonstrate a finding in favour of the portion control tool to increase consumed 

amounts when compared with the control condition. The diamond at the base of the plot represents the combined effect 

(Standardized Mean Difference) with 95% CIs. 

 
s Shimpo M, Akamatsu R. The effects of bowl size and portion size on food intake and fullness ratings in a sample of Japanese 
men. Public Health Nutr. 2018;21(17):3216±22. 
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Figure S7. Impact of portion control tools on weight status by study duration (3 months outcome). 
Forest plot for the analysis of all comparisons examining the effects of portion control tools on weight status (weight loss or BMI 

change) at 3 months random-effects meta-analysis. Contributing comparisons are represented by a filled square with horizontal 

lines, where the area of the square depicts the contribution of the study to the full analysis, and the horizontal lines indicate the 

95% CIs for each study. Studies displaced to the left of a 0 line demonstrate a finding in favour of the portion control tool helping 

to reduce body weight, whereas those to the right demonstrate a finding in favour of the tool to promote a higher BMI or weight 

gain, when compared with the control condition. The diamond at the base of the plot represents the combined effect 

(Standardized Mean Difference) with 95% CIs. 
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Figure S8. Impact of portion control tools on weight status by study duration (6 months outcome). 
Forest plot for the analysis of all comparisons examining the effects of portion control tools on weight status (weight loss or BMI 

change) at 6 months or after random-effects meta-analysis. Contributing comparisons are represented by a filled square with 

horizontal lines, where the area of the square depicts the contribution of the study to the full analysis, and the horizontal lines 

indicate the 95% CIs for each study. Studies displaced to the left of a 0 line demonstrate a finding in favour of the portion control 

tool helping to reduce body weight, whereas those to the right demonstrate a finding in favour of the tool to promote a higher 

BMI or weight gain, when compared with the control condition. The diamond at the base of the plot represents the combined 

effect (Standardized Mean Difference) with 95% CIs. 

 
Figure S9. Funnel plots for studies exploring weight status using random-effects (left) and fixed-effects 

(right) meta-analysis. The number of studies included for each plot is of n=9. 
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Subjects 

A total of 76 volunteers (65 women and 11 men) were recruited of which 63 women and 10 men 

completed both lunch sessions (three subjects could not complete the second session due to personal 

reasons and closure of facilities due to the pandemic lockdown). Amongst the 65 women, 31 were 

lean/normal-weight and 34 had overweight or obesity. All the 11 men were lean. Subjects had a mean 

(±SD) age of 41.3 ± 12.3 years, with body mass index (BMI) of 26.0 ± 4.0 kg/m2. Thirty-one of the 65 

women provided blood samples. Thirty-seven subjects used the calibrated plate first and 39 used the 

control plate first. EAT-26 and TFEQ scores confirmed no presence of eating disorders.  

 

Universal Eating Monitor (UEM) performance 

Of the 76 volunteers, 3 failed to attend the second visit, resulting in 149 recovered UEM outputs by the 

end of the trial (130 valid ones). Of the 130 valid outputs, 63 corresponded to the calibrated plate and 67 

to the control plate (66 for visit 1 and 64 for visit 2). Twelve outputs of the original 149 did not contain 

valid data due to a technical problem with the SIPM software (8% failure rate). Another 6 outputs had to 

be excluded because the volunteer did not follow the protocol (on 4 occasions the volunteer either 

touched the plate or sat with their legs pressed against the table creating a negative pressure on the 

balance; and on 2 occasions they ate in a rush). Finally, the investigator inadvertently set  the balance to 

zero at the incorrect time on 1 occasion resulting in additional invalid output. Taken together, the rate of 

non-usable UEM outputs amounted to 13% (19/149). Occasionally, participants unconsciously applied 

slight pressure on the table however this was not sufficiently strong to invalidate the UEM measures (it 

did not affect the weight recordings).  

 

Memory reconstruction test performance 

A total of 148 outputs were recovered (76 from visit 1 and 72 from visit 2). There were four invalid outputs, 

two at each visit, due to protocol deviations (wrong interval time applied between the meal and the test); 

and four missing outputs in visit 2 due to participants failing to attend the session (n=3) and to an 

interrupted session (n=1). The portion-size memory assessment showed 99% efficiency across the 76 

participants (i.e. there was only 1 software failure across 148 collected outputs). No participants reported 

any difficulty in using or understanding the task. A preliminary (interim) analysis across the first 20 

volunteers showed good memory recall for all foods but significant differences were detected between 

recalled and consumed portion sizes for meatballs for both plates and for rice for the control plate using 

unadjusted paired samples t-tests/Wilcoxon tests (p<0.05) (Figure 27). These within-subjects differences 

disappeared in the final dataset including all 76 subjects, when analysed using mixed effects linear 
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regression (data not shown). No significant differences were detected between plate conditions for any 

foods in the initial (n=20) or the final analyses (n=76; p>0.05 for all comparisons).  

 

  
Figure 27. Results from the memory reconstruction task for the first 20 subjects completing the study. 

Bars depict the comparison of eaten vs. recalled portion sizes after using each plate. Data are means ± 

SEM. (a) Calibrated plate. (b) Control plate. 

 

Feasibility of blood extraction protocol  

Overall, the integration of the blood extraction protocol with the other measurements proved feasible, 

however, it required meticulous time keeping and good coordination by team members as processing of 

blood samples for ghrelin analyses requires the addition of a protease inhibitor immediately after drawing 

each sample (therefore requiring at least 2 investigators at that point in time). Blood samples could be 

recovered from all 31 women for both visits, except for two participants who attended only the first visit. 

 

Time required for blood extractions while participants were eating 

 Within the first 20 minutes of the meal, 100 extractions were taken from 31 volunteers (58 extractions at 

5 min and 42 at 10 min). There were no extractions that coincided with eating beyond the 20 min. The 

PHDQ���6'�WLPH�UHTXLUHG�IRU�WKH�QXUVH�WR�SHUIRUP�WKH��¶�DQG�WKH���¶�H[WUDFWLRQV�WRJHWKHU�ZDV�RI����������

sec (calibrated plate 144 ± 56 sec, n=29; control plate 188 ± 98 sec; n=31 participants). These periods 

represent on average 27% of the total mealtime (24% and 30% for the calibrated and control plate, 

respectively). To avoid erroneous calculations in UEM and gaze movement parameters, these periods of 

time were excluded from the respective meal micro-structure and gaze analyses.  

 



SECTION II- Results 

 183 

Compliance with blood extraction target times 

A total of 295 blood samples were drawn from the 31 participants across the 2 sessions, covering 6 

extraction times: at 0 min (fasting), and then at 5, 10, 30, 60 and 90 min after finishing the meal. The 

mean (± SD) time difference between the target and actual extraction time was -13.0 ± 54.4 seconds. 

This indicates that on average, blood draws were taken 13 seconds later than the stipulated time across 

the 6 extraction times although with some variability. By plate condition, the differences were of similar 

magnitude and not statistically significant (p=0.67) (Table 10).  

 

Table 10. Mean ± SD and 95% confidence interval (C.I.) for the differences between target and actual 

extraction times (in seconds), for extractions carried out in 31 volunteers at 5, 10, 30, 60 and 90 min after 

starting the meal. 

 Mean ± SD (sec) 95% C.I. 

Both plates (n=295 measures) -13.0 ± 54.5 (-6.8 to -19.2) 

Calibrated plate (n=140 measures) -9.4 ± 46.8 (-1.7 to -17.2) 

Control plate (n=155 measures) -16.3 ± 55.2 (-7.6 to -24.9) 

  

Much of the deviation was driven by a few measures representing around 6% of the total samples. Thus, 

there were 8 samples (2.7%) taken between 180-300 sec later than the target time; and 10 samples 

(3.4%) taken between 120-180 sec later. The main reasons for time deviations were the obstruction and 

displacement of the intravenous cannula due to natural movement of the participant's arm during the 

meal. The remaining 277 samples (94%) were taken less than 2 min from the stipulated time, with 75% 

of the total (220 samples) taken less than 1 min away from the target (Figure 28).  
 

Calibrated Plate (n=140 measures)                               Control Plate (n=155 measures) 

 

 
 
 
 
 
 

Figure 28. Frequency distribution of the differences between target and actual extraction times for 

extraction times at 5, 10, 30, 60 and 90 min for 76 volunteers.  Values on the X axis are seconds. 
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Impact of blood sampling on UEM measures. 

Table 11 shows the results of the mean values for each meal eating parameter between women providing 

blood samples and those not providing blood samples, after excluding extraction times in the first group. 

In agreement with the literature (Laessle et al., 2007), initial exploration of the data suggested a possible 

impact of BMI category on meal eating parameters such as bite size and meal duration. Results are 

therefore presented separately by BMI group. In the present study, the only parameter affected by blood 

draws was bite size, where the mean (± SEM) value in those not providing blood samples was slightly 

lower across both plate conditions than for those providing blood samples (with blood draws: 3.12 ± 0.19 

g vs. without: 3.95 ± 0.17 g; p<0.01). There was no impact of the blood draws on bite size in women with 

overweight or on any other parameter in any other women. 
 

Table 11. Mean ± SEM for meal eating parameters collected with the Universal Eating Monitor (UEM) 

across women providing blood samples and those not providing blood samples, by BMI category. Data 

were pooled across both plate conditions to increase power. 

 Group with blood 
draws   

Group without blood 
draws   

p for difference 

Women with normal weight n=26 n=33  

Eating rate (g/min)  32.5 ± 1.8  32.3 ± 1.7 0.932 

Bite size (g) 3.1 ± 0.2    4.0 ± 0.2  0.002 
Deceleration rate (g/sec2) 0.0011 ± 0.0001   0.0010 ± 0.0001 0.890 

Meal duration (min) 11.0 ± 0.8 10.5 ± 0.6 0.633 

Women with overweight n=29 n=24  

Eating rate (g/min)  35.23 ± 2.62 32.60 ± 1.53  0.399 

Bite size (g) 3.42 ± 0.16    3.47 ± 0.20  0.875 

Deceleration rate (g/sec2) 0.0012 ± 0.0002 0.0010 ± 0.0001 0.345 

Meal duration (min) 9.73 ± 0.52 10.07 ± 0.48 0.634 

  

Eye tracking data analysis and data quality 

A total of 149 video-recordings were collected with the Tobii eye tracker, 76 for the first visit and 73 for 

the second visit. Video-recordings of the second visit for 3 volunteers could not be collected due to these 

subjects failing to attend visit 2. In addition, for one volunteer, recordings for both visits were invalid 

because the participant mixed the food components on the plate before taking the first bite, effectively 

eliminating the AOIs.   
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Gaze capture across the original 149 recordings ranged from 24 to 96%, with a mean (±SD) of 83.1% 

����������,Q�WRWDO������UHFRUGLQJV�������SURYLGHG�D�JD]H�FDSWXUH�RI��������)RU�UHIHUHQFH������UHFRUGLQJV�

������SURYLGHG�D�JD]H�FDSWXUH�RI������� ,Q�DOO�� ���YROXQWHHUV� ������SURGXFHG� UHFRUGLQJV�ZLWK�JD]H�

capture valXHV�RI�������DFURVV�ERWK�YLVLWV�� 

Piloting and inter-rater reliability test for video analysis protocol (Lightworks 14.0) 

Initial pilot testing of the manual protocol in Lightworks 14.0 across 6 representative recordings (3 

subjects consuming the same meal on both plate types), revealed the vegetables AOI as the one with 

the highest number of fixations, probably related to the larger surface of this AOI compared with the 

meatballs and the rice, especially for the calibrated plate. This tool limits the amount of carbohydrate and 

protein food to about ¼ of the plate for each macronutrient, while it guides on filling up half of the plate 

with vegetables (Figures 1, 4).  

Gaze capture of the 6 recordings ranged between 87 and 94% confirming good image quality. Al l 

volunteers followed the protocol correctly (did not mix the foods). Mixed zone fixation time across these 

6 recordings accounted for <8% of total fixation time with a mean (± SD) of 3.2 ± 2.5 % (range 1.3 - 7.5 

%). Values were of a similar magnitude across plate conditions (1.3 - 7.5 % for the calibrated plate and 

1.3 - 3.1 % for the control plate). To put this into context, mean (± SD) % fixation times for the vegetables, 

rice and meatballs was 29.8 ± 7.8, 27.2 ± 8.0 and 14.0 ± 6.1 % respectively, in the same sample of 

videos. At this stage, the protocol included instructions for coding 7 AOIs corresponding to vegetables, 

rice, meatballs, mixed food zones, plate border, empty plate and bread. Coding challenges identified 

included the mixed food zones, vegetables, border of the plate, sauce and dynamic gazes (e.g., volunteer 

looking at the food on the fork while the fork was being moved). Instructions were improved for the coding 

of these areas on both the main protocol and the AOI Visual Coding Guide. Following this step, the 

complete protocol and AOI visual coding guide were tested for inter-rater reliability (IRR).  

For the IRR, two trained independent raters coded a total of 29,744 frames across 2 videos corresponding 

to the same volunteer eating with both plates. The analysis included 15,946 frames coded by rater 1 and 

13,798 frames coded by rater 2. Therefore, 1,189.76 seconds were analysed (638 seconds for rater 1 

and 552 seconds for rater 2). The video featuring the calibrated plate had about 9 min and the one with 

the control plate about 8 min of valid AOI data. Each rater coded the 7 pre-established AOIs: rice, 

vegetables, meatballs, empty plate, border, bread and mixed zone, resulting in paired data for 14 AOIs 

(total n=28). The largest differences in percentage (%) proportional fixation time were observed for the 

vegetables, rice and the mixed zone AOIs, while the smallest differences were observed for the border, 

empty plate and bread. There was very little variation between plate conditions (Table 12). The Pearson´s 

correlation coefficient was r=0.96 (p<0.001) indicating a strong correlation between raters (Figure 29). 
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Figure 29. Correlation for 14 pairs of data between proportional fixation times (% time on each AOI 

relative to total AOI time) as registered by two independent raters using the manual coding protocol in 

Lightworks 14.0 across two video-recordings. 
 

For the intra-class correlation (ICC), first, the percentage (%) proportional fixation time for each AOI for 

each rater was calculated (IV. Results, Section II, supplementary material, table S1).  From these data 

the ICC was 0.97 (90% CI 0.94, 0.98) which can be interpreted as an excellent correlation (Koo and Li, 

2016). Using this ICC value, the RCI were calculated for each paired AOI values. The SD between 

subjects used for calculating the RCI was 11.74 based on the sample of n=14 pairs of data (see IV. 

Results, Section II, supplementary material).  Table 12 shows the results of the RCI and % proportional 

fixation time analyses for each AOI by rater. Values marked with an asterisk (*) are significantly different 

between raters (meatballs in the calibrated plate;). Overall, the protocol was highly reproducible.  
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Table 12. Results of the reliable change index (RCI) calculations for paired data from two independent 

raters. A total of 14 AOIs were analysed across two videos (A, with calibrated plate; B, with control plate). 

Abbreviations: SEm, standard error of the measurement; Sdiff, standard error of the difference between 

the two ratings. RCI, reliable change index.  

AOI 
Video 

Recording 

Rater 1  
(% fixation 

time) 

Rater 2  
(% fixation time) 

SEm Sdiff RCI 

Rice A 1 28.8 32.2 2.16 3.06 1.113 

Meat A 1 7.3 14 2.16 3.06 2.193* 
Veg A 1 14.3 14.9 2.16 3.06 0.196 

Mixed A 1 15.1 10 2.16 3.06 -1.669 

Border A 1 5.4 2.1 2.16 3.06 -1.08 

Empty A 1 21.4 19.3 2.16 3.06 -0.687 

Bread A 1 7.8 7.5 2.16 3.06 -0.098 

Rice B 2 28.7 29.3 2.16 3.06 0.196 

Meat B 2 11.8 9.6 2.16 3.06 -0.72 

Veg B 2 13.7 18.2 2.16 3.06 1.473 

Mixed B 2 10.1 8 2.16 3.06 -0.687 

Border B 2 3.7 4.6 2.16 3.06 0.295 

Empty B 2 19.5 18.9 2.16 3.06 -0.196 

Bread B 2 12.5 11.3 2.16 3.06 -0.393 

 (*) Indicates significantly different ratings between raters (RCI >1.96) with p<0.05. 

 

Although the mixed food zones were comparable between the raters, they still posed difficulty for coding 

when more than one food fell within the gaze point in different proportions, producing inconsistent ratings 

(visualized in the RCI for calibrated plate��í�������)RU�WKLV�UHDVRQ�DQG�EHFDXVH�PL[HG�]RQHV�DFFRXQWHG�

for a small proportion of the total time, this AOI was eventually re-coded as a single AOI for the validation 

analysis vs. AGM. To diminish differences in the meatball AOI zones (RCI for calibrated plate, 2.193) and 

vegetables (RCI for control plate, 1.47) the coding instructions for these AOI were improved in the final 

version of the protocol which was then used to develop the AGM protocol (see next section). 

  

Piloting and validation of automatic gaze mapping (AGM) protocol (Tobii Pro Lab) 

The first AGM protocol version was developed including the four selected AOIs using the manual protocol: 

rice, vegetables, meatballs and border of the plate. Because the AGM method treats any mixed food 

zones as the nearest AOI and any fork zones as the AOI that is behind the fork, it can create discrepancy 

vs. manual coding. To make the two methods compatible, we adjusted the Lightworks protocol so that 

mixed food zones and AOIs including the fork were recoded as the corresponding AOIs in the AGM 
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method. By doing this we lost precision (i.e. some areas may be slightly over or underestimated if they 

are in a mixed food or fork AOI), however these AOIs accounted for <10% of the total fixation time. Given 

the advantages offered by the AGM method, we considered this limitation as acceptable in the context 

of this study. 

To account for changes in AOI size and shape (related to food disappearance), we integrated dynamic 

AOI coding in the AGM protocol and applied it to a sample of 10 representative videos previously coded 

in Lightworks by two trained raters. Table 13 shows the results of the validation analysis. Coding of 

vegetables and meatballs AOIs were similar across methods but the AGM method underestimated the 

rice AOI by about 4 seconds on average and the border AOI by about 3 seconds.  

 

Table 13. Mean (± SEM) fixation times in seconds, obtained for AOI using the manual (Lightworks 14.0) 

vs. automatic gaze mapping (Tobii Pro Lab) coding protocols across a sample of 10 video recordings (5 

subjects eating with an intervention plate), encompassing a total of 960 frames. Total number of frames 

in AGM also include non-coded frames in Lightworks. 

 Manual 
(total frames n=352) 

AGM  
(total frames n=608) 

 

  Mean SEM Mean SEM p for difference 

Rice 13.03  ± 2.43 8.89 ± 2.14 0.032 

Meatballs 5.73 ± 2.10 4.14 ± 1.76 0.121 

Vegetables 10.19 ± 1.77 8.29 ± 1.78 0.250 

Plate border 1.52 ± 0.37 4.01 ± 0.91 0.019 

  

Differences between methods were normally distributed therefore agreement between methods was 

explored using Bland-Altman plots for the rice, vegetables and meatballs AOIs. This analysis showed 

that despite differences for the rice, the AGM protocol was largely comparable with the manual protocol 

taking into account that mixed food areas and AOIs including the fork may lack some precision when 

applying automatic coding (Figure 30). This was confirmed by the ICC calculated across the 30 AOIs, 

which was high at 0.85 (90%CI 0.74, 0.92). 
 



SECTION II- Results 

 189 

 

Figure 30. Bland-Altman plot of AOI fixation times (seconds) collected with two methods (manual coding 

vs. automated gaze mapping) over the first 60 min upon starting the meal. Differences between methods 

are plotted against the mean of both methods for the vegetables, rice and meatballs AOIs across a 

sample of 10 recordings (5 subjects using both plates each; n=30 pairs of data). Dotted lines indicate the 

upper and lower limits of agreement respectively. The two values with a difference >10 in the Y axis 

correspond to the rice AOI for a single subject (both plates). The value <-6 in the Y axis corresponds to 

the vegetables AOI for another subject (calibrated plate). Both subjects were female, with overweight. 
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IRR calculations. Full calculations for inter-rater reliability tests for Lightworks manual 
protocol (Supplementary Material published by Vargas- Alvarez et al. (2022)) 

 

An initial inter-rater reliability (IRR) evaluation was conducted during spring 2019 on version 3 of the 

protocol. The kappa statistic from Viera and Garrett (2005)20 usually employed for inter-rater reliability 

assessments, could not be applied here because the data are not categorical (scores). Therefore, an 

alternative inter-rater reliability set of tests for continuous data was applied, based on the literature 

(Stolarova et al., 2014)21. These tests include correlation, the intra-class correlation coefficient (ICC), 

and an agreement test (initially the Bland & Altman plot). The literature recommends using a set of 

tests, rather than a single one as correlation analyses on their own for example, are susceptible to 

systematic bias, while agreement and reliability do not always co-exist (Liao et al., 2010)22. 

 

For the intra-class correlation (ICC), first, the percentage (%) proportional fixation time for each AOI 

for each rater was calculated as shown in Table S1. The mean of each AOI rating between raters 1 

and 2 for both the calibrated and control plate is represented as R1+R2/2. The B2 and W2 values 

represent the sum of the (Rating ± Mean) values squared for the Between and Within calculations, 

respectively. The SDb and SDw values were verified in STATA software version 16 (StataCorp LLC, 

Texas, USA) using a one-way ANOVA test producing similar results (SDb of 11.63 and a SDw 1.87).  

 

From these data the ICC calculated at a 90% confidence level was 0.97 (CI 0.94, 0.98). The ICC was 

subsequently used to calculate the RCI, based on the procedures described in Stolarova et al. (2014)t. 

The sequence of calculations was performed in Excel and is included below. 

 
20 Viera AJ, Garrett JM. Understanding interobserver agreement: The kappa statistic. Fam Med. 
2005;37(5):360-363. 
21 Stolarova M, Wolf C, Rinker T, Brielmann A. How to assess and compare inter-rater reliability, agreement 
and correlation of ratings: an exemplary analysis of mother-father and parent-teacher expressive vocabulary 
rating pairs. Front Psychol. 2014;5:509. 
22 Liao SC, Hunt EA, Chen W. Comparison between inter-rater reliability and inter-rater agreement in 
performance assessment. Ann Acad Med Singapore. 2010;39(8):613-618. 
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For references for ICC see footnote23  

 
23Ref. 1: Hopkins WG (2009). Calculating the reliability intraclass correlation coefficient and its confidence limits (Excel spreadsheet). 
newstats.org/xICC.xls 
Ref. 2: %DUWNR��-RKQ�-��������³7KH�,QWUDFODVV�&RUUHODWLRQ�&RHIILFLHQW�DV�D�0HDVXUH�RI�5HOLDELOLW\�´�Psychological Reports 19:3±11. 
Ref. 3 : 0F*UDZ��.HQQHWK�2��DQG�6��3��:RQJ��������³)RUPLQJ�,QIHUHQFHV�DERXW�6RPH�,QWUDFODVV�&RUUHODWLRQ�&RHIILFLHQWV�´�Psychological 
Methods 1(1):30±46. 
 

Step 1 Calculate SD between (SDb) and within (SDw) necessary for the ICC calculation

  

AOI Video  Rating (% fixation time) Rater Rating - Mean B2 R1+R2/2 Rating - Mean W2

Rice 1 28.8 1 14.51 210.46 30.50 -1.70 2.89
Veg 1 14.3 1 0.01 0.00 14.60 -0.30 0.09
Empty plate 1 21.4 1 7.11 50.51 20.35 1.05 1.10
Meat 1 7.3 1 -6.99 48.90 10.65 -3.35 11.22
Mixed zone 1 15.1 1 0.81 0.65 12.55 2.55 6.50
Bread 1 7.8 1 -6.49 42.16 7.65 0.15 0.02
Border 1 5.4 1 -8.89 79.08 3.75 1.65 2.72
Rice 2 28.70 1 14.41 207.57 29.00 -0.30 0.09
Veg 2 13.70 1 -0.59 0.35 15.95 -2.25 5.06
Empty plate 2 19.50 1 5.21 27.11 19.20 0.30 0.09
Meat 2 11.80 1 -2.49 6.21 10.70 1.10 1.21
Mixed zone 2 10.10 1 -4.19 17.58 9.05 1.05 1.10
Bread 2 12.50 1 -1.79 3.21 11.90 0.60 0.36
Border 2 3.70 1 -10.59 112.21 4.15 -0.45 0.20
MEAN R1 14.2929   
Rice 1 32.20 2 32.20 1036.84 30.50 1.70 2.89
Veg 1 14.90 2 14.90 222.01 14.60 0.30 0.09
Empty plate 1 19.30 2 19.30 372.49 20.35 -1.05 1.10
Meat 1 14.00 2 14.00 196.00 10.65 3.35 11.22
Mixed zone 1 10.00 2 10.00 100.00 12.55 -2.55 6.50
Bread 1 7.50 2 7.50 56.25 7.65 -0.15 0.02
Border 1 2.10 2 2.10 4.41 3.75 -1.65 2.72
Rice 2 29.30 2 29.30 858.49 29.00 0.30 0.09
Veg 2 18.20 2 18.20 331.24 15.95 2.25 5.06
Empty plate 2 18.90 2 18.90 357.21 19.20 -0.30 0.09
Meat 2 9.60 2 9.60 92.16 10.70 -1.10 1.21
Mixed zone 2 8.00 2 8.00 64.00 9.05 -1.05 1.10
Bread 2 11.30 2 11.30 127.69 11.90 -0.60 0.36
Border 2 4.60 2 4.60 21.16 4.15 0.45 0.20
MEAN R2 14.2786 14.29
SS (All) 4645.96 65.34
SS/13 357.38 SS/14 4.67
SDb 18.90 SDw 2.16

https://www-users.york.ac.uk/~mb55/meas/seofsw.htm
The within-subject standard deviation is found by dividing a sum of squares by its degrees of freedom, to get the estimate of variance. 
The square root of this is the estimate of the standard deviation
If we have n  subjects with m  observations per subject, we have n (m -1) degrees of freedom. Hence the standard error of s w  will be estimated by s w /root(2n (m -1)).

For the paired data above:
df =14 AOIs * (2 ratings-1) = 14

BETWEEN WITHIN

Table S1. Standard deviation between and within subjects for sample of paired data for 14 AOIs. B2 and W2 values represent the sum of the (Rating-
Mean) values squared for the Between and Within  calculations. R1+R2/2 is the mean of each AOI rating between raters 1 and 2.

Step 2 For this analysis, the ICC was computed using an on-line Excel calculator11, based on the published formulas by Bartko (1966)6 (ICC) and McGraw & Wong (1996)12 (ICC confidence limits)

CALCULATING THE RELIABILITY INTRACLASS CORRELATION COEFFICIENT AND ITS CONFIDENCE LIMITS
Between- and within-subject SD known

N Between Within Deg. Conf. Effective
subjects SD SD freedom level (%) ICC lower upper approx. ц no.of tests F F lower F upper

28 18.90 2.16 27 90 0.99 0.98 0.99 0.01 2.00 152.1 79.9 289.8

ICC and confidence limits
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Step 3 To confirm the correlation reported by the ICC, RC (Reliable Change Score) was calaculated. 
The RC  is used to define significantly changed or diverging values across raters. 

Critical Difference
Absolute difference in scores required for a change score to be regarded as reliably above measurement error (i.e. reliably different).

Video 1
AOI HA MAVA SE m Sdiff RC
(% time) Rater 1 Rater 2
Rice 28.8 32.20 2.16 3.06 1.113
Meat 7.3 14.00 2.16 3.06 2.193
Veg 14.3 14.90 2.16 3.06 0.196
Mixed zone 15.1 10.00 2.16 3.06 -1.669
Border 5.4 2.10 2.16 3.06 -1.080
Empty plate 21.4 19.30 2.16 3.06 -0.687
Bread 7.8 7.50 2.16 3.06 -0.098
Mean 14.30 14.29  
SD between subjects 8.48 9.66
SEM 3.21 3.65
n 7 7

The RC was calculated following the method of Jacobson & Truax7

RC = (rater 2 value - rater 1 value)/Sdiff

Sdiff = Squared root of 2*[(SE m)2]
SE m =  s* Squared root of 1-ICC "standard error of the measurement", can use Chronbachǲs alpha instead of ICC
s = SD of some reference group As calculated from our sample (n=14), SDb = 11.74

An RC ш 1.96 indicates a significant difference between the 2 compared ratings. 

Video 2
AOI HA MAVA SE m Sdiff RC
(% time) Rater 1 Rater 2
Rice 28.70 29.30 2.16 3.06 0.196
Meat 11.80 9.60 2.16 3.06 -0.720
Veg 13.70 18.20 2.16 3.06 1.473
Mixed zone 10.10 8.00 2.16 3.06 -0.687
Border 3.70 4.60 2.16 3.06 0.295
Empty plate 19.50 18.90 2.16 3.06 -0.196
Bread 12.50 11.30 2.16 3.06 -0.393
Mean 14.29 14.27  
SD between subjects 7.90 8.43
SEM 2.99 3.19
n 7 7

MAVA and HA stand for the initials of each rater.

The RC was calculated following the method of Jacobson & Truax7

RC = (rater 2 value - rater 1 value)/Sdiff

Sdiff = Squared root of 2*[(SE m)2]
SE m =  s* Squared root of 1-ICC "standard error of the measurement", can use Chronbachǲs alpha instead of ICC
s = SD of some reference group As calculated from our sample (n=14), SDb = 11.74

An RC ш 1.96 indicates a significant difference between the 2 compared ratings. 
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SECTION III 

 

 
SHORT-TERM EFFECTS OF PORTION-CONTROL TABLEWARE ON FOOD 

BEHAVIOR AND MEAL-DIRECTED ATTENTION IN WOMEN WITH AND 
WITHOUT OVERWEIGHT. 
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Participants  

Over 200 participants were initially contacted to participate in this trial, of which 105 were screened 

in the laboratory and 65 women meeting the eligibility criteria were enrolled. Of the 31 women with 

normal weight and the 34 women with overweight starting the study, 61 completed both visits (Figure 
31).  

 
Figure 31. CONSORT 2010 Flow Diagram  
 
Clinical visits took part between Oct-2018 and Feb-2020. Three participants did not complete the 

study due to failure to attend to the second visit but results from the first visit were included in the 

analyses. There were no adverse events recorded and all but one participant returned all the study 

LQIRUPDWLRQ�DIWHU�YLVLW����3DUWLFLSDQWV¶�FKDUDFWHULVWLFV�DUH�VKRZQ�LQ�Table 14.  
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Table 14�� 3DUWLFLSDQW¶V� FKDUDFWHULVWLFV� IRU� WKH� ZKROH� VDPSOH� DQG� E\� %0,� JURXS�� 6DPSOH� VL]H� LV�
indicated in brackets. Values are means ± SD; percentage. 
Abbreviations: BMI, Body mass index (kg/m2); TFEQ, Three Factor Eating Questionnaire, SDG, 

Sociodemographic characteristics. 

 All women 
 

With normal weight 
(BMI 18.5-24.9 kg/m2) 

With overweight  
(BMI >25kg/m2) 

 (n=62-65) (n=29-31) (n=33-34) 
Age (years) 43 ± 12 39 ± 13 46 ± 11* 
BMI (kg/m2) 26 ± 4 23 ± 2 29 ± 3*** 
TFEQ scores    

Restraint (0-21) 10 ± 4 10 ± 4 9 ± 4 
Disinhibition (0-16) 8 ± 4 6 ± 3 9 ± 4** 
Hunger (0-14) 6 ± 3 5 ± 3 6 ± 3 

EAT-26 score (0-78) 9 ± 4 8 ± 4 9 ± 4 
SDG characteristics     
Ethnicity (n=65) (n=31) (n=34) 

South European 85% 84% 85% 
North-European 3% 3% 3% 
North- America 2% 0% 3% 
Latin-America 11% 13% 9% 

Previous experience with PS tools  (n=65) (n=31) (n=34) 
None 80% 87% 74% 
Yes  20% 13% 26% 

Home-made meals frequency (n=65) (n=31) (n=34) 
Never or almost never 12% 13% 12% 
Less than once a week 6% 6% 6% 
1-3 times per week 3% 3% 3% 
Most of the days 78% 77% 79% 

Take-away meal frequency (n=65) (n=31) (n=34) 
Never or almost never 65% 58% 71% 
Less than once a week- 26% 26% 26% 
1-3 times per week 8% 13% 3% 
Most of the days 2% 3% 0% 

Household composition (n=65) (n=31) (n=34) 
Lives with children/ with other adults 94% 97% 91% 
Lives alone 6% 3% 9% 

Prepares meal (n=64) (n=30) (n=34) 
For self only 14% 13% 15% 
For self and others 86% 87% 85% 

Fasting blood levels (n=31) (n=14) (n=17) 
    Glucosea (mg/dL) 90 ± 9 88 ± 7 92 ± 10 
    Insulinb (mU/L) 8 ± 11 10 ± 17 6 ± 3 
    Ghrelinc (pg/mL) 2028 ± 1429 2580 ± 1711 1490 ± 864** 
    PPd (pg/mL) 264 ± 314 351 ± 397 190 ± 219 

* Differs between BMI group with p<0.05. 
** Differs between BMI group with p<0.01. 
*** Differs between BMI group with p<0.001. 
 
aGlucose refence levels (IDF, 2011): A:  < 100 mg/dL; P:  < 140 mg/dL. bInsulin refence levels (Korek et al., 2013): A: ~7 mU/L o < 30 mU/L 
(in obesity, ~12 mU/L); P: ~11 mU/L (in obesity, ~42 mU/L, or < 166 mU/L). cGhrelin reference values (Korek et al., 2013)(Korek et al., 
2013b): A: ~1600 pg/ml (mean value in obesity, ~660 pg/ml); P: ~1500 pg/ml (mean value in obesity~650 pg/ml). dPancreatic polypeptide 
reference values (Mawxell et al., 2014), (Lamers et al.,1981): A: < 435 pg/mL (depending on age); P: 420-546 pg/ml (peak at 5-20 min: 
100-130 pmol/L).  
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All participants had fasting blood levels for glucose and insulin within the normal range except for 

eight participants who had at least one of the fasting glucose values between 100-110 mg/dL 

(impaired glucose tolerance). Fasting ghrelin levels were significantly lower and disinhibition scores 

significantly higher in the group with overweight, who were slightly older, compared with the lean 

group. Most volunteers had never experienced with a portion control tool before and consumed most 

of their meals at home.  Most lived with children or other adults and prepared meals for others beyond 

themselves. 

 

Impact of plate type on portion size selection and intake 

Overall participants self-served and consumed significantly smaller portions using the calibrated plate 

compared with the control plate (Table 15). Mean ± SD self-served amounts for the plate meal 

(excluding bread, oil, fruit and water) were 296 ± 69 vs. 317 ± 78 g for the calibrated and control plates 

respectively (p<0.05). Consumed amounts on the plate were 287 ± 71 vs. 309 ± 79g (p<0.05). 

Consumed amounts including complimentary bread and oil were also smaller with the calibrated plate 

condition (316 ± 78 g vs. 336 ± 85 g, p<0.05). This effect was driven by changes in the portion size 

(PS) of rice (multivariate adjusted model E =18.55; 95%CI: 12.13, 24.92; p=0.000) showing an 

average difference of 43 kcal less eaten from the platted meal on the calibrated plate (32 kcal less 

when including bread, oil and fruit), of which 37 kcal were from rice. In addition, the women tended to 

drink more water with the calibrated plate (147 ± 93 vs. 132 ± 87 g; p=0.09). Differences for all other 

meal components were <8 kcal (and non-significant). 

The results were explored separately for women with and without overweight/obesity where a plate 

type effect was detected, in order to explore if the impact is maintained across BMI groups. Lean 

women consumed similar amounts of all foods in both plates, except for rice which remained 

significantly lower with the calibrated plate (68 ± 26 vs. 91 ± 33 g p<0.01) (Table 16). 



SECTION III- Results 

 

 202 

Table 15. Impact of plate type (calibrated and control plate) on selected and consumed portion sizes at a lunch buffet meal. Results of univariate and 

multivariate linear mixed effect models for the complete sample. Values are mean grams ± SD.  
 All women 

(n=58-65) 

Univariate Model (Plate alone) Multivariate Model 

 Calibrated 

Plate (g) 

Control 

Plate (g) 

E 95% IC p value E 95% IC p value 

Total served (exclusively on the 

plate) (g)a 
296 ± 69 317 ± 78 21.35 (3.75; 38.89) 0.018 21.6998 (4.13; 39.26) 0.016 

Total consumed (exclusively on 

the plate) (g)b 
287 ± 71 309 ± 79 21.99 (4.99; 38.95) 0.012 22.5020 (5.52; 39.49) 0.010 

Total consumed (with 

complimentary bread and oil) (g)b 
316 ± 78 336 ± 85 20.61 (2.27; 38.90) 0.028 21.0760 (2.76; 39.38) 0.025 

Rice (g)b 69 ± 24 88 ± 30 18.88 (12.53; 25.20) 0.000 18.5461 (12.13; 24.92) 0.000 
Meatballs (g)d 106 ± 33 111 ± 38 5.16 (-2.31; 12.65) 0.175 5.0083 (-2.83; 12.23) 0.186 

Vegetables (g)b 112 ± 41 110 ± 47 -2.06 (-11.56; 7.41) 0.668 -1.7150 (-11.20; 7.77) 0.720 

Bread (g)c 25 ± 19 23 ± 18 -1.28 (-4.53;1.96) 0.435 -1.4594 (-4.34; 1.82) 0.347 

Fruit (g)c 95 ± 73 90 ± 62 -4.21 (-18.62; 10.19) 0.563 -4.6512 (-18.83; 9.51) 0.516 

Olive oil (g)d 4 ± 4 4 ± 4 -0.02 (-0.59; 0.55) 0.953 -0.0179 (-0.57; 0.54) 0.949 

Water (g)e 147 ± 93 132 ± 87 -15.07 (-32.79; 2.66) 0.095 -15.3693 (-33.16; 2.38) 0.090 

Total consumed food (with complimentary  bread and oil; fruit was not included) 
 
aLinear mixed-effects model fitted with plate type, age and plate sequence. 
bLinear mixed-effects model fitted with plate type and plate sequence . 
cLinear mixed-effects model fitted with plate type and baseline hunger levels. 
dLinear mixed-effects model fitted with plate type, baseline hunger levels and TFEQ-H. 
eLinear mixed-effects model fitted with plate type and age. 
 
 
 



SECTION III- Results 

 203 

Table 16. Impact of plate type (calibrated and control plate) on selected and consumed portion sizes at a lunch buffet meal by BMI category. Results of 

univariate and multivariate linear mixed effect models for the complete sample. Values are mean grams ± SD. TFEQ-R stands for the Three-factor eating 

questionnaire restriction score. 
 Normal weight (n=28-31) Overweight women (n=30-34) 

   Multivariate Model   Multivariate Model 

 Calibrated 

Plate (g) 

Control 

Plate (g) 
E 95%IC p value Calibrated 

Plate (g) 

Control 

Plate (g) 
E 95%IC p value 

Total served  

(exclusively on the plate) 

294 ± 78 326 ± 88 35.1227 (4.37;   65.54) 0.026a 299 ± 60 309 ± 70 5.8738 (-11.07;  22.94) 0.490d 

Total consumed  

(complimentary bread and oil) 

317 ± 86 347 ± 93 33.9501 (1.71; 65.66) 0.039a 316 ± 71 326 ± 78 

 

3.6093 ( -12.86; 20.14) 0.661e 

Rice 68 ± 26 91 ± 33 23.8020 (13.20; 34.21) 0.001b 69 ± 23 84 ± 27 13.4981 (6.07; 20.90) 0.001e 

Meatballs 105 ± 35 111 ± 41 N/A N/A N/A 107 ± 30 112 ± 36 N/A N/A N/A 

Vegetables 111 ± 45 114 ± 54 N/A N/A N/A 114 ± 37 106 ± 39 N/A N/A N/A 

Bread 28 ± 18 26 ± 16 N/A N/A N/A 22 ± 20 20 ± 20 N/A N/A N/A 

Fruit 95 ± 75 92 ± 74 N/A N/A N/A 94 ± 71 89 ± 50 N/A N/A N/A 

Olive oil 5 ± 4 4 ± 4 N/A N/A N/A 3 ± 4 3 ± 3 N/A N/A N/A 

Water 141 ± 92 106 ± 80 -34.0340 ( -59.43;-8.63) 0.011c 153 ± 95 156 ± 88 2.4960 (-21.54; 26.61) 0.835b 

Total consumed food (with complimentary  bread and oil; fruit was not included) 
N/A No specific BMI models were created, since no impact of the covariates was detected 
p value indicates the difference between plate condition. 
 
aLinear mixed-effects model fitted with plate type, age and plate sequence.  
bLinear mixed-effects model fitted with plate type. 
cLinear mixed-effects model fitted with plate type, age and TFEQ-R. 
dLinear mixed-effects model fitted with plate type, baseline hunger levels and plate sequence. 
eLinear mixed-effects model fitted with plate type and baseline hunger levels. 
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This was reflected in reductions in mean overall amounts served (-32 g) and consumed (-30 g), (both 

p<0.05 vs. the control) across all women. The same pattern was observed in women with overweight 

however reductions in PS were of smaller magnitude and only reached significance for the rice 

(average change of -11 g for total served; -10 g for total consumed; both p>0.05; and -15 g for 

consumed rice; p<0.001)  

Overall, women with normal weight drank less water and consumed significant larger portion sizes of 

the complete meal, including bread and oil (excluding fruit) , when using the control plate (multivariate 

adjusted model E= 33.95;95%CI: 1.71, 65.66; p<0.05). This pattern was not so evident in women with 

overweight, who only significantly reduced the PS for rice.  

Thus, total served on the plate, total consumed with complimentary items, and rice consumed, 

significantly differed by plate type across all women and specially in women with normal weight. 

Noteworthy, despite that bread intake did not go up, neither group of women significantly increased 

their portion of vegetables or fruit with the calibrated plate. 

 

Impact of plate type on meal micro-structural parameters 

All meal micro-structural parameters were smaller in magnitude when participants used the calibrated 

plate, however the impact of plate type was only significant on bite size (lower with the calibrated 

plate) (mean±SD: 3.4 ± 1.0 g vs. 3.7±1.0 g; p<0.01 in adjusted models), with a similar trend detected 

for eating rate (mean ± SD: 33.0 ± 9.0 g/min vs. 34.7 ± 12.8 g/min; p=0.09) (Table 17).  

BMI-specific regression models revealed that the impact of plate type on bite size and eating rate 

were both driven by the normal weight women (bite size multivariate adjusted model E= 0.52 (95%CI: 

0.28, 0.75; p<0.001; eating rate multivariate adjusted model E= 1.30 (95%CI: 0.30, 2.32; p<0.05) 

(Table 18). That is, only the lean women responded to the calibrated plate by loading less food on 

their fork (mean ± SD 3.3 ± 1.0 g) compared to when they used the control plate (3.8 ± 1.1 g) and 

displayed a significant lower eating rate (32.9 ± 9.5 g/min vs. 33.7 ± 9.2 g/min, respectively; p<0.05).  

No significant plate effect was detected on meal duration nor deceleration rates for the total group or 

when explored by BMI (p>0.05 all comparisons) (Table 17 and 18). 

  



SECTION III- Results 

 

 205 

Table 17. Meal micro-structural parameters between plate conditions (calibrated and control plate) of all women.  Data collected with the Universal 

Eating Monitor (UEM) including Eating Rate, Bite Size, Meal duration and Deceleration rate (change in eating rate). Values are Mean ± SD. 

 
 All Women (n=56-65) Univariate Model (Plate) Multivariate Model 

 Calibrated Plate Control Plate E 95% IC p value E 95% IC p value 

Eating Rate (g/min)a 33.0 ± 9.0 34.7 ± 12.8 1.7370 (-0.75; 4.21) 0.169 1.5151 (-0.26; 3.28) 0.094 

Bite Size (g)b 3.4 ± 1.0 3.7 ± 1.0 0.3603 (0.12; 0.58) 0.003 0.3302 (0.10; 0.54) 0.004 

Deceleration Rate (mg/sec2)b 1.05 ± 0. 55 1.14 ± 0.98 0.09061 (-0.11; 0.29) 0.386 -0.2361 (-1.002; 0.53) 0.543 

Meal Duration (seconds)c 605.5 ± 187.2 627.9 ± 218.8 20.9100 (-16.31; 58.18) 0.268 8.0493 (-25.92; 41.91) 0.638 
aLinear mixed-effects model fitted with plate type, meal duration and total served food.  
bLinear mixed-effects model fitted with plate type, baseline hunger levels, TFRQ-R, meal duration and total served food. 
cLinear mixed-effects model fitted with plate type, BMI and total served food. 
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Table 18. Meal micro-structural parameters between plate conditions (calibrated and control plate) by BMI.  Data collected with the Universal Eating 

Monitor (UEM). Values are Mean ± SD. 

 
 Normal weight (n=28-31) Overweight women (n=26-34) 

   Multivariate Model<1   Multivariate Model 

 Calibrated 

Plate (g) 

Control Plate 

(g) 

E 95%IC p value Calibrated 

Plate (g) 

Control Plate 

(g) 

E 95%IC p value 

Eating Rate (g/min) 32.9 ± 9.5 33.68 ± 9.2 1.30 (0.30; 2.32) 0.014a 33.11 ± 8.7 35.6 ± 15.5 1.61 (-1.30; 4.50) 0.270a 

Bite Size (g) 3.3 ± 1.0 3.8 ± 1.1 0.52 (0.28; 0.75) 0.000b 3.4 ±1.0 3.52 ± 1.0 0.013 (-0.31; 0.33) 0.935a 

Deceleration Rate (mg/sec2) 1.08 ± 0.65 1.05 ± 0.67 0.052 (-0.012;0.12) 0.119c 1.02 ± 0.45  1.22 ± 1.19 0.151 (-0.14; 0.44) 0.312e 

Meal Duration (sec) 616 ± 217.8 666.8 ± 245.8 32.34 (-15.91; 79.28) 0.177d 596 ± 157.4 591.6 ± 187.4 -15.22 (-60.52; 29.31) 0.489b 
aLinear mixed-effects model fitted with plate type, meal duration and total served food.  
b Linear mixed-effects model fitted with plate type, total served food and baseline hunger levels. 
c Linear mixed-effects model fitted with plate type and meal duration. 
d Linear mixed-effects model fitted with plate type and total served food. 
eLinear mixed-effects model fitted with plate type, meal duration and total served . 
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Appetite, satiety and liking ratings 

Temporal profiles for appetite and satiety ratings across the 180 min post-prandial period are shown 

in Figure 32. 

 

 
 
Figure 32.  Subjective appetite and satiety ratings from a sample of 60-65 women before and after 

consuming a meal with two intervention plates. Values are mean ± SEM. 

 

There were no significant differences between plates on subjective ratings of hunger, nausea and 

liking for the meal over the complete 3h period in adjusted models. The control plate induced slightly 

higher fullness sensations at 180 min (multivariate adjusted model E= 6.22; 95CI%:  1.97, 10.46; 

p<0.01) but the difference was of a small magnitude (mean ± SEM -5.7 ± 2.0 mm on a 100 mm scale). 
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Thirst levels tended to be slightly higher also with the control plate (p=0.06). Regarding expected 

satiation, volunteers rated the meal self-served on the control plate to be more satiating (mean ± SD: 

82.32 ± 20.84 mm) than the meal self-served on the calibrate plate (mean ± SD: 76.40 ± 15.76 mm) 

(multivariate adjusted model E= 5.82; 95CI%:  1.93, 9.71; p<0.05). This pattern was detected in both 

BMI groups (mean ± SD expected satiety NW: 77.75 ± 19.75 vs. 84.19 ± 13.13 mm and OW 75.18 

±1 4.08 vs. 80.61 ± 16.33 mm, calibrated vs. control plate, respectively) (multivariate adjusted models 

NW: E= 6.64; 95%CI: 0.03, 13.19; p< 0.05; and OW: E= 4.82; 95%CI: 0.21, 9.46; p<0.05). This was 

probably due to the control plate being loaded with more food in general. 

  
Tool acceptance and perceived self-efficacy to control portion sizes  

Both plates were well accepted although the control plate was less favourably rated (mean ± SD 

average 5-pt Likert score: 4.4 ± 0.5 vs. 4.1 ± 0.7, calibrated vs. control plate, respectively) (multivariate 

adjusted model E= -0.035; 95%CI: -0.54, -0.17; p<0.0001). These results held across both BMI groups 

(NW group 4.5 ± 0.4 vs. 4.2 ± 0.6; group with OW: 4.4 ± 0.6 vs. 3.9 ± 0.7, calibrated vs. control plate, 

respectively; effect of plate p<0.05 in both groups) (NW: E= -0.26; 95%CI: -0.50, -0.02; p< 0.05; and 

OW: E= -0.43; 95%CI: -0.72, -0.15; p< 0.01).  

Perceived self-efficacy to control portion sizes did not differ by plate condition (mean ± SD 4-point 

PCSE score: 3.37 ± 0.8 vs. 3.45 ± 0.8; calibrated vs. control plate, respectively; p>0.05).  

 

Portion size norms 

Regardless of which plate they used, women reported having selected smaller food portions in the 

laboratory than those habitually consumed, with no difference between BMI groups (Table 19).  

A significant effect of plate type on portion norms was detected only for the vegetables. Participants 

reported a greater PS reduction for vegetables compared to their normal/habitual portion size when 

they used the control plate (mean ± SD portion norm score 6.7 ± 1.5 mm) relative to the calibrated 

plate (6.0±2.0 mm) (p<0.01). This effect was driven by women with normal weight with a mean ± SD 

portion norm score of 5.8 ± 2.2 cm vs. 6.9 ± 1.3 cm (calibrated vs. control plate respectively; univariate 

adjusted model E= 1.12, 95CI%: 0.34, 1.89; p<0.05). However,  these differences did not reach 

significance in the group with overweight (mean ± SEM) vegetables portion norm scores: 6.2 ± 0.3 

cm vs. 6.5 ± 0.3 cm (calibrated vs. control plate respectively; p>0.05). Differences in the vegetable 

portion norms amongst the lean women extended  to the whole meal PS norm (multivariate adjusted 

model for lean women E= -0.52, 95CI%: -1.03, -0.02; p<0.05). This effect was not detected when 

considering the whole group or the overweight group. 
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Table 19. Comparison between habitual portion sizes and portion sizes selected at a lunch buffet 

meal using two different intervention plates in a sample of 65 women. Values are scores on 10 cm 

VAS questions reading Compared with today�̧s portion, a normal portion of (food) for me would be 

(much smaller ± much larger). 9DOXHV�!���FP�LQGLFDWH�VHOHFWHG�SRUWLRQV�DUH�VPDOOHU�WKDQ�³QRUPDO´�

portions. Values are mean ± SD cm. TFEQ-D and TFEQ-H stand for the Three-factor eating 

questionnaire disinhibition (D) and hunger (H) scores. 

 All women  

(n=59-65) 

Univariate Model (Plate) Multivariate Model 

 Calibrated 

Plate (cm) 

Control 

Plate 

(cm) 

E 95% IC p 

value 

E 95% IC p value 

Meala 5.9 ± 1.4 5.6 ± 1.3 -0.2591 (-0.62; 0.10) 0.159 -0.2591 (-0.62; 0.10) 0.159 

Ricea 6.5 ± 1.8 6.2 ± 1.5 -0.2298 (-0.60; 0.14) 0.224 -0.2298 (-0.60; 0.14) 0.224 

Meatballsb 5.3 ± 1.5 5.4 ± 1.3 0.0526 (-0.20; 0.30) 0.683 0.0562 (-0.20; 0.31) 0.664 

Vegetablesa 6.0 ± 2 6.7 ± 1.5 0.7012 (0.18; 1.21) 0.009 0.7012 (0.18; 1.21) 0.009 
a Linear mixed-effects model fitted with plate type. 
b Linear mixed-effects model fitted with plate type, TFEQ-D and TFEQ-H.  

  
Dietary intake  

Only thirty-seven women of the total sample of completers (n=61) provided full dietary records on 

both visits resulting in a sample of 100 returned food records (59 after using the calibrated plate and 

41 after using the control plate). Energy and macronutrient intake over the 8 h period following the 

laboratory lunch was calculated from the returned dietaries. A significant impact of plate was detected 

for total energy intake (multivariate adjusted model E= -223.99, 95CI%: -347.53, -99.56; p<0.001) and 

by macronutrient (p<0.05 for all) in the total sample (Table 20). Overall, participants consumed more 

energy at home after the session where they used the calibrated plate than after using the control 

plate. 

Although the calibrated plate was effective in reducing the energy consumption at the laboratory meal 

in 67% of the initial sample (n=41/61), most of this energy was compensated for later in the day. 

Energy compensation was calculated for 19 women who responded as expected to the calibrated 

plate and for whom valid paired food records were available (visit 1 plus 2). Ten out of these 19 (53%) 

overcompensated the caloric restriction of the meal by dinner time. That is, while they consumed on 

average (mean ± SEM) 102 ± 22 kcal less at lunch with the calibrated vs. the control plate, their intake 

over the next 8h far exceeded this difference and was on average 202 ± 95 kcal in excess after using 

the calibrated plate vs. the control plate; as a result, the average %EC in these 10 women was of 

586% (n=10). None of the participants showed perfect energy compensation but partial compensation 

was observed in 2 of the responsive women while another 7 displayed sustained controlled behaviour. 
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That is, 9 women in total reduced their energy intake at lunch when using the calibrated vs. the control 

plate to some extent and this pattern was maintained up to dinner in 7 of them (mean ± SEM 128 ±49 

kcal less at lunch and 118 ± 9 kcal less at dinner). 

 

Table 20. Energy consumed after lab session between plate conditions (calibrated and control plate) 

of all women. Data collected with the 8 h recall. Values are mean ± SD for 41-59 women. 
  

 
Univariate Model (Plate) Multivariate Model 

 Calibrated 

Plate 

(n=59 

records) 

Control 

Plate 

(n=41 

records) 

E IC p value E IC p value 

Carbohydrates (kcal)a 265.08 ± 

197.19 

166.2 ± 

94.05 
-103.04 

(-162.41; -

42.23) 
0.001 -91.46 

(-149.38; -

31.32) 
0.005 

Protein (kcal)b 150.98 ± 

98.98 

106.25 ± 

54.76 
-43.44 

(-74.14;  

-12.93) 
0.006 -43.33 

(-73.96;  

-12.89) 
0.006 

Lipids (kcal)b 249.70 ± 

191.61 

169.65 ± 

91.82 
-79.91 

(-143.85; -

16.25) 
0.016 -79.68 

(-142.90; -

16.46) 
0.014 

Total Energy (kcal)b 665.12 ± 

407.07 

442.1 ± 

25.82 
-224.92 

(-347.75; -

101.34) 
0.001 -223.99 

(-347.53; -

99.56) 
0.001 

aLinear mixed-effects model fitted with plate type, plate sequence and TFEQ-D. 
bLinear mixed-effects model fitted with plate type and plate sequence. 
  

Given that portion-control plates can potentially reduce meal energy density due to their particular 

design, in a post-hoc analysis, we looked at energy density of the meal consumed at the lab session 

and at dinner (8 h recall) (Table 21). 

 

Energy density (ED) of the laboratory lunch was lower when participants used the calibrated plate 

probably linked to the reduction in rice portion sizes. This applied to the platted meal exclusively 

(multivariate adjusted model E=0.05, 95CI%: 0.03, 0.08; p<0.001) as well as the meal plus 

complementary oil and bread (E=0.04, 95CI%: 0.01, 0.06; p<0.01). The impact of the plate on energy 

density of the total food consumed (including fruit but excluding water) was also close to significance 

(p=0.07). ED of the food consumed over the following 8 h including dinner, did not differ by plate. 
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Table 21.  Energy density of the lunch consumed at the lab session and over the following 8 h 

(includes dinner) by plate condition. Values are mean ± SD. TFEQ-D and TFEQ-H stand for the Three-

factor eating questionnaire disinhibition (D) and hunger (H) scores. 

 

 
All women  

(n=61-65) 
Univariate Model (Plate) Multivariate Model 

Energy density (kcal/g) 
Calibrated 

Plate (cm) 

Control 

Plate (cm) 
E 95% IC p value E 95% IC p value 

Platted meal (food on the 

plate exclusively) a 
1.24 ± 0.12 1.29 ±  0.12 0.05 (0.03; 0.07) 0.000 0.05 (0.03; 0.08) 0.000 

Lunch with condiments 

(platted meal plus oil and 

bread)b 

1.40 ± 0.16 1.43 ± 0.15 0.03 (0.006; 0.06) 0.019 0.04 (0.01; 0.06) 0.005 

Lunch with condiments 

and dessert (fruit) 

(excludes water)c 

1.25 ± 0.20 

 
1.27 ± 0.17 0.02 (-0.004; 0.06) 0.092 0.03 (-0.003; 0.06) 0.078 

Dinner and 8 h period 5.07 ± 0.46 5.09 ± 0.42 0.02 (-0,15; 0.20) 0.766 0.03 (-0.13; 0.21) 0.673 
aLinear mixed-effects model fitted with plate type, meal duration and total served food.  
bLinear mixed-effects model fitted with plate type, TFEQ-H, meal duration and total served food. 
cLinear mixed-effects model fitted with plate type, TFEQ-D  and TFEQ-H.  
  

Cephalic phase response markers 

Changes in blood levels from baseline across the 90 min post-prandial period for glucose, insulin, 

pancreatic polypeptide and ghrelin are shown in Figure 28.  
Across all women (n=31) the impact of plate type was only significant on the ghrelin profile. Ghrelin 

levels were higher after for the calibrated vs. the control plate condition especially in the first 10 min 

after starting the meal (multi-variate model E=-156.47, 95CI%: -265.80; -47.13; p<0.01). Glucose, 

Insulin and PP profiles did not reveal any plate type effect across all women in multi-variate adjusted 

models (Figure 33). 
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Figure 33.  Fasting and post-prandial blood concentrations for glucose and gut hormones for a 

sample of 31 women consuming a hot meal with a calibrated or a control plate. Values are mean ± 

SEM. Multivariate linear mixed-effect models were created for glucose, insulin and pancreatic 

polypeptide (PP) profiles to account for potential covariate effects (no covariate effects were detected 

for ghrelin).  Results of regression analyses are shown. 

 

Sub-group analyses by BMI were carried out to consider possible fasting (Table 14) and post-prandial 

differences. The results of mixed model regression confirmed different hormonal responses between 

women with and without overweight, especially for ghrelin and PP (Figure 34, Table 22). Despite 

women with overweight had having lower fasting levels (vs. normal weight women), they showed 

significant higher levels in ghrelin when eating with the calibrated plate vs. the control (E=-86.39, 

95CI%: -169.62; -3.10; p<0.05). On the contrary, the impact of plate on pancreatic polypeptide levels 

was only significant amongst the lean group  (E=50.84, 95CI%: 18.14; 83.50; p<0.01).  
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Figure 34.  Fasting and post-prandial blood concentrations for ghrelin and pancreatic polypeptide 

(PP) for a sample of 31 women (n=14 (NW); n=17 (OW)) consuming a hot meal with a calibrated or 

a control plate. Values are mean ± SEM. Univariate linear mixed-effect models were created for 

ghrelin and PP profiles to account plate type effect.  Results of regression analyses are shown. 

 

Changes from baseline (CFB) were only significant for insulin (univariate model E= -5.86, 95CI%: -

10.24; -1.48; p<0.01), but the effect disappeared after adjusting for total amount of served food. 

Across BMI groups, CFB remained significant in lean women for insulin (p<0.01) and in both groups 

for PP (NW: p<0.01 and OW: p<0.001) (Table 23). 
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Table 22. Results of univariate and multivariate linear mixed effect models for all women and by BMI group for hormonal post-prandial responses over 

90 min period between plate conditions (calibrated and control plate). Multivariate analyses by BMI group were not carried out due to model saturation. 

 

 
 Overall sample 

Univariate model (Plate) 

(n=30-31) 

Overall sample 

Multivariate model 

(n=30-31) 

Women with normal weight  

Univariate model (Plate) (n=13-14) 

Women with overweight or obesity 

Univariate model (Plate) (n=17) 

 E 95% IC p value E 95% IC p value E 95% IC p value E 95% IC p value 

Glucose 0.963 (-3.72, 5.64) 0.686 12.770 (-12.83, 38.38) 0.327a -1.431 (-9.39, 6.54) 0.724 2.903 (-2.68, 8.47) 0.306 

Insulin 1.571 (-2.39, 5.54) 0.437 4.9283 (-11.19, 21.03) 0.547b 2.84 (-4.63, 9.21) 0.516 0.4074 (-4.18, 4.98) 0.861 

PP 8.359 (-15.08, 31.79 0.484 8.3590 (-15.08, 31.79) 0.484c 50.84 (18.14, 83.50) 0.002 -22.44 (-54.70, 9.83) 0.172 

Ghrelin -56.92 (-139.35, 25.49) 0.176 -156.470 (-265.80, -47.13) 0.005d -19.18 (-175.89, 137.30) 0.809 -86.39 (-169.62, -3.10) 0.042 

aLinear mixed-effects model fitted with plate type and baseline hunger levels.  
bLinear mixed-effects model fitted with plate type and total served food.  
cLinear mixed-effects model fitted with plate type. 
dLinear mixed-effects model fitted with plate type and plate sequence.  
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Table 23. Results of univariate and multivariate linear mixed effect models for all women and by BMI group for hormonal post-prandial responses over 

90 min period (0´, 5´, 10´, 30´, 60´ and 90´) and the change from baseline between plate conditions (calibrated and control plate). 

 
 

 Overall univariate model (Plate) 

(CFB) 

(n=30-31) 

Overall multivariate model 

(CFB) 

(n=30-31) 

Women with normal weight 

univariate model (Plate) (CFB) 

(n=13-14) 

(BMI 18.5-24.9 kg/m2) 

Women with overweight or obesity 

univariate model (Plate) CFB)  

(n=17) 

(BMI >25kg/m2) 

 E 95% IC p value E 95% IC p value E 95% IC p value E 95% IC p value 

Glucose 2.363 (-2.74, 7.46) 0.363 -7.2227 (-35.05, 20.61) 0.610a 3.015 (-5.89, 11.90) 0.505 1.576 (-4.34, 7.48) 0.600 

Insulin -5.863 (-10.24, -1.48) 0.009 6.8257 (-12.82, 26.48) 0.494b -9.955 (-18.11, -1.79) 0.017 -3.175 (-7.78, 1.41) 0.175 

PP 17.94 (-7.53, 43.38) 0.167 17.94 (-7.53, 43.38) 0.167c -53.62 (-87.08, -20.06) 0.002 66.91 (32.85, 100.87) 0.000 

Ghrelin 22.23 (-86.00, 130.28) 0.689 -12.18 (-158.99, 134.66) 0.870d 63.82 (-125.58, 252.24) 0.504 -5.441 (-127.98, 117.18) 0.930 

aLinear mixed-effects model fitted with plate type and baseline hunger levels.  
bLinear mixed-effects model fitted with plate type and total served food.  
cLinear mixed-effects model fitted with plate type. 
dLinear mixed-effects model fitted with plate type and plate sequence.  
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Memory test  

The calibrated plate did not improve memory for portion sizes of the previously selected foods, relative to the control plate  (Table 24). Irrespective of 

plate type, women underestimated the pre-selected portion sizes for rice and meatballs (ǻ�<0); while they overestimated the portion sizes for the 

vegetables (ǻ�>0).  Across foods, the peas followed by the carrots were the foods recalled with least accuracy. A significant effect of BMI was detected 

in the models for rice and carrots however no impact of plate was detected when explored in specific models by BMI group (Table 25).  

 

Table 24. Impact of plate type (calibrated and control plate) on memory for portion sizes selected at a buffet meal 3 h earlier, obtained through a 

computerized memory task. Results of univariate and multivariate linear mixed effect models for the complete sample. Values shown are percentage 

error of recalled vs. VHUYHG�DPRXQWV�FDOFXODWHG�DV������HDWHQ�JUDPV�PLQXV�UHFDOOHG�JUDPV�HDWHQ�JUDPV���$�YDOXH�RI�ǻ� ��LQGLFDWHV�SHUIHFW�UHFDOO��What 

LV��QR�HUURU�EHWZHHQ�WKH�UHFDOOHG�DQG�WKH�FRQVXPHG�DPRXQWV��ǻ���LQGLFDWHV�XQGHUHVWLPDWLRQ�DQG�ǻ!��overestimation of the pre-selected portion size. 

Values are mean ± SEM. 

 All women  Univariate Model (Plate only) Multivariate Model 

 
ǻ 

Calibrated Plate (%) 

ǻ� 

Control Plate (%) 
E 95% IC p value E 95% IC p value 

Ricea -1.78 ± 4.24 (n=61) -9.08 ± 3.72 (n=65) -7.1590 (-16.20; 1.86) 0.120 -0.0847 (-9.79; 9.69) 0.986 

Meatballsb -1.19 ± 3.10 (n= 61) -3.64 ± 2.95 (n= 65) -2.4910 (-8.68; 3.70) 0.427 -2.2859 (-8.47; 3.88) 0.464 

Peasc 51.80 ± 7.71 (n=56) 53.16 ± 9.71 (n=57) 4.859 (-15.33; 24.32) 0.624 6.2578 (-11.83; 23.82) 0.484 

Carrotsd 15.38 ± 5.70 (n=54) 9.40 ± 4.90 (n=57) -6.4770 (-18.16; 5.28) 0.275 -7.5219 (-18.96; 3.99) 0.196 

Participants were instructed to select at least one vegetable (or both if they wished), hence the difference in sample size.  
 
aLinear mixed-effects model fitted with plate type, age, served rice and meal duration. 
bLinear mixed-effects model fitted with plate type and served meatballs. 
cLinear mixed-effects model fitted with plate type, served peas and meal duration. 
dLinear mixed-effects model fitted with plate type and served carrots. 
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Table 25. Impact of plate type (calibrated and control plate) on memory for portion sizes selected at a buffet meal 3 h earlier. Results of multivariate 

linear mixed effect models by BMI group. Values shown are percentage error of recalled vs. served amounts calculated as: 100*(recalled minus served 

grams). A value RI�ǻ� ��LQGLFDWHV�SHUIHFW�UHFDOO��WKDW�LV��QR�HUURU�EHWZHHQ�WKH�UHFDOOHG�DQG�WKH�VHOI-VHUYHG�DPRXQWV��ǻ���LQGLFDWHV�XQGHUHVWLPDWLRQ�DQG�

ǻ!��RYHUHVWLPDWLRQ�RI�WKH�SUH-selected portion size. Values are mean ± SEM. 

 
With normal Weight  

(BMI 18.5-24.9 kg/m2) 
Multivariate Model 

With overweight  

(BMI >25kg/m2) 
Multivariate Model 

 

ǻ 

Calibrated 

Plate (g) 

ǻ� 

Control Plate 

(g) 

E 95% IC p value 

ǻ 

Calibrated 

Plate (g) 

ǻ� 

Control Plate 

(g) 

E 95% IC p value 

Rice -8.05 ± 4.66 -9.04 ± 5.59 0.52 (-9.43, 10.51) 0.918a 
3.89 ± 6.81 

(n=32) 

-9.13 ± 4.95 

(n=34) 
-12.16 (26.86, 2.44) 0.103c 

Meatballs -6.89 ± 3.40 -5.38 ± 3.74 N/A N/A N/A 
3.96 ± 4.92 

(n=32) 

-2.06 ± 4.48 

(n=34) 
N/A N/A N/A 

Peas 58.72 ± 13.93 46.51 ± 12.55 N/A N/A N/A 
46.23 ± 8.35 

(n=31) 

51.65 ± 13.87 

(n=31) 
N/A N/A N/A 

Carrots 12.62 ± 5.46 2.16 ± 5.79 -10.95 (-24.60, 3.00) 0.118b 
18.15 ± 10.10 

(n=27) 

16.40 ± 7.80 

(n=29) 
-1.97 (-21.00, 17.32) 0.837b 

N/A No specific BMI models were created, since no impact of the covariates was detected 
 
aLinear mixed-effects model fitted with plate type, age and meal duration. 
bLinear mixed-effects model fitted with plate type.  
cLinear mixed-effects model fitted with plate type, age and plate sequence. 
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Eyetracking  

The calibrated plate did not improve or increase gaze fixation during the first minute of the meal when 

compared to the control plate in women (Table 26). Linear mixed models did not reveal any significant 

differences in any of the AOIs.  

Since no effect was detected, exploratory analyses were performed in a sub-sample including six 

men (n=37; 31 women and 6 men) revealing different results. A trend was detected for rice (p=0.083) 

when comparing means (t-test), indicating that participants had a longer gaze fixation on the rice 

when using the control plate compared to the calibrated plate. This effect could be by self-selected  

larger portion size with the control plate.  

When analysing AOIs within plate conditions, ANOVAs reflected that the longest gaze fixation during 

the first minute of the meal across all AOIs was for vegetables irrespective of plate (mean ± SE 11.3 

± 1.2 s for the calibrated plate and 10.5 ± 1.2 s for the control plate; p<0.05 vs. other AOIs) (Figure 
35). In addition, a statistically significant difference was observed between the time participants spent 

looking at the rice when compared to the meatballs in the control plate (p=0.02) (Figure 36).   

 

Table 26. Percentage of gaze fixation during the first minute of the meal for each area of interest 

(AOI) between plate conditions (calibrated and control plate) of a subsample of women. Values are 

mean ± SEM %time.  

Abbreviations: Mb= meatballs; Veg= vegetables.  
 Women (n=21) Univariate Model Multivariate Model 

 Calibrated 

Plate  

Control Plate  E 95% IC p 

value 

E 95% IC p value 

AOI Rice (%)a 17.05 ± 2.47 22.66 ± 3.98 5.613 (-1.24; 12.47) 0.108 5.613 (-1.24; 12.47) 0.108 
AOI Mb (%)b 10.61 ± 2.19 9.95 ± 2.23 -0.666 (-5.26; 3.93) 0.772 -1.020 (-5.76; 3.67) 0.665 

AOI Vegs (%)c 50.66 ± 3.20 47.76 ± 5.43 -2.90 (-10.70; 4.89) 0.458 -3.217 (-11.29; 4.73) 0.422 

AOI Border (%)d 21.68 ± 2.82 19.63 ± 3.23 -2.044 (-7.17;3.08) 0.426 -2.043 (-7.17; 3.08) 0.426 

aLinear mixed-effects model fitted with plate type.  
bLinear mixed-effects model fitted with plate type and amount of served vegetables.  
cLinear mixed-effects model fitted with plate type and gaze duration on the plate percentage during the first minute of the meal. 
dLinear mixed-effects model fitted with plate type and TFEQ-R  
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Figure 35. Gaze fixation time by AOI during the first minute of the meal when using the calibrated 

plate (n=37). Columns with different letters indicate that the AOI values differ by p<0.05. Abbreviation: 

AOI = Area of interest. 

 

 

Figure 36. Gaze fixation time by AOI during the first minute of the meal when using the control plate 

(n=37). Columns with different letters indicate that the AOI values differ by p<0.05.  

Abbreviation: AOI = Area of interest. 
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Table 27 shows the results of the correlation analyses between gaze fixation time in each AOI and 

the percentage of error for the memory test when using the calibrated plate. In agreement with the 

main hypothesis of this work, a trend for a negative association was observed for rice, by which a 

lower fixation time was associated with a higher percentage of error in the memory test (r=-0.29; 

p=0.084). This trend was already detected with only 60% of the required sample, so analysis of the 

full sample may confirm this result.  

For the control plate, no significant association or trend was observed between gaze fixation time 

across AOIs and the percentage of error of the memory test (Table 27). 

 
Table 27. Correlation between gaze fixation time in each AOI and the percentage of error of the 

memory test, Spearman's correlation (rho) was applied in all cases except for vegetables where 

Pearson's correlation (r) was applied.  

Abbreviation: AOI = Area of Interest; r/p heading is used either Spearman´s or Pearson´s correlation.  

 Calibrated Plate(n=37) Control Plate(n=37) 
 r/p p r/p p 
Rice gaze fixation -0.29 0.084 -0.18 0.274 
Meatballs gaze fixation 0.18 0.280 -0.08 0.623 
Vegetables gaze fixationa 0.20 0.245 0.22 0.191 

a Pearson correlation 
 

When exploring if visual fixation time is influenced by the amount of food served on the plate, results 

revealed a positive association between the amount of meatballs served on the calibrated plate and 

the time participants spent looking at them (r=0.47; p=0.003). A large amount of served meatballs, 

was associated with a longer fixation time. On the contrary, when using the control plate, positive 

associations were found in all the foods (rice, meatballs and vegetables), indicating that visual fixation 

will be extended as the portions size increases. Significant results were reported for meatballs and 

vegetables, while only a trend was detected for rice (Table 28). 

 
Table 28. Correlation between gaze fixation time in each AOI and the amount served. Spearman's 

correlation (rho) was applied in all cases except for vegetables where Pearson's correlation (r) was 

applied.  

Abbreviation: AOI = Area of Interest. r/p heading is used either Spearman´s or Pearson´s correlation. 

 Calibrated Plate (n=37) Control Plate (n=37) 
 r/p p r/p p 
Rice gaze fixation -0.05 0.771 0.28 0.097 
Meatballs gaze fixation 0.47 0.003 0.39 0.020 
Vegetables gaze fixationa -0.02 0.889 0.32 0.017 

a Pearson correlation 
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Correlation analyses between gaze fixation time for each AOI and meal microstructural parameters 

showed no significant associations for any variable (bite size, eating rate, etc.), with either of the two 

plates. 

It was further observed that a longer gaze fixation time on the vegetables was negatively associated 

with hunger feelings 3 h after meal consumption with the calibrated plate (r=-0.28) (p=0.09) (Figure 
37). So, those participants who looked at the vegetables for longer, reported lower hunger ratings 3 

h after food consumption. 

 

 
Figure 37. Correlation between gaze fixation time on vegetables and hunger 3h post-meal feelings, 

calibrated plate (n=37). 

In agreement with the previous result, a significant positive association (p=0.020) was detected 

between gaze fixation for the vegetables and satiety ratings after 3 h of the meal consumption with 

the calibrated plate (r=0.38) (p=0.020) (Figure 38).  
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Figure 38. Correlation between gaze fixation time on vegetables and subjective satiety 3h post-meal 

feelings, calibrated plate (n=37). 

 

For the control plate, various trends were detected but none reached significance. A longer gaze 

fixation on the rice was associated with increased participants´ hunger feelings at 3 h post-meal (r = 

0.29; p = 0.09) (Figure 39). On the contrary, similarly to the calibrated plate a trend was detected for 

a longer gaze fixation on vegetables to correlate with lower hunger feelings, both immediately after 

meal ingestion and 3h post-meal consumption (r=-0.31, p=0.064 and r = -0.29, p=0.083, respectively) 

(Figures 40 and 41). Finally, a positive association was found between gaze fixation on vegetables 

and subjective satiety in both measures, immediately and 3 h after eating (r=0.52; p=0.002 and 

r=0.52, p=0.001, respectively, (Figures 42 and 43) also corroborated the results for the calibrated 

plate)). 
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Figure 39. Correlation between gaze fixation time on rice and hunger 3h post-meal feelings, control 

plate (n=37). 

 

 

 
 

Figure 40. Correlation between gaze fixation time on vegetables and hunger immediate post-meal 

feelings, control plate (n=37). 
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Figure 41. Correlation between gaze fixation time on vegetables and hunger 3h post-meal feelings, 

control plate (n=37). 

 

 

 
 

Figure 42. Correlation between gaze fixation time on vegetables and subjective satiety immediate 

post-meal feelings, control plate (n=37). 
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Figure 43. Correlation between gaze fixation time on vegetables and subjective satiety 3h post-meal 

feelings, control plate (n=37). 
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SECTION IV 

 

 

OBESITY PREVALENCE, PORTION SIZE KNOWLEDGE AND 
CONSUMPTION HABITS OF NON-ALCOHOLIC CALORIC BEVERAGES: A 

CROSS-SECTIONAL ANALYSIS 
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Sample description 

An initial sample of 499 persons accessed the survey, of which 166 respondents were identified as 

eligible and included in the study. All respondents accessed the survey via Google Forms. Of the 166, 

19 respondents completed the survey as part of the SWEET Beverages Study 

(https://sweetproject.eu/), while the remaining respondents accessed and filled the survey after 

responding to an advert of the study in social platforms and via personal contact. 

 

Sociodemographic Characteristics 

Approximately 44% of the respondents were from European countries (Italy, England, Spain and 

Switzerland), while 56% were from non-European countries namely Mexico, Uruguay and Chile. In 

particular, 270 of the respondents were from Chilean origin. 

The final sample (n=166) was mostly composed of women (79%, n=131). About 40% (n=67) of 

respondents were between 25-34 years old and 29% (n=48) were between 18-24 years (Table 1). 

The mean ± SD BMI was in the lean range at 24.7± 4 kg/m2. Most of respondents did not smoke, 

reported consuming alcohol within recommendations (i.e., less than 14 alcohol units per week for 

women and 21 units per week for men), practiced 9 hours or less of physical activity per week and 

85% (n=141) did not follow a diet for health, ethical or religious reasons. Within the 15% (n=25) 

reporting following a diet, the controlled carbohydrate (20%, n=5), low-fat (20%, n=5) and low-calorie 

diets (20%, n=5) were the most frequently mentioned. In terms of eating traits, mean ± SD score of 

the EAT-26 Test was 10 ± 10.3 and most respondents (86%, n=143) scored under 20, indicating an 

absence of symptoms of eating disorders (Table 29). 

 

Table 29. Characteristics of the sample of eligible respondents (all data are self-reported).  

 Participants (n) = 166  
 Participants (n) Percentage (%) 

Sex     
Women 131 78.9% 
Men 35 21.1% 
Age   
18-24 years 48 28.9% 
25-34 years 67 40.4% 
35-44 years 25 15.1% 
45-54 years 16 9.6% 
55-60 years 10 6% 
Smoking   
No 145 87.3% 
Yes, a maximum of 7 cigarettes per week 4 2.4% 
Yes, more than 7 cigarettes per week 17 10.2% 
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Table 29. (Continued)  

 Participants (n) = 166 
 Participants (n) Percentage (%) 
Alcohol consumption Participants (n) Percentage (%) 
No 56 33.7% 
Yes 110 66.3% 
Alcohol units consumed approximately per week   
Less than 14 per week (or less than 2 per day)  97 88.2% 
14-21 per week (or 2-3 per day) 13 11.8% 
More than 21 per week (or more than 3 per week) 0 0% 
Not sure 0 0% 
Physical activity per week   
> 9 h 27 16.3% 
����K 139 83.7% 
Following a diet for health, ethical or religious reasons   
No 141 84.9% 
Yes 25 15.1% 
Types of diets that are followed (n=25 respondents)   
Controlled carbohydrate diet 5 20% 
Low-salt diet 2 8% 
Low-fat diet  5 20% 
Gluten free diet 2 8% 
2WKHU�Á� 15 60% 
Anthropometric data Mean SD 
Weight (kg) 68.6 13.4 
Height (cm) 166 8.8 
BMI (kg/m2) 24.7 4 
EAT-26 Test (0-78) Mean SD 
Mean Score ± SD 10  10.23 
 Participants (n) Percentage (%) 
6FRUH����� 23 13.9% 
Score < 20 143 86.1% 

�Á��,QFOXGHV��/RZ-calorie diet, diet based on personal requirements, intermittent fasting, citrus or spicy free diet, controlled 
carbohydrate and increased vegetable food diet, muscle-building diet, low fat and/or low sugar diet, and eating small portions 
and limiting ultra-processed foods. 
 

Consumption habits of non-alcoholic caloric beverages  

Milk was the type of beverage most commonly consumed overall participants (76%, n=126) followed 

by milk-based beverages (54%, n=89), and juice and fruit/vegetable beverages (43%, n=71). Liquid 

yogurt (39%, n=64), carbonated soft beverages (26%, n=43) and other vegetable beverages (17%, 

n=28) were reported to be consumed less frequently. Non-carbonated soft beverages were the least 

consumed (8%, n=13) followed by rehydrating beverages (10%, n=17). Only 11%  of participants 

(n=18) reported consuming other types of beverages such as alcohol-free beer and flavoured-

sugared water (III. Methods, Appendix III, Question 1a and Figure 44). 



SECTION IV- Results 

 

 231 

 
Figure 44. Percent number of participants reporting consumption of non-alcoholic caloric beverages 

(n=166). 

 

In terms of weekly consumption, milk and derivates, in particular semi-skimmed products, were 

referred to be consumed four or more times a week (21% for semi-skimmed milk and derivatives, and 

19% for skimmed milk and derivatives) while whole milk and derivatives were consumed similarly 

across frequency categories (between 13 and 10% for less than once a week, and 2 or more times a 

week (Table 30)). In addition, amongst participants who consumed vegetable/fruit juices, 32% (n=53) 

consumed them less than once a week and 15% once a week. Carbonated/not carbonated soft 

beverages and fruit beverages were also consumed less than once a week by most respondents 

(28%, n= 47 and 27%, n=44, respectively). 

 

Table 30. Weekly frequency consumption of non-alcoholic caloric beverages (n=166). 

Beverages 
I do not 

drink this 
beverage 

Less than 
1 time a 

week 

1 time a 
week 

2-3 times 
a week 

4 or more 
times a 
week 

100% Vegetable/fruit juices 41% 31.9% 14.5% 6.6% 6% 
Vegetable beverages 78.9% 8.4% 3.6% 3.6% 4.8% 
Fruit beveragesْ 56.4% 26.7% 10.9% 4.8% 1.2% 
Whole milk and derivativesْ 56.4% 13.3% 7.3% 10.3% 12.7% 
Semi-skimmed milk and derivativesْ 52.7% 7.3% 7.3% 11.5% 21.2% 
Skimmed milk and derivativesْ 49.1% 7.9% 10.9% 12.7% 19.4% 
Carbonated/not carbonated soft beverages  50.6% 28.3% 10.8% 6% 4.2% 
Sweetened bottled teaْ 78.8% 15.8% 1.8% 2.4% 1.2% 
Energy beveragesْ 89.1% 8.5% 1.8% 0.6% 0% 
Sports beverages 80.7% 16.9% 1.8% 0.6% 0% 
ْ The number of participants who answered this question is 165 instead of 166 because one participant from the SWEET 
sample did not answer. 
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Regarding daily consumption (III. Methods, Appendix III, Question 4), 37% (n=62) of respondents 

reported consuming 100% vegetable/fruit juices less than once a day, 30% (n=49) consumed 

carbonated/non- carbonated soft beverages less than once a day, and 28% (n=46) did so for 

vegetable/fruit beverages. Consumption of whole milk, semi-skimmed milk, skimmed milk and 

derivatives showed similar percentages for both frequencies, less than once a day (17%, 18%, 14%, 

respectively and once a day 15%, 16%, 19%, respectively) (Table 31)). It should be noted that 

responses varied across the type of beverages, with almost 45% of participants reporting not 

consuming of at least one of the beverages included in the survey.  

 

Table 31. Daily frequency of non-alcoholic caloric beverages consumption (n=166). 

Beverages 
I do not 

drink this 
beverage 

Less than 
1 time a 

day 

1 time a 
day 

2 times a 
day 

3 or more 
times a day 

100% Vegetable/fruit juices 47% 37.3% 12.7% 0% 3% 
Vegetable beverages 79.5% 13.3% 6% 1.2% 0% 
Fruit beverages 62.7% 27.7% 8.4% 0.6% 0.6% 
Whole milk and derivativesْ 59.4% 17% 15.2% 4.8% 3.6% 
Semi-skimmed milk and derivativesْ 53.9% 18.2% 16.4% 7.3% 4.2% 
Skimmed milk and derivativesْ 52.1% 13.9% 18.8% 10.9% 4.2% 
Carbonated/non-carbonated soft 
beverages  55.4% 29.5% 10.8% 2.4% 1.8% 

Sweetened bottled tea 82.5% 13.3% 3% 0% 1.2% 
Energy beveragesْ 89.7% 9.1% 1.2% 0% 0% 
Sports beverages  81.9% 16.3% 1.8% 0% 0% 
ْ The number of participants who answered this question is 165 instead of 166 because one participant from the SWEET 
sample did not answer. 
 

In terms of portion size (III. Methods, Appendix III, Question 5), the amount of beverage most 

commonly reported as being consumed overall was one glass (200-250 ml). The highest percentages 

were identified for 100% vegetable/fruit juices (31%, n=51) followed by skimmed milk and derivatives 

(29%, n=47), fruit beverages (24%, n=39), semi-skimmed milk and derivatives (22%, n=37), whole 

milk and derivatives (20%, n=33), and carbonated/not carbonated soft beverages (20%, n=33). 

However, 13% of respondents reported consuming portion sizes of 1.5 glass for soft beverages 

(Table 32).  
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Table 32. Amount of non-alcoholic caloric beverages consumed at each drinking occasion (n=166).  

Beverages 
I do not 

drink this 
beverage 

Half a 
glass or 

less 
(100-

150ml) 

1 glass 
(200-250 

ml) 

1.5 glass 
(300-375 

ml) 

2 
glasses 
(400-500 

ml) 

2.5 
glasses 
(500-625 

ml or 
more) 

Vegetable/fruit juices (100%) 45.2% 15.7% 30.7% 5.4% 3% 0% 
Vegetable beveragesْ 79.8% 9.7% 10.3% 1.2% 0% 0% 
Fruit beveragesْ 60.6% 9.7% 23.6% 4.2% 1.2% 0.6% 
Whole milk and derivatives 58.4% 18.1% 19.9% 2.4% 1.2% 0% 
Semi-skimmed milk and derivativesْ 52.7% 16.4% 22.4% 6.7% 1.2% 0.6% 
Skimmed milk and derivativesْ 51.5% 13.9% 28.5% 6.1% 0% 0% 
Carbonated/not carbonated soft 
beverages 

53.6% 10.2% 19.9% 13.3% 3% 0% 

Sweetened bottled tea 79.5% 6.6% 7.2% 4.2% 1.2% 1.2% 
Energy beveragesْ 86.7% 4.2% 7.9% 0.6% 0.6% 0% 
Sports beverages 79.5% 4.8% 6.6% 4.8% 3% 1.2% 
ْ The number of participants who answered this question is 165 instead of 166 because one participant from the SWEET 
sample did not answer. 
 

About half of the participants (54%, n=90) reported to consume non-alcoholic caloric beverages along 

with meals. Around 33% (n=55) of participants reported consuming beverages in various contexts; 

29% (n=48) indicated consuming beverages during social events and 24% (n=40) between meals (III. 

Methods, Appendix III, Question 6). Among the options added by participants, breakfast was the most 

common referred occasion (14%, n=24) (Figure 45). 

 

 
Figure 45. Context of consumption of non-alcoholic caloric beverages (n=166). 

In terms of container size (III. Methods, Appendix III, Question 7), the medium familiar size (1-1.5 

Litres) was the most frequent size reported (58%, n = 96) by participants. On the other hand, 32% of 

respondents (n=53) reported choosing an individual/regular container (200-500 ml), whereas large 

containers (> 1.5 Litres) were purchased only by 9% (n=15) of respondents. 
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It is important to highlight that almost 63% (n=60) of respondents reporting choosing a medium 

familiar size container came from Chile. We therefore explored if the origin could be a potential 

confounding variable (Figure 46). Approximately 47% (n=35) of the European sample chose medium 

familiar size (1-1.5 litres), whereas 66% (n=61) of the non-European sample chose that format, 

confirming that family-size formats are more commonly chosen by non-European participants. 

Confirming this trend, individual/regular containers (200-500 ml) were reported by 41% (n=30) of 

respondents in the European sample vs. only by 25% (n=23) in the non-European ones. Large 

containers (> 1.5 litres) were selected by a lower percentage of respondents in both samples. 

 

 
Figure 46. Beverage format by origin: European (n = 74) vs. non-European (n = 92). 

 

The Tetra Pak was the most preferred type of container (48%, n=79) followed by plastic (26%, n=44) 

and glass (18%, n=30). Therefore, the least preferred type was cans (7%, n=12) when buying a 

beverage (Figure 47). 

  

Figure 47. Preferred type of container when purchasing non-alcoholic caloric beverages (n=166). 
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Pleasure/liking was the most important factor when choosing/selecting a beverage followed by 

healthy perception. Several characteristics such as being a local product, high protein beverage and 

non-reconstituted beverage were other elements that participants referred to be decisive in beverage 

choice. Organic product was identified as the least important characteristic showing a median (IQR) 

of 6 (5) (Figure 48). 

 
 The number of participants who answered this question is 164 instead of 166 because two participants from the SWEET ٳ
sample did not answer. 
 
Figure 48. Reasons driving the choice of non-alcoholic caloric beverage (n=166). Scores ranged from 

1 = first or highest importance to 10 = last or lowest importance. 

 

Knowledge and perceived self-efficacy about portion size control 

:KHQ�DVVHVVLQJ� UHVSRQGHQWV¶� NQRZOHGJH�DERXW� VHYHUDO� LWHPV� UHODWHG� WR�SRUWLRQ�VL]H��SDUWLFLSDQWV�
rated their awareness and familiarity with WKH�WHUPV�³VHUYLQJ�VL]H´��³SRUWLRQ�VL]H´�DQG�³UHFRPPHQGHG�

VHUYLQJV´�DV�PRGHUDWH�WR�KLJK��VFRUH�RI���RQ�D��-point Likert scale). They also rated their portion size 

awareness and portion control self-efficacy, across contexts and in particular at home or in social 

events, as neutral to moderate (score of 3-3.5 on a 5-point Likert scale) showing that respondents 

neither agreed nor disagreed with the reported statements (Table 33). 
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Table 33. 3DUWLFLSDQWV¶�VHOI-rated knowledge about portion size terms and portion control self-efficacy 

(n=166). 
Note: 7KH�WHUP�³VHUYLQJ�VL]H´�ZDV�WUDQVODWHG�DV�³UDFLyQ´�DQG�WKH�WHUP�³SRUWLRQ�VL]H´�DV�³SRUFLyQ´� 

Level of agreement / disagreement with the following statements  
(1 = strongly disagree, 5 = strongly agree) 

1-5 Likert scale  
(n=166) 

Median IQR 

a. I consider "serving size" as the amount I usually drink 3 3 

b. I consider "serving size" as the amount I should drink  4 3 

c. I consider "serving size" as the amount served in a glass/cup 4 3 

d. I consider myself familiar with the term "recommended servings" 4 2 

e. I am confident that I can control the portion size of the beverages I consume 

at either social events or at home 
3.5 3 

f. I think I can consume adequate amounts of beverages when I am served 

large portions 
3 3 

g. I am sure I can judge whether a beverage portion is appropriate when I go 

out with other people 
3 3 

h. I consider myself familiar with the term "portion size" 4 2 

 

Perceptions and preference for portion control tools 

A large proportion of respondents (66%, n=109) perceived the use of an educational tool to measure 

and select adequate amounts of non-alcoholic caloric beverages as useful; 23% reported not being 

sure and 11% did not perceive portion control tools as useful (III. Methods, Appendix III, Question 

14). 

The acceptability, ease of use, practicality and fitting within lifestyle scores for of the eight tools 

described in the questionnaire are shown in figures 49- 52 (see III. Methods, Appendix III, for pictures 

and descriptions of each tool). 

Across tools, the calibrated physical glass/plastic bottle, was reported as the most accepted tool (75%, 

n=125) followed by the calibrated glass/cup (70%, n=116), and the physical glass/cup for 1 exact 

serving size of beverage (68%, n=113) (Figure 49). Similar results were found when evaluating ease 

of use (Figure 50), practicality (Figure 51) and fitting within lifestyle (Figure 52). Participants selected 

the same three instruments, showing the highest scores.  
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Figure 49. Acceptability of eight tools described in the survey. Values indicate the percentage of 

participants who gave a score of 4 or 5 on a 5-point Likert scale (n=166). 

 

 

Figure 50. Ease of use of eight tools described in the survey. Values indicate the percentage of 

participants who gave a score of 4 or 5 on a 5-point Likert scale (n=166). 
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Figure 51. Practicality of eight tools described in the survey. Values indicate the percentage of 

participants who gave a score of 4 or 5 on a 5-point Likert scale (n=166). 

 

 
Figure 52. Fitting within lifestyle of eight tools described in the survey. Values indicate the percentage 

of participants who gave a score of 4 or 5 on a 5-point Likert scale (n=166). 
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scores (combining raw scores, from 1 to 5, of  acceptability, ease of use, practicality and fitting within 

lifestyle, with all raw scores from 1 to 5). However, the virtual informative guide (tool number 2 in III. 

Methods, Appendix III, Question 15) was well positioned (mean of all scores = 594 ± 20.6). On the 
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a glass/cup (tool number 7 in III. Methods, Appendix III, Question 15) showed the lowest scores 

overall tools (mean of all scores = 467 ± 49). 

In agreement with the results of the combined scores, the calibrated glass/cup was the most preferred 

tool to try (37%, n=61) followed by the interactive virtual tool (18%, n=29), the calibrated physical 

glass/plastic bottle (14%, n=23) and the physical glass/cup for 1 exact serving size of beverage (10%, 

n=17) (III. Methods, Appendix III, Question 16 and Figure 53). 

 

 
Figure 53. Preferred educational tool to try (n = 166). Values indicate the percentage of participants. 

 

In terms of tool preference for medium/long term use (III. Methods, Appendix III, Question 17) both 

the interactive virtual tool and the calibrated glass/cup (about 24%, n = 39-40 respondents each) 

showed the highest scores/percentages. The next most preferred tool was the calibrated physical 

glass/plastic bottle (18%, n=30), and finally, the physical glass/cup for 1 exact serving size of 

beverage (14%, n=23) (Figure 54). These results coincide with the previous results (combined raw 

scores and tool preference) which indicated that bottles and cups with calibration marks or single unit 

capacity have good potential to be accepted and adhered to. 
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Figure 54. Preferred educational tool to use in the medium/long term (n = 166). Values indicate the 

percentage of participants. 

 

Almost all participants (91%, n=151) referred that the suggested portion control tools could be helpful 

to increase learning and consumption of an appropriate portion size of beverages (III. Methods, 

Appendix III, Question 19). Only, about 7% (n = 11) reported to be not sure about that. On the other 

hand, only 2% (n = 4) of the sample perceived these tools as not helpful. In particular, the interactive 

virtual tool was thought to be the most useful with 25% (n=40) of participants selecting this tool, 

followed by the calibrated glass/cup (20%, n=32). Finally, the calibrated physical glass/plastic bottle 

was also selected by 18% (n=29) of the sample (Table 34). 

 

Table 34. Most useful tool identified by participants who answered finding the tool useful or not being 

sure about it (n=162). 

Tools Participants 
(n) 

Percentage 
(%) 

Interactive virtual tool 40 24.7% 
Glass/cup labelled with volume calibration marks 32 19.8% 
Physical glass/plastic bottle labelled with volume calibration marks 29 17.9% 
Virtual informative guide 17 10.5% 
Physical glass/cup for 1 exact serving size of beverage 14 8.6% 
Physical informative guide 13 8% 
Plastic bottle with measuring cap for 1 exact serving size of beverage 9 5.6% 
Physical instrument marking the appropriate volume that can be used with 
glass/cup 

8 4.9% 

Total  162 100% 
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Concerning perception about the ease of use of the preferred tool in different situations of daily life, 

(III. Methods, Appendix III, Question 20), social events and spare time, out of home eating occasions, 

and travelling scored with a median (IQR) of 3 (2 to 3). On the other hand, home and work/school 

scored with a median (IQR) of 5 (1 to 2) meaning that participants found their preferred tool applicable 

or totally easy to use at home, work or school. Also, some participants reported other situations which 

VFRUHG�ZLWK�D�PHGLDQ��,45��RI�������VXFK�DV�SXEOLF�SODFHV�RU�µRQ�WKH�URDG¶��KRZHYHU�PRVW�RI�WKHP�GLG�

not specify which situation they referred to (Table 35). 

 

Table 35. How the preferred tool is easy-to-use in different situations of daily life (n=166). 

How easy it would be for you to use the preferred tool you 
mentioned before, in these situations (5 = totally easy or 
applicable; 1 = totally complicated or not applicable): 

Participants 
(n) 

Median IQR 

Home ْ 165 5 1 

Work or school  166 5 2 

Social events and spare time 166 3 2 

Out of home eating occasions 166 3 2 

Travelling 166 3 3 

2WKHU�VLWXDWLRQV��Á� 57 4 2 

ْ The number of participants who answered this question is 165 instead of 166 because one participant from the SWEET 

sample did not answer. 

�Á��,QFOXGH��SXEOLF�SODFHV�DQG�µRQ�WKH�URDG¶��QRW�DOO�UHVSRQGHQWV�VSHFLILHG�WKH�VLWXDWLRQ� 

  
Relationship between BMI and consumption habits of non-alcoholic caloric beverages 
(portion size, frequency and format) 

To test the hypothesis that BMI could be a potential covariate that could be associated with 

consumption habits (specially an excess in liquid consumption), the Chi2 Test was applied. The results 

did not show any statistically significant difference for the amount of beverage consumed (in portion 

sizes for drinking occasion), weekly or daily frequency of consumption of non-alcoholic caloric 

beverages across BMI categories (Table 36). Moreover, no statistically significant difference was 

identified either for the type of beverage or format usually purchased across BMI categories, 

suggesting that for this sample, the total amount of beverages consumed may not be associated with 

BMI (Table 37). Nevertheless, trends in several variables were identified, suggesting that a larger 

sample size could reveal significant results (Table 38). 
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Table 36. Distribution of responses for the beverage format usually purchased across BMI categories. 

p-value: categorical variables were analysed using the Chi2 Test. Data are reported as percentage 

(%) of participants calculated within each BMI category. Normal weight was defined based on WHO 

criteria (WHO, 2021) as 18.5-24.9 kg/m2; Overweight/Obesity was defined based on WHO criteria 

(WHO, 2021) DV������NJ�P2. 
Beverage format  BMI category P-value 
  Normal weighta Overweight/Obesityb 

0.23 
Individual/regular container (200-500 ml) 30.3% 34.3% 
Medium familiar size (1-1.5 litres)  58.6% 56.7% 
Large containers (> 1.5 litres) 11.1% 6% 
Others �Á� 0% 3% 
�Á��QR�FRQVXPSWLRQ�DQG�SRZGHUHG�beverage. 
 
 
Table 37. Distribution of responses for how often the label is checked for total volume information 

across sociodemographic characteristics of the sample. P-value: categorical variables were analysed 

using the Chi2 Test. Data are reported as percentage (%) of participants calculated within each BMI 

category, range of age and EAT-26 score group. Normal weight was defined based on WHO criteria 

(WHO, 2021) as 18.5-24.9 kg/m2; Overweight/Obesity was defined based on WHO criteria (WHO, 

2021) DV������NJ�P2. 

Sociodemographic 
characteristics 

How often do you check the label for volume information 

Never or almost never Sometimes Often Always or almost 
always 

p-value 

BMI category          
Normal weighta 36.4% 16.2% 25.3% 22.2% 

0.14 
Overweight/Obesityb 26.9% 23.9% 35.8% 13.4% 

Range of age          
18-24 years 25% 25% 31.3% 18.8% 

0.41 

25-34 years 40.3% 16.4% 28.4% 14.9% 

35-44 years 28% 20% 24% 28% 

45-54 years 43.8% 12.5% 18.8% 25% 

55-60 years 10% 20% 60% 10% 

EAT-26 score          
���� 26.1% 17.4% 39.1% 17.4% 

0.74 
< 20 33.6% 19.6% 28% 18.9% 
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Table 38. Distribution of responses for the amount of beverage consumed, and weekly and daily frequency of consumptions across BMI categories. p-

value: categorical variables were analysed using the Chi2 Test. Data are reported as percentage (%) of participants calculated within each BMI category. 

Abbreviations: NW, normal weight was defined based on WHO criteria (WHO, 2021) as 18.5-24.9 kg/m2; OW, overweight/obesity was defined based on 

WHO criteria (WHO, 2021��DV������NJ�P2. 

  

Vegetable/fruit 
juices (100%) 

Vegetable 
beverages 

Fruit 
beverages 

Whole milk 
and 

derivatives 

Semi-
skimmed milk 

and 
derivatives 

Skimmed milk 
and 

derivatives 

Carbonated/not 
carbonated soft 

beverages 

Sweetened 
bottled tea 

Energy 
beverages 

Sports 
beverages 

  BMI category 
  NW OW NW OW NW OW NW OW NW OW NW OW NW OW NW OW NW OW NW OW 

Beverage amount consumed                   

I do not drink 
this beverage 51.5% 35.8% 79.8% 77.3% 63.6% 56.1% 60.6% 55.2% 58.6% 43.9% 51.5% 51.5% 57.6% 47.8% 82.8% 74.6% 91.9% 78.8% 82.8% 74.6% 

Half a glass or 
less (100-
150ml) 

15.2% 16.4% 10.1% 9.1% 9.1% 10.6% 18.2% 17.9% 12.1% 22.7% 16.2% 10.6% 10.1% 10.4% 7.1% 6% 2.% 7.6% 4% 6% 

1 glass (200-
250 ml) 28.3% 34.3% 10.1% 10.6% 24.2% 22.7% 17.2% 23.9% 20.2% 25.8% 24.2% 34.8% 20.2% 19.4% 6.1% 9% 5.1% 12.1% 3% 11.9% 

1.5 glass (300-
375 ml) 2% 10.4% 0% 3% 2% 7.6% 3% 1.5% 7.1% 6.1% 8.1% 3% 9.1% 19.4% 2% 7.5% 1% 0% 6.1% 3% 

2 glasses 
(400-500 ml) 3% 3% ND ND 1% 1.5% 1% 1.5% 2% 0% ND ND 3% 3% 1% 1.5% 0% 1.5% 2% 4.5% 

2.5 glasses 
(500-625 ml or 
more) 

ND ND ND ND 0% 1.5% ND ND 0% 1.5% ND ND ND ND 1% 1.5% ND ND 2% 0% 

p-value 0.09 0.38ْ 0.42ْ 0.81 0.17ْ 0.25ْ 0.41 0.57 0.08ْ 0.14 

Beverage consumed per week                   

I do not drink 
this beverage 46.5% 32.8% 79.8% 77.6% 58.6% 53% 57.6% 54.5% 58.6% 43.9% 49.5% 48.5% 54.5% 44.8% 81.8% 74.2% 90.9% 86.4% 82.8% 77.6% 

Less than 1 
time a week 32.3% 31.3% 7.1% 10.4% 25.3% 28.8% 17.2% 7.6% 5.1% 10.6% 9.1% 6.1% 25.3% 32.8% 15.2% 16.7% 7.1% 10.6% 13.1% 22.4% 

1 time a week 12.1% 17.9% 3.0% 6% 10.1% 12.1% 5.1% 10.6% 6.1% 9.1% 8.1% 15.2% 14.1% 6% 1% 3% 2% 1.5% 3% 0% 
2-3 times a 
week 7.1% 6% 5.1% 1.5% 5.1% 4.5% 11.1% 9.1% 12.1% 10.6% 11.1% 15.2% 4% 9% 1% 4.5% 0% 1.5% 1% 0% 

4 or more 
times a week 2% 11.9% 5.1% 4.5% 1% 1.5% 9.1% 18.2% 18.2% 25.8% 22.2% 15.2% 2% 7.5% 1% 1.5% ND ND ND ND 

p-value 0.053 0.59 0.96ْ 0.13ْ 0.29ْ 0.43ْ 0.08 0.50ْ 0.53ْ 0.18 
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Table 38. (Continued) 

 Vegetable/fruit 
juices (100%) 

Vegetable 
beverages 

Fruit 
beverages 

Whole milk 
and 

derivatives 

Semi-
skimmed milk 

and 
derivatives 

Skimmed milk 
and 

derivatives 

Carbonated/not 
carbonated soft 

beverages 

Sweetened 
bottled tea 

Energy 
beverages 

Sports 
beverages 

 BMI category 
 

 NW OW NW OW NW OW NW OW NW OW NW OW NW OW NW OW NW OW NW OW 
Beverage 
consumed 
per day 

                    

I do not drink 
this beverage 53.5% 37.3% 81.8% 76.1% 64.6% 59.7% 63.6% 53% 58.6% 47% 51.5% 53% 58.6% 50.7% 85.9% 77.6% 92.9% 84.8% 84.8% 77.6% 

Less than 1 
time a day 31.3% 46.3% 11.1% 16.4% 25.3% 31.3% 17.2% 16.7% 14.1% 24.2% 12.1% 16.7% 29.3% 29.9% 11.1% 16.4% 6.1% 13.6% 12.1% 22.4% 

1 time a day 13.1% 11.9% 6.1% 6% 8.1% 9% 15.2% 15.2% 17.2% 15.2% 22.2% 13.6% 8.1% 14.9% 2% 4.5% 1% 1.5% 3% 0% 
2 times a day ND ND 1% 1.5% 1% 0% 3% 7.6% 7.1% 7.6% 11.1% 10.6% 2% 3% ND ND ND ND ND ND 
3 or more 
times a day 2% 4.5% ND ND 1% 0% 1% 7.6% 3% 6.1% 3% 6.1% 2% 1.5% 1% 1.5% ND ND ND ND 

p-value 0.14 0.78 0.72 0.13ْ 0.38ْ 0.55ْ 0.67 0.56 0.24ْ 0.09 
ْ The number of participants who answered this question is 165 instead of 166 because one participant from the SWEET sample did not answer. 
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Relationship between interest in portion size information and sociodemographic 
characteristics (BMI, age and eating attitudes) 

To test the hypothesis that interest in portion size information may be associated with the 

sociodemographic characteristics of participants, two different analyses were applied: the Chi2 Test 

and binomial logistic regressions.  

Results from the Chi2 test did not reveal any statistically significant difference, indicating that interest 

in information about total volume do not vary across sociodemographic characteristics (BMI 

categories, age groups or EAT-26 score groups) (Table 39).  

On the other hand, the Chi2 Test showed a statistically significant difference for the interest in 

information about serving size volume across age groups (p=0.04) (Table 39). In particular, 

participants in the range 55-60 years were more likely to be often interested in this type of information 

(50% vs. 12%, 22%, 27% for other age groups). In addition, participants in both the range 25-34 years 

(52%) and 45-54 years (50%) were more likely to never be interested in this type of information 

compared to those in the range 55-60 years (10%). 

 

Table 39. Distribution of responses for how often the label is checked for serving size volume 

information across sociodemographic characteristics of the sample. p-value: categorical variables 

were analysed using the Chi2 Test. Data are reported as percentage (%) of participants calculated 

within each BMI category, range of age and EAT-26 score group. Normal weight was defined based 

on WHO criteria (WHO, 2021) as 18.5-24.9 kg/m2; Overweight/Obesity was defined based on WHO 

criteria (WHO, 2021) as �����NJ�P2. 

Sociodemographic 
characteristics 

Serving size info 
Never or 

almost never Sometimes Often 
Always or 

almost always p-value 

BMI category          
Normal weighta 46.5% 18.2% 19.2% 16,2% 

0.13 
Overweight/Obesity b 35.8% 29.9% 25.4% 9,0% 
Range of age          
18-24 years 33.3% 31.3% 27.1% 8.3% 

0.04 
25-34 years 52.2% 11.9% 22.4% 13.4% 
35-44 years 40% 28% 12% 20% 
45-54 years 50% 31.3% 0% 18.8% 
55-60 years 10% 30% 50% 10% 
EAT-26 score          
���� 30.4% 21.7% 34.8% 13% 

0.39 
< 20 44.1% 23.1% 19.6% 13.3% 
 

 

Results of logistic regression showed that checking the label for total kcal content was significantly 

related to the EAT-26 score (E= 0.05; 95CI%: 0.02, 0.09; p< 0.01; OR=1.05; 95CI%: 1.02, 1.09; 
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p<0.01) demonstrating that a higher score on the EAT-26 is associated with an increased frequency 

of verifying the label for the total kcal content. A trend towards significance was also detected between 

likelihood of exploring the total sugar content and the EAT-26 score (E= 0.03; 95CI%: -0.003, 0.06; 

p=0.076; OR=1.03; 95CI%: 1.00, 1.05; p=0.076). Moreover, gender was strongly associated with 

likelihood of examining the label for total volume information (E= -1.00; 95CI%: -1.85, -0.15; p<0.05; 

OR=2.70; 95CI%: 0.016, 0.86; p<0.05). Women showed almost triple the probability of reading the 

labels for total volume than men. In addition to sex differences, age and being engaged in other study 

showed trends towards significance suggesting that being older is associated with giving attention to 

labels (E= 1.39; 95CI%: -0.23, 3.01; p=0.092; OR=4.03; 95CI%: 0.78, 20.37; p=0.92). Similar results 

were found on checking the label for serving size volume information. The logistic linear regression 

revealed a significant relationship with sex by which being a man was associated with less frequency 

to revise information of serving size volume on the product label (E= -1.13; 95CI%: -2.11, -0.16; 

p<0.05/ OR=0.32; 95CI%: 0.12, 0.85; p<0.05). As for the total kcal, a higher score on the EAT-26 

questionnaire was associated with a high frequency of reading the label for serving size information 

(E= 0.03; 95CI%: 0.002, 0.07; p<0.05; OR=1.03; 95CI%: 1.00, 1.07; p<0.05) while a trend was 

detected for older age for the same behaviour (E= 1.32; 95CI%: -0.24, 2.88; p=0.098; OR=3.74; 

95CI%: 0.78, 17.90; p=0.098).  

 

Relationship between preferred tool to try and sociodemographic characteristics (BMI, 
age and sex) 

To explore if preference for the tool to try is associated with sociodemographic characteristics of 

participants, the Chi2 Test and binomial logistic regressions were applied. No statistically significant 

difference was identified for the preferred tool to try across BMI categories, ranges of age and sex 

when assessing with the Chi2 test (Table 40).  

The logistic regressions conducted to assess the relations between tool preference and tool perceived 

as useful revealed that being a participant of the SWEET study was associated with a higher 

probability of selecting virtual tools (such as a mobile app) as the preferred tool to be used for 

medium/long term (E= -1.97; 95CI%: -3.39, 0.56; p<0.01; OR=7.69; 95CI%: 0.03, 0.57; p<0.01).  

Finally, age showed trends towards significance suggesting that being younger is associated with 

perceiving their preferred tool as useful either to try or for medium/long term use (E= -0.84; 95CI%: -

1.83, 0.15; p=0.096; OR=0.43; 95CI%: 0.16, 1.16; p=0.096; E= -1.07; 95CI%: -2.28, 0.13; p=0.08; 

OR=0.34; 95CI%: 0.10, 1.13; p=080, respectively).  
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Table 40. Distribution of responses for the preferred tool to try across sociodemographic characteristics of the sample. P-value: categorical variables 

were analysed using the Chi2 Test. Data are reported as percentage (%) of participants calculated within each BMI category, range of age and sex group. 

Normal weight was defined based on WHO criteria (WHO, 2021) as 18.5-24.9 kg/m2; Overweight/Obesity was defined based on WHO criteria (WHO, 

2021��DV������NJ�P2. 

Preferred tool 

Sociodemographic 
characteristics 

Physical 

informative 

guide 

Virtual 

informative 

guide 

Glass/cup 

labelled with 

volume 

calibration 

marks 

Physical 

glass/cup for 1 

exact serving 

size of 

beverage 

Physical 

glass/plastic 

bottle labelled 

with volume 

calibration 

marks 

Plastic bottle 

with 

measuring 

cap for 1 

exact serving 

size of 

beverage 

Physical 

instrument 

marking the 

appropriate 

volume that 

can be used 

with glass/cup 

Interactive 

virtual tool 
P-value 

BMI category          

Normal weight a 5.1% 10.1% 34.3% 9.1% 14.1% 7.1% 2% 18.2% 
0.79 

Overweight/Obesity b  6% 3.% 40.3% 11.9% 13.4% 6% 3% 16.4% 

Range of age          

18-24 years 8.3% 6.3% 31.3% 4.2% 22.9% 6.3% 4.2% 16.7% 

0.77 

25-34 years 1.5% 9% 34.3% 13.4% 11.9% 7.5% 1.5% 20.9% 

35-44 years 12% 4% 40% 12.0% 8% 0% 4% 20% 

45-54 years 6.3% 6.3% 43.8% 12.5% 6.3% 12.5% 0% 12.5% 

55-60 years 0% 10% 60% 10% 10% 10% 0% 0% 

Sex         
 

0.10 
Male 11.4% 0% 40% 5.7% 22.9% 8.6% 0% 11.4% 

Female 3.8% 9.2% 35.9% 11.5% 11.5% 6.1% 3.1% 19.1% 
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Measure of reliability 

The &URQEDFK¶V� $OSKD� 7HVW� ZDV� FRQGXFWHG� WR� DVVHVV� WKH� LQWHUQDO� FRQVLVWHQF\� RI� WKH� PDLQ�

questionnaire (BPS questionnaire). Alpha values greater than 0.70 establish a high internal 

consistency of a questionnaire (Bujang et al., 2018).  Table 41 shows that the coefficient obtained 

from the calculation made with questions 16 and 17 (both related to tool preference) was of 0.71, 

suggesting a good reliability. On the other hand, calculations made with questions 18 and 20 (both 

related to barriers to use) showed a lower value (0.35) suggesting a wider range of discordant answers 

for this topic. 

 

Table 41. &URQEDFK¶V�$OSKD�FDOFXODWLRQ�PDGH�ZLWK�TXHVWLRQV���-17 and 18-20. For questions 16 and 

17 answers given were the educational tools names. For questions 18 and 20 answers given were 

scores on a 5-point Likert scale (1=very easy or no problem; 5=very difficult or cumbersome and 

5=totally easy or applicable; 1=totally complicated or not applicable respectively).  

Questions Cronbach's Alpha 

If you had to choose one of these tools to try it out, which one 

would be your favourite? (Question 16) 
0.71  

If you had to choose one of these tools for a medium/long term 

use, which one would be your favourite?  (Question 17) 

 

 
How difficult it would be for you to use the preferred tool you 

mentioned before, in these situations: home, 

work/school/university, social events and spare time, out of 

home eating occasions and travelling. (Question 18) 
0.35 

 

 
How easy it would be for you to use the preferred tool you 

mentioned before, in these situations: home, work or school, 

social events and spare time, out of home eating occasions 

and travelling. (Question 20) 
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OBESITY PREVALENCE, PORTION SIZE KNOWLEDGE AND CONSUMPTION HABITS 

OF NON-ALCOHOLIC CALORIC BEVERAGES: A CROSS-SECTIONAL ANALYSIS 
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Table S1. Attributes evaluation of eight tools described in the survey. Values indicate the percentage 

of participants who gave a score of 4 and 5 on a (1-5) Likert scale. The mean of all scores ± SD was 

calculated using the total score reported for each attribute. Each total score was obtained by adding 

up all the raw scores (1-5). 

 Participants (n) = 166 
Tools 

Acceptability Ease of use Practicality Lifestyle 
adaptation 

Mean of all 
scores  
± SD 

Physical informative guide 47% 45.2% 38.6% 33.1% 521 ± 41.2 

Virtual informative guide 63% 57.8% 48.8% 53% 594 ± 20.6 

Glass/cup labelled with volume 
calibration marks 

70% 84.3% 77.7% 63.9% 676 ± 38.2 

Physical glass/cup for 1 exact 
serving size of beverage 68% 73.5% 65.7% 56.6% 631 ± 26.7 

Physical glass/plastic bottle 
labelled with volume calibration 
marks 

75% 81.3% 77.1% 65.7% 686 ± 22.8 

Plastic bottle with measuring cap 
for 1 exact serving size of 
beverage 

54% 55.4% 48.8% 39.8% 557 ± 41.9 

Physical instrument marking the 
appropriate volume can be used 
with glass/cup 

37% 38% 29.5% 22.3% 467 ± 49 

Interactive virtual tool 53% 46.4% 52.4% 39.8% 555 ± 27 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 
 

 

 

                 V. GENERAL DISCUSSION 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



General Discussion 

 

 255 

CURRENT KNOWLEDGE AROUND THE RANGE AND EFFECTIVENESS OF 
PORTION CONTROL TOOLS 

Existing tools and evidence behind their effectiveness 

An extensive variety of portion control tools have been identified and described, although just a few 

of them have been formally tested. Most of the existing trials, identified through the present systematic 

review (M. A. Vargas-Alvarez et al., 2021), included portion control tools such as plates, bowls and 

cutlery of different size or capacity, and to a lesser extent, calibrated tableware. Three previous 

systematic reviews reported conflicting results regarding the impact of reduced-size tableware on 

food portion size intake (Holden et al., 2016; Hollands et al., 2015; Robinson et al., 2014; Zlatevska 

et al., 2014). A fourth review, conducted by Holden et al. (2016), showed a significant effect of plate 

size on served and consumed amounts, (i.e.,  smaller plates resulted on smaller food portion size), 

but only when participants were not aware of the study purpose and when they self-selected the 

portion size instead of being offered a fixed-portion size. These data suggest that the effectiveness 

and the magnitude of the effect of portion control tools on portion size reduction are potentially 

mediated by several variables. Thus, the present work contributed to clarify the role of such variables. 

Tool design (type of tool) was found to be the main covariate regulating portion size-effect (M. A. 

Vargas-Alvarez et al., 2021). Other reported possible confounding variables acting as potential 

modulators on portion size in the literature are the type of strategy (if the tool is used isolated or in 

combination with other strategies), heterogeneous study designs (lab vs. free-living condition, self-

served vs. fixed portion size) and eating context elements such as possibility of refilling the container 

(Pilling et al., 2020), having second helpings (Robinson et al., 2016) or eating to satisfy a pre-defined 

goal (Mishra et al., 2012).   

 

In the present analysis, studies reported less reliable results in portion size restriction/control when 

tableware was used in isolation compared with those studies using the portion control tool as part of 

an intervention (which typically includes nutritional counselling) or in combination with other strategies 

(M. A. Vargas-Alvarez et al., 2021). The simultaneous use of weight-loss strategies can enhance the 

potential effect of any tool although merging different types of tools or strategies in a single 

intervention makes it harder to single out the real effectiveness and impact of a given individual tool. 

Moreover, the eating setting can determine the direction of the effect of portion control tools on intake 

(James et al., 2018; Mishra et al., 2012). In a trial evaluating the impact of cutlery size (spoon or fork)  

for example, people consumed larger portion sizes while eating at a restaurant with a small fork than 

with a standard size fork. This effect was inverted in the laboratory though (Mishra et al., 2012).  

 

Coinciding with previous findings (Almiron-Roig et al., 2020; Holden et al., 2016; Robinson et al., 

2014), tableware size manipulation was not effective in controlling portion size when used as an 
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isolated strategy. On the contrary, differences in study design have been identified as a possible 

factor that can modulate the effect of tool on food intake, particularly, serving methodology (if 

participants self-serve their food or not) (Holden et al., 2016), the type of food used in the study 

(palatable), if the intervention included side dishes (mainly for vegetables) (Rolls et al., 2007), or 

differences in the type of study population (sex, age, ethnicity) (Ayaz et al., 2016). Studies including 

adults did not show any effect of plate and bowl size �.RVƯWH�HW�DO���������/LERWWH�HW�DO���������5RELQVRQ�

et al., 2016; Shimpo and Akamatsu, 2018),  while the ones performed on children detected a 

significant impact (DiSantis et al., 2013; Van Ittersum and Wansink, 2013; Wansink et al., 2014a). It 

is important to highlight that while the portion size effect is better documented in children for smaller 

tableware (Fisher et al., 2013) a high-risk of bias was detected in some studies performed in this 

population (Van Ittersum and Wansink, 2013; Wansink et al., 2014a). Moreover, tableware size 

showed higher effectiveness reducing self-selected serving sizes when children used the tableware 

on a different setting (both at home (DiSantis et al., 2013) and at school (Wansink et al., 2014a)). 

 

The present meta-analysis (MA) detected only weak evidence on the impact of glass shape and size 

on beverages portion size (Pilling et al., 2020). Overall, no striking results were found about the shape 

and size of the glass on portion size consumption or eating behaviour, in agreement with previous 

work (Pechey et al., 2015; Pilling et al., 2020). Pechey et al. (2015) showed significant glass size 

effect describing an increase on daily wine sales of 9.4% when using a larger glass size compared 

with a standard glass size. Contrary to this, Zupan et al. (2017) later showed that participants drunk 

wine more slowly when using larger glasses (compared with the smaller glass) which could decrease 

total amount consumed. A possible explanation in the second study (Zupan et al., 2017) could be that 

participants perceived larger glasses as containing less amount of liquid than standard or smaller 

glasses, even when the same amount was poured in both glasses, which led them to drink more 

slowly; while in the first study, larger containers led to overall higher consumption due to being able 

to hold more liquid. This information needs to be interpreted carefully since inconclusive and contrary 

results were found from the above studies.  

 

Even though nowadays some calibrated tools, both physical glass/plastic bottles and glasses/cups 

are widely available, most of them have not been scientifically tested (Brown et al., 2019; 

Jayawardena et al., 2019; Pedersen, 2007; Yip et al., 2013). Additional studies are needed in order 

to elucidate the impact of different glass sizes and shapes, in combination with calibration marks, on 

beverage consumption. This is particularly relevant in views of the results of the beverage portion size 

survey (described in section IV), which identified calibrated bottles and glasses as the most useful 

portion control utensils for beverages. 
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Amongst the ranges of types of tools evaluated in the present MA, calibrated plates and bowls 

appeared to be the most promising and effective on portion control, although with a small size effect  

(Huber et al., 2015; Kesman et al., 2011; Pedersen, 2007) in agreement with self-reported data from 

a previous field study (Almiron-Roig et al., 2016b). Different designs of calibrated plates were detected 

including plates with printed guidelines (Huber et al., 2015; Kesman et al., 2011; Pedersen, 2007) or 

indented sectors (Hughes et al., 2017). The specific design of a calibrated plate simultaneously 

controls specific meal components that are usually overconsumed (i.e., starch, protein), and 

encourages the user to self-serve larger portion sizes of vegetables and fruits. As a result, the meal 

HQHUJ\�GHQVLW\�GHFUHDVHV�ZKLFK�FDQ�KHOS�ZLWK�UHGXFLQJ�HQHUJ\�LQWDNH�LI�WKH�XVHU�DGKHUHV�WR�WKH�WRRO¶V�

correct use. This dual strategy underlies the educational component of these tools , effectively 

counteracting portion distortion effects (by changes in portion size renormalization) (Robinson et al., 

2014). Beyond calibrated plates, portion-control serving spoons could have a similar impact, although 

only a few studies have explored these tools (Almiron-Roig et al., 2016a; Geier et al., 2006; Rozin et 

al., 2011).  

 

As seen from the results of Section III (acute intervention with a calibrated plate) for an impact to take 

place, the continuous use of portion control tools may be needed by some individuals. Beyond 

boredom or dislike for the tool, this may also be challenging to implement due to lifestyle demands 

(i.e., eating on the go, with relatives, on holiday). The perception of having already learned what 

appropriate portion sizes look like can also affect uptake and adherence (Almiron-Roig et al., 2019). 

On the other hand, calibrated tableware has been reported to be well accepted, perceived as easy to 

use and effective to promote behaviour change in a range of individuals including those with 

overweight and obesity (class I, II and III), diabetes or cardiovascular diseases (Almiron-Roig et al., 

2019, 2016a; Huber et al., 2015; Jayawardena et al., 2019; Kesman et al., 2011). Despite this, its 

impact on learning has often been masked by additional weight management strategies applied 

alongside the tool (Huber et al., 2015; Kesman et al., 2011; Pedersen, 2007). In addition, analyses of 

the effects have been limited to 6 months. Longer-term impact of these type of tools is not known, 

although lack of adherence beyond 3 months is a potential cause of the attenuated impact and 

justification for the scarce evidence assessing long-term effect (Rolls et al., 2017). While having a 

support system in the form of group meetings or more frequent contact with health professionals may 

improve compliance (Ho et al., 2016; Pedersen, 2007), it will also increase resource and financial 

needs.  

Alternative approaches have also been used to control food intake or body weight such as portion-

controlled meals (i.e., ready to eat, pre-packaged meals). These strategies have showed higher 

effectiveness than portion control tools on weight-loss up to 12 months (Hannum et al., 2006, 2004; 

Rolls et al., 2017). However, more rapid weight regain was also reported (Rolls et al., 2017). These 

approaches (ready to eat, pre-packaged meals), do not include educational elements and their use 
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or inclusion in an intervention supposes an increase in the budget since they are more expensive 

(Almiron-Roig et al., 2019). Nevertheless, strategies based on portion control meals (packaging and 

container format) helped reduce dietary energy intake, similarly to using calibrated plates, which could 

increase long-term adherence (Marchiori et al., 2012; Raynor and Wing, 2007; Smethers and Rolls, 

2018).   

Dietary aspects, portion size and energy density, should be considered and incorporated in all new 

approaches (Zuraikat et al., 2018). In addition, new tools should be designed in order to improve and 

increase learning for appropriate portion size, since none of the existing strategies seemed to 

enhance portion size awareness (M. A. Vargas-Alvarez et al., 2021). To achieve this goal, strategies 

involving technology, such as electronic tools, web-based or mobile technologies (e.g. smartphone 

apps) have been proposed as potential educational tools that could enhance awareness and learning 

what recommended portion sizes look like, with the aim of improving portion size behaviour  (Brown 

et al., 2019; Kroeze et al., 2018; Poelman et al., 2015, 2013; Riley et al., 2007; Rollo et al., 2017; 

Rolls et al., 2017; Soureti et al., 2011). The use or incorporation of web-based, virtual (mainly 

augmented reality), computer or mobile  technology in nutritional studies may result in an increase in 

the user´s nutritional knowledge which may improve eating behaviour. Technology-based tools have 

shown potential effectiveness providing useful nutritional information (food composition, portion 

control strategies, healthy dietary behaviour, etc.) and improving nutritional knowledge. However, 

additional  development (improvement of the tools) and research to validate their efficacy is needed 

(Berryman, 2012; Brown et al., 2019; DiFilippo et al., 2015; Rollo et al., 2017).  

 

Portion control tools for meals  

Our analysis of published data to date suggests that calibrated plates are the most promising tools 

for controlling food portion size for solid foods (M. A. Vargas-Alvarez et al., 2021). However, the 

specific mechanisms by which calibrated plates and other tableware may act are still unclear. One 

possibility is that the actual plate design and the presence of demarcations increases awareness of 

appropriate portion size at the time of serving and/or consumption, acting as an educational element. 

Such visual cues could come either from the actual tool or from the food once placed on the plate and 

act as anchors for future consumption (Marchiori et al., 2014). 

 

Despite the demonstrated effectiveness of calibrated tools, especially calibrated plates and bowls, it 

is still necessary to improve their design to potentiate their impact on eating behaviour and weight 

loss. Studies assessing long-term effect and adherence, beyond 3 months, are still scarce and 

present challenges (Smethers and Rolls, 2018). Adjustments of the strategies or interventions based 

oQ�IRRG�RU�FXOWXUDO�SUHIHUHQFHV�DQG�XVHU¶V�OLIHVW\OH�FRXOG�HQKDQFH�DQG�H[WHQG�WKH�DGKHUHQFH�WR�WKH�
tool. Likewise, including additional educational elements, encompassing clear instructions, improving 
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the versatility of the tools for mixed meals, dry food, spreads, out of home use, and for other family 

members, and avoiding deprivation feelings could have a beneficial impact on tool adherence 

(Almiron-Roig et al., 2019; Smethers and Rolls, 2018).  

Calibrated plates have been mostly examined in adult populations and often under laboratory 

conditions. Controlled studies do not always contemplate second helpings and may overstate actual 

effects due to participants being exposed to constant guidance (Almiron-Roig et al., 2019). Moreover, 

laboratory measures of eating behaviour are artificial and cannot always be generalised to real-world 

behaviour, although they allow precise and accurate measurements. Previous literature described 

that eating setting play an important role in eating behaviour and that exposure to different 

environments could resulted in different consumptions patterns (DiSantis et al., 2013; Gough et al., 

2021; James et al., 2018; Mishra et al., 2012; Wansink et al., 2014b). Portion size showed a larger 

influence on food intake when participants ate at home (relaxed setting) compared with the lab-

setting; participants consumed greater amount of popcorn in real-world condition vs. lab-condition 

(Gough et al., 2021). These suggests that laboratory-settings results/measurements underestimate 

the impact of portion size on food intake in daily living. Despite a clear difference was detected 

between relaxed vs. naturalistic setting, no significant variation was found in food intake between 

standard and semi- naturalistic laboratory settings. Thus, conducting studies designed to resemble a 

home setting could be a good strategy to assess the impact that portion size and portion control tools 

have on food intake in every-day life (Gough et al., 2021).   

Due to their educational component, we hypothesized that calibrated plates could improve memory 

for portion sizes previously selected. The underlying concept is that these tools may prompt users to 

pay additional attention to portion size while eating generating a lasting visual memory of the 

distribution of the various foods on the plate (Figure 6 in Introduction; (Vargas-Alvarez et al., 2022)) 

(Almiron-Roig et al., 2019; Haynes et al., 2020b, 2020a; Robinson and Kersbergen, 2018). For 

instance, depth, shape and capacity of the tool or container could modulate the user perception of 

food portion size and could guide providing a visual reference of the amount to be consumed. This 

may in turn potentiate learning and, eventually, help  recalibrate perceptions of what a normal serving 

of that specific food is (portion size norms) (Almiron-Roig et al., 2016a; Hollands et al., 2015; Robinson 

et al., 2016).  

 

Portion control tools for beverages  

Nine studies (Almiron-Roig et al., 2019; Britton et al., 2016; Clarke et al., 2019; de Beukelaar et al., 

2019; Mantzari et al., 2020; Pechey et al., 2017, 2016, 2015; Zupan et al., 2017), one review (Hollands 

et al. 2015) and one mega-analysis (Pilling et al., 2020) were detected addressing portion control of 

beverages. Most of them evaluated the impact of different container or glass size only in alcoholic 

beverages. These studies mainly assess the impact of glass size or shape on wine or beer 
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consumption. We found no evidence evaluating the impact of portion control tools specially designed 

for soft beverages although several validated or published tools, covering a range of items related to 

portion size knowledge and consumption habits for beverages have been described (reviewed in 

Dennis et al., 2009; Quiroz-Arcurio, 2019; Vargas-Alvarez et al., 2021). Based on the lack of data, a 

new survey was developed for this work and administered on-line to collect information on personal 

attitudes, consumption habits and knowledge related to portion sizes of non-alcoholic caloric 

beverages, plus on the impact of product presentation features that may influence perception of 

beverage portion size in adults. These data can be used to guide on the design of potential tools that 

may help individuals control portion sizes of energy-yielding beverages in future studies. 

The collected data showed that, portion sizes for the most commonly consumed beverages and daily 

as well as weekly frequency of consumption were quite low in this specific sample. A large portion of 

the sample accessed the questionnaire through a post in Instagram from a popular Chilean 

nutritionist, suggesting that most of respondents were health-oriented or with an interest in nutrition, 

plus a majority (69.3%) were 18-34 years old (28.9% were 18-24 years old; 40.4% were 25-34 years 

old).   

Evidence from the literature showed that sociodemographic characteristics, such as origin, sex, age 

and BMI, and environmental factors affect or sugar- sweetened beverages (SSBs) consumption (Guo 

et al., 2021).  An association was also confirmed between higher SSBs consumption frequency, 

weight gain and obesity risk from previous studies (Hu, 2013; Lin et al., 2020). Therefore, the large 

proportion of women mainly young and lean, which corresponds to a 79% of the total sample and with 

no eating disorder symptoms), could explain the low consumption frequency of SSBs (one glass or 

200-250 ml, for less than once a day and/or less than once a week). In addition, the survey sample 

was mainly composed of people from Chile (54%, n = 89) where in the last years strict public health 

measures have been implemented to decrease SSBs consumption. The Chilean government has 

imposed an additional tax (13% to 18%) for non-alcoholic sweetened beverages to reduce obesity 

(Bascuñán and Cuadrado, 2017; Nakamura et al., 2018). Also, Europeans (almost 45% of the 

sample), especially Italians and Spanish, tend to consume smaller amounts of SSBs than North-

Americans and Latin-Americans (Barrio-Lopez et al., 2013; Malik and Hu, 2022; Singh et al., 2015). 

The survey did not reflect trends in other countries such as Mexico and US, probably due to the small 

proportion of participants from these countries, yet regular consumption of soft beverages, specifically 

SSBs in the US and Mexico is high and has a significant impact on the prevalence of overweight and 

obesity (Ferretti and Mariani, 2019). 

 

In agreement with previous studies conducted in the Spanish population (Nissensohn et al., 2016), 

milk was the type of beverage most commonly consumed across all respondents. Studies focusing 

on consumption in other populations (Australia, Canada and US) reported a lower milk intake 

compared with SSB consumption �³$XVWUDOLDQ�+HDOWK�6XUYH\�´�������*DUULJXHW��������1LNSDUWRZ�HW�
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al., 2012; Rehm et al., 2016). Different variables could explain the results. For example, educational 

level has been closely related with specific food and beverage consumption (Drewnowski et al., 2019; 

Drewnowski and Rehm, 2015). A study conducted in South Korea showed that highly educated 

people are likely to consume more milk (3.6- 8.6 kcal more per day) compared with people reporting 

lower educational levels (Han et al., 2013). This trend however, was not detected in other countries, 

specifically in US (Rehm et al., 2008). On the other hand, including milk-based beverages into the 

diet is perceived as healthy which could lead to overconsumption and contribute to excess of energy 

intake if the milk is not of a low-fat content (Berkey et al., 2005).  

Participants belonging to the SWEET sample reported high educational level overall, particularly 

university education. As education level, a higher interest in healthier eating habits and nutritional 

issues have been associated with higher socioeconomic status (Alkerwi et al., 2015; James et al., 

1997; Smith and Brunner, 1997). A large proportion of online respondents were health-oriented which 

could suggest that the education level was homogeneous across the total sample. These 

sociodemographic characteristics or sample profile, could explain why milk is the most preferred and 

consumed beverage. 

 

The type of beverage container may also be seen as important not only for nutritional aspects, but for 

environmental reasons. Manufacturing and recycling of food packaging has gained great importance 

in recent years. Whereas in the past people  reported glass containers as the most preferred type of 

beverage container, nowadays people prefer Tetra Pak as it has a lower carbon footprint than other 

materials such as plastic, aluminium and glass �³$� JXLGH� WR� HQYLURQPHQWDOO\� IULHQGO\� beverages 

SDFNDJLQJ�´������ therefore it is seen as having a reduced environmental impact and promoting a 

sustainable food system (Tepper et al., 2020). 

 

&RQVXPHU¶V�EHYHUDJH�FKRLFH�LV�QRW�RQO\�LQIOXHQFHG�E\�WKH�W\SH�RI�FRQWDLQHU�WKRXJK�SULFH�DQG�KHDOWK�

are also relevant factors conditioning beverage selection (Orzan et al., 2018). The present survey 

results showed that pleasure/liking, and not health, was the most important factor for beverage´s 

choice coinciding with previous studies and indicating that the attractiveness of beverages lies in their 

sweetness and refreshing power, (Redondo et al., 2014). Consequently, palatability may offset cost 

and health-related barriers to consumption, at least in this sample of respondents. 

 

5HJDUGLQJ�DZDUHQHVV�DQG�IDPLOLDULW\�ZLWK�WKH�WHUPV�³VHUYLQJ�VL]H´� ³SRUWLRQ�VL]H´�DQG�³UHFRPPHQGHG�

VHUYLQJV´��SDUWLFLSDQWV�UDWHG�WKH�FRQFHSWV�DV�PRGHUDWH�WR�KLJK��,W�LV�LPSRUWDQW�WR�KLJKOLJKW�WKDW�LQ�6SDLQ�

both terms, portion size and serving size, may be translated into the same word depending on the 

context (i.e., term ³UDFLyQ´��� WKXV�GLIIHUHQW�TXHVWLRQV�ZHUH� LQFOXGHG�� �2QH� IRU� ³SRUWLRQ�VL]H´�DV� ³WKH�

DPRXQW�,�XVXDOO\�GULQN´��DQG�RQH�DV�³WKH�DPRXQW�VHUYHG�LQ�D�JODVV�FXS´��/LNHZLVH��D�KLJK�DYHUDJH�

VFRUH����RXW�RI����ZDV�REWDLQHG�ZKHQ�FRQVLGHULQJ�D�³VHUYLQJ�VL]H´��³UDFLyQ´) as the amount they should 
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consume. It is important to highlight that serving sizes are recommended by manufacturers and do 

not necessarily reflect official guidelines (Lewis et al., 2012). On the contrary, respondents seemed 

to be less confident about their portion size awareness and portion control self-efficacy in different 

situations. Being exposed to increased portion sizes could distort the perception of the appropriate 

amount to consume (Livingstone and Pourshahidi, 2014) which may explain people´s doubts or 

insecurity about portion size awareness when being exposed to different situations. Fast et al. (2015) 

also showed that women were less confident than men in their ability to control portion sizes, 

coinciding with the results from our sample which is mainly composed of women. 

Information provided by the nutritional label of a product plays a fundamental role in beverage and 

food choice. Therefore, the survey evaluated the frequency and interest of participants to check the 

product label for nutritional information. Results showed a strong association between age and 

gender, by which being older and female was associated with paying more attention to labels. Young 

participants and men seemed to be less interested in this type of information than the older ones. 

While Zhang et al. (2016) found similar results showing that the use of serving size information 

increased with age, Miller et al. (2016) highlighted an age difference in the attention to serving size 

information. Contrary to our findings, Miller et al. (2016) showed that American older adults reported 

to pay less, rather than more, attention to food label compared to younger adults, however the 

mentioned study included older participants (adults 20-80 years old vs. our study population aged 18-

60 years) which could condition the results. Moreover, a high score on the EAT-26 questionnaire was 

also significantly related to examining labels in order to obtain or be aware of the total volume as well 

as for serving size, total kcal and sugar content information. This may be associated with the fact that 

a higher score on the eat-26 could indicate having a greater concern and interest towards food and a 

healthy diet. A recent study showed that nutrition and health aspects were the main predictor for 

reading food labels �%U\áD�������.   
 

A promising finding from this survey was that 66% of participants reported to perceive the use of 

educational tools as helpful for selecting appropriate beverages portion size. Amongst all the 

proposed tools (eight), the calibrated glass/cup and the interactive virtual tool were identified as the 

most preferred tools to try and use in the medium/long term. In agreement, a previous study using 

interactive tools for portion size estimation showed that participants found them as useful and easy 

to use tools (Riley et al., 2007), However, respondents in our survey assigned low ratings to the 

acceptability, ease of use, practicality and lifestyle of virtual interactive tools (Rollo et al., 2017). This 

apparent contradictory result may reflect the fact that interactive instruments may initially appear 

attractive, but later suffer from discontinued use because they depend on access to an electronic 

device with, typically, a screen size that may not allow comfortable reading, making it difficult to use. 

No evidence has been found about adherence to virtual tools in the long term.  
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On the other hand, the calibrated physical glass/plastic bottle showed the highest percentages of 

preference, ease of use, practicality and lifestyle compatibility among tools. Despite the fact that this 

type of tools is widely available, most of the available formats are not self-explanatory and do not 

contain guidance on how to integrate them in a healthy lifestyle, making them either difficult to use or 

not perceived as necessary. 

 

The development and implementation of this survey provides useful information for future tool 

developments, although several limitations were detected. One of the main limitations was the internal 

inconsistency for questions related to context which requires a new formulation and testing in a further 

study. The cross-sectional nature of the study precludes analysis of cause-consequence effects 

limiting the generalisation of the results. In addition, all data (anthropometric data, data about eating 

traits, and data related to preferences, amounts consumed, frequency and moments of consumption) 

were self-reported which may involve either over or underestimation of effects. Considering the nature 

of the sample (health-oriented, mostly women) the results need to be interpreted carefully since it 

could influence tool preference or general perception. The imbalance in the gender ratio, in 

combination with the low inclusion of people with obesity, makes the extrapolation of results to the 

general population should be done with special caution. 

Further surveys are needed including participants that are not healthy-oriented to assess the potential 

perception of beverages portion control tool and consumption habits in this group.  

Finally, the findings support the need to test the tools in a controlled study, previous to a field study, 

where their effectiveness can be confirmed at a population level. 

 

METHODOLOGICAL CHALLENGES AND SOLUTIONS TO IMPROVE 
PORTION SIZE RESEARCH 

Strengths and limitations of the validated methodological platform 

Developing a successful methodological platform is a big challenge that needs meticulous control of 

all the variables. However, it provides global information about food intake processes and at the same 

time gives detailed information of potential mechanisms and eating behaviour parameters 

(mechanistical, cognitive, metabolic and behavioural variables). This allows the integration of all the 

results to globally comprehend the eating process. 

The main strength of the new combined methodological platform, described in this thesis, (which 

integrates eye-tracking technology with meal micro-structural analyses (meal eating behaviour), 

memory assessment and subjective and hormonal satiety responses)) is that it allows to measure 

and collect eating behaviour data in real time and with high precision. Therefore, the obtained data 

can provide useful information to help gain a better understanding of the mechanisms involved in 

overeating and obesity in a manner that could not be achieved by assessing these individual 
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components separately with existing methodology. Cognitive and physiological determinants of eating 

behaviour could not have been determined using measures captured in isolation due to the nature 

and temporal association of the processes involved in food consumption. The validation study 

demonstrated the feasibility of combining and synchronizing different technologies to assess a wide 

range of variables in real time during actual intake of a portion-controlled meal. Despite all the positive 

aspects previously describes, several challenges were identified which are discussed below, 

alongside the specific contribution of each platform component.  

 

Eye-tracker device 

Eye-tracker devices have been recently used in food behaviour studies (Bollen et al., 2020; van der 

Laan et al., 2017; Werthmann et al., 2011) but just a few of them have applied it during actual food 

consumption. The incorporation of eye-tracking methodology has allowed researchers to measure 

gaze movement as a proxy for visual attention, providing a useful contribution to the study of eating 

behaviour. Nonetheless, analysing video data from wearable devices is typically difficult to manage 

and interpret. Portable eye-WUDFNHUV�UHFRUG�WKH�JD]H�SRVLWLRQ�LQ�UHIHUHQFH�WR�WKH�XVHU¶V�SRLQW�RI�YLHZ��
instead of using the target stimulus (MacInnes et al., 2018). While these eye-trackers allow analysis 

of visual attention directed to 3D objects such as food on a plate, natural head movements during 

eating will interfere with feature matching algorithms in Automatic Gaze Mapping. Besides, while 

eating, food areas and plate size and shape are constantly changing, being a dynamic stimulus. This 

is opposed to traditional studies using instead of static food images or constant-size stimuli shifting 

position (Holmqvist and Andersson, 2017; van der Laan et al., 2017; Werthmann et al., 2011). The 

dynamic nature of eating in combination with closely located AOIs such as the menu used in this 

study (Orquin et al., 2016) affected both manual and automatic coding processes which in turn could 

lead to false positives. In addition, eye-trackers can generate an extensive amount of data, making it 

necessary to develop bespoke image coding protocols to avoid false positives, and to interpret and 

make adequate conclusions.  

 

Universal Eating Monitor  

The platform featuring an optimized UEM resulted in a much lower proportion of erroneous outputs 

compared with the traditional version, since the new design included an anti-vibratory system that 

reduced the background vibration mainly caused by participants movement. The combination of the 

UEM with an eye-tracker device allowed a covert observation of participant�ғs actual behavior while 

eating. The recordings from eye-tracker world camera allowed identifying related issues to the UEM, 

and study procedures in real time, which helps to optimize study protocols. 

Despite the optimized UEM station increased the valid outputs, it remains limited in its portability since 

it requires a specific infrastructure and users are asked to sit and eat in a particular way. The UEM 
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needs considerable expertise to be operated (Kissileff et al., 1980; Yeomans, 2018), which adds to 

the necessity to improve the portability and flexibility of the device. Moreover, if blood extractions 

RYHUODS�8(0�PHDVXUHV��WKLV�FRXOG�PRGLI\�SDUWLFLSDQWV¶�VSRQWDQHRXV�HDWLQJ�EHKDYLRXU��HVSHcially, bite 

size and eating rate. Sensitivity analyses performed in our validation study showed a slight effect on 

the bite size only in women with normal weight, however this effect was of small magnitude (i.e. less 

than 1 gram; bite size changed from about 3 g with blood draws to about 4 g without blood draws). 

This effect could be a result of asking participants to make an artificial meal pause during the 

extraction. To dimmish the possible inference of blood draws on eating behaviour parameters it is 

necessary be cautious, follow strict protocols and have good coordination by the team members. In 

particular, highly-controlled logistics are needed, especially for blood draws, since the procedure 

requires at least 2 investigators (for the actual extractions and for addition of inhibitors to the sample).  
  

Memory software 

Results obtained with bespoke software developed to assess episodic memory for recent portion 

sizes showed satisfactory consistency between the portions selected with the tool and actual portions 

consumed during the meal (3 h earlier). The correspondence was preserved across foods and serving 

plates, suggesting that the software can be applied in multiple contexts. In addition, its success is 

likely due to the fact that the process of selecting a portion on a screen tend to mimic the process of 

choosing a portion size in real life. Moreover, most participants agreed that the task was intuitive and 

ease to use. Consistent with these, we can be reasonably confident that the tool provides a way to 

record memories for portion size, although inter-subject variability was high.  

Despite high quality outcomes were obtained, the software the software only allows to recreate the 

portion in two dimensions. The development of tools incorporating three dimensions (depth) will 

provide a more realistic recreation of portions and will better simulate the process of real-world 

portion-size selection and could reduce bias estimation for amorphous or liquid foods (Hernández et 

al., 2006). 

 

Strengths and limitations of the current intervention study 

The evaluation of the effect of a new portion control instrument, adapted to the Mediterranean 

population, through a new combined methodological platform, allowed a detailed analysis about the 

possible mechanisms by which the exposure to predefined portion size cues (calibrated plate) impact 

on PS choice, PS intake and other eating behaviours. In particular, the current intervention validated 

the new calibrated plate and collected multiple information of biological, behavioural and 

psychological variables in real time during an eating episode carried out under controlled conditions. 

Further, the cross-over study design helped decrease inter-individual variability which is typically high 

in behavioural studies (Wellek and Blettner, 2012). As a result of the application of controlled protocols 
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multiple covariates could be taken into account and adjusted as necessary during the statistical 

analyses. 

The inclusion of blood samples in the methodological platform provides an innovative factor since no 

other studies have incorporated blood measures in conjunction with the eye tracker and UEM before. 

In addition, sample size for the blood measures was larger (n=31 women of which 17 with overweight 

or obesity)  than the ones described in the literature as well as the inclusion of women with and without 

overweight. For example, Lasschuijt et al. (2020), included 20 participants all with normal weight to 

study the effects of oro-sensory exposure and eating rate on satiation and associated endocrine 

responses (insulin, glucose, PP, and ghrelin). Cassady et al. (2012) included a larger sample size 

(n=50) to evaluate the cognitive and sensory contributions of differential post-ingestive responses 

(glucose, insulin, ghrelin, GLP-1, CCK degradation) to liquid and solid food loads, but the total sample 

size was composed by participants with 4 different conditions (lean/fit, lean/unfit, obese/fit, or 

obese/unfit) reducing the sample size to 12-13 participants per condition. Moreover, despite Cassady 

et al. (2012) described two groups as obese/fit, or obese/unfit, the study effectively only included 

participants with overweight since having a BMI above 27 was an exclusion criteria.  

In addition, this is one of the few works examining the cephalic phase response to ingestion of a full 

meal as opposed to single foods.. (Cassady et al., 2012, 2009; M. P. Lasschuijt et al., 2020). 

Moreover, most of the studies evaluate the relation between only one or two  eating behaviour 

variables (either eating rate, satiation, appetite, bite size or number of chews) and the endocrine 

response to understand the physiologic responses to food exposure (Cassady et al., 2012, 2009; M. 

Lasschuijt et al., 2020). Isolated measurements of single eating behaviour measures may only reflect 

one part of the process though. 

To address this problem, in the current intervention, a wide range of variables were studied such as 

demographic and anthropometric, behavioural, metabolic and cognitive variables plus the possible 

interaction between them. Additionally, the influence of BMI, age and eating traits, among others, was 

explored.   

 

To our knowledge, this is the first study where the eyetracking is used to measure eating behavior 

during a real meal. Contrary to previous studies (Wang et al., 2018; Werthmann et al., 2011), where 

it was used only while participants looked to food aids or while serving, in our study participants wore 

the tobii pro glasses 2  while they were actually eating. 

 

Another strength to highlight was the use of a cover story to avoid participants being aware that their 

intake was being monitored, which has been identified as a factor that could alter participants 

behaviour (Robinson et al., 2014c).  Moreover, our data on portion size norms suggest that 

participation effects were present (e.g. subjects reported self-serving smaller amounts in the lab than 

habitually at home), which needs to be considered when interpreting the results. 
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Despite these strengths, the study also has some limitations. First, the reported results correspond 

only to women, limiting the extrapolation to just one sector of the population. Due to the extent of this 

work, we did not report the results from a small sample of men (n=11) that were also included in the 

intervention and which will be published separately.  In addition, participants were told that the study 

was about healthy eating. Despite not mentioning portion size though, this message may have 

prompted differences in portions selected as some individuals may be knowledgeable about the 

importance of portion size in relation to healthy eating as well as induce potential for selection bias 

including weight- or health-conscious participants.      

Some of the components of the new platform could also be improved. Versatility/flexibility is one of 

the identified weak points since some of the included devices are limited to laboratory settings (e.g. 

UEM). In addition, the protocol required that participants followed specific instructions on how to sit 

and consume food as well as wearing/ using bulky gadgets (e.g., eye tracking). These demands could 

influence participants´ eating behaviour since some people may notice that they are been 

observed/studied (Holden et al., 2016). 

The study did not include a no food intake condition; however, fasting values were measured for all 

parameters which were then used in the adjusted models.  

Last but not least, the sample size for the memory test may not have been sufficient or the intra-

subject variability was too high to allow for detection of significant plate effects on recalled PS. 

In summary, the intervention provided a complete and overall view of the acute effect of a specific 

portion control tool on eating behaviour parameters on a laboratory setting. The inclusion of a 

substantial sample size of women allowed us to perform subgroup analysis by BMI detecting new 

findings in relation to the impact of body weight status on eating parameters. 

 

IMPACT OF A PROTOTYPE PORTION CONTROL PLATE (CALIBRATED 
PLATE) 

Insight into new mechanisms of action of portion control plates 

The calibrated plate improved meal micro-structural parameters when compared with an ordinary 

plate of the same material, particularly reducing bite size (by 0.3 g) and eating rate (by almost 2 g/min) 

and showed a differential effect in the hormonal cephalic satiety response depending on body weight 

status. Specifically, lean women showed a different level of responsiveness to the calibrated plate 

compared with women with overweight and obesity, suggesting that portion control strategies and 

interventions should consider individual differences in the level of responsiveness. Contrary to our 

initial hypothesis, the calibrated plate did not improve memory for portion size of any of the previously 

selected foods. Although an improvement in portion sizes was detected in both BMI groups, women 

with normal weight reported a stronger impact of the calibrated plate on eating behaviour, particularly 
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showing a significant reduction on total food served and consumed (approx. 30 g), amount of rice 

eaten (23 g), eating rate (0.8 g/min) and bite size (0.5 g) .  

Besides, a substantial percentage of participants (66%) of the initial sample responded to the plate 

calibrated plate, mainly seen in a portion size and energy intake restriction, when compared with the 

control plate, although the effect did not extend beyond meal-time. In a sub-sample of 19 women, 

10% reported partial compensation and 53% overcompensation at the next meal, consuming more 

calories at dinner, without evidence for any specific craving. This suggest that reach beneficial body 

weight control, a continued use of the tool may be required, or other types of support need to be 

incorporated. 

The percentage of non-responders could be a result of the participation effect. The study was carried 

out in a laboratory setting which could alter or reflect biased eating behaviour, when using both plates 

(Gough et al., 2021). Evaluating the use of a portion control plate vs. a control plate in a relaxed 

environment that simulate real-world conditions could investigate the real effect of the portion control 

plate and confirm if an isolated exposure to it is insufficient to detect beneficial effects. Previous 

studies have not reported data or analysis about responders and non-responders. The existing 

evidence has mainly focused on the overall effect of the portion control plate without considering this 

condition (Jia et al., 2022; M. A. Vargas-Alvarez et al., 2021). 

Despite the potential impact of portion control tools being reasonably described, the mechanisms by 

which they may modulate portion size and food consumption are still unknow. Most of the existing 

trials assessed the impact of smaller plates and bowls (Holden et al., 2016; Robinson et al., 2014; 

Zlatevs.ka et al., 2014) as a main strategy. One of the potential proposed mechanisms states that 

visual cues could be determinant and modulator factors on the portion size effect (Bilman et al., 2017; 

Jia et al., 2022). Visual cues could encompass food per se, as well as tool design elements such as 

plate demarcations in calibrated plates, providing visual references for appropriate amount to choose. 

This in turn may generate unconscious feedback to the user about food portion sizes for all meal 

components (by increasing vegetables and reducing protein and carbohydrates portion size for 

example) (Hughes et al., 2017; Zuraikat et al., 2019, 2018) and work as an anchoring element 

(Marchiori et al., 2014). On the other hand, the tool design may directly work during food serving and 

later intake by physically restricting the amount of food available throughout the meal (Almiron-Roig 

et al., 2016a, 2015). This could not only favour food-specific portion size restriction, but also could 

improve meal distribution inducing changes in meal energy density by shifting the proportion of low 

vs. high-energy dense foods (Smethers and Rolls, 2018).  

Across the evidence, most of the studies with calibrated plates included the use of these plates as 

part of a weight loss intervention rather than evaluating the effect of an acute exposure. Only one trial 

conducted by Hughes et al. 2019 used a similar study design to the one described in this thesis. 

Despite both studies reporting a reduction in selected food portion sizes when using the calibrated 

plate ( we detected a 7% reduction, i.e. approx. 40 calories fewer), the magnitude of the effect was 
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different, especially on the rice portion size. We observed a reduction of 20% on the rice portion size, 

compared with the 40% reported by Hughes et al. 2017. This difference could be due to plate design 

variations. While our plate consisted in printed demarcations, the plate used by Hughes et al. (2017) 

has physical serving size indicators (as hollows) for grains/starches, protein, and fruit/vegetables. 

These reduce the usable plating area compared with the printed sectors and can create different 

visual/optical illusions (McClain et al., 2014; Wansink and van Ittersum, 2013). 

Regarding meal micro-structural parameters, previous studies reported that the use of a calibrated 

plate resulted in a reduction of both eating rate and bite size (known to have a strong impact on food 

intake) (Almiron-Roig et al., 2015; Burger et al., 2011; Hawton et al., 2018; Peter Herman et al., 2015). 

A change in food oral processing/ oro sensory exposure, mainly a slower eating rate, could 

significantly contribute to variability in endocrine response and satiety. Likewise, prolonging the time 

of the meal as a result of a slow eating rate could also enhance meal attention and favour the encoding 

of the memory of a meal, which in turn could reduce the amount that is subsequently ingested 

(Lasschuijt et al., 2020; Parent, 2016). Contrary to this assumption, no improvement in memory was 

detected when using the calibrated plate. The error rate for memory for portion sizes of previously 

selected foods, was similar on both plates (calibrated and control plate). Variability across subjects 

could explain this result as BMI did not come up as a conditioning factor, suggesting that an unknown 

extrinsic element could play a crucial role. Moreover, the isolated impact of each micro-structural 

variable in food intake is difficult to determine since bite size and eating rate are interrelated 

(Lasschuijt et al., 2020). Considering the study design and methodologies is essential to avoid 

misinterpretation of the results. For example, exposing participants to a portion size excessively larger 

than normal could discourage eating and not be representative of real-life conditions (Lasschuijt et 

al., 2020). 

Further, studies have reported an association between oral processing and variability in the cephalic 

phase response, especially in blood glucose and insulin levels, beyond a reduction in the amount of 

starch consumed (Cassady et al., 2009; Lasschuijt et al., 2020). When analysing CPR across all the 

women, no impact of  plate condition was detected on glucose or insulin levels. Probably, insulin and 

glucose levels are more susceptible to changes in carbohydrate load (amount of rice consumed), 

which was not large enough, than to sensory aspects (Lasschuijt et al., 2020). Overall women insulin 

levels were 50-60% higher from baseline in the control condition (larger PS of rice) vs. no more than 

20% higher in the calibrated plate condition.  

Besides, other cephalic markers have been associated with fullness and eating behaviour 

parameters, such as ghrelin and PP, although conflicting evidence exist on their real relevance (M. 

Lasschuijt et al., 2020).  We identified substantial, although small, increases in PP levels from baseline 

in conjunction with a reduction on bite size and eating rate associated with the use of the calibrated 

plate, but only when analysing by BMI category. This suggests opposite responses for lean vs. non-

lean women that could be mainly driven by the differences found in oral processing (slow eating rate 
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and reduced bite size) which directly contributes to variability in endocrine responses (Cassady et al., 

2012, 2009; M. Lasschuijt et al., 2020). When using the calibrated plate, lean women showed higher 

PP concentrations during the first 10 min after food ingestion compared with women with overweight. 

Lasschuijt et al. (2020) postulate that food liking could explain inconsistencies in the cephalic 

response or PP levels, establishing that pleasantness could elicit cephalic phase responses. This 

effect is unlikely in our participants, as we made sure in the screening session that they liked the meal 

(a minimum score of 40/100 was required), although small individual differences in liking may have 

been sufficient to generate variability in the cephalic response.  

Other recent studies related a high level of PP with fast eating and larger amounts of food  (M. P. 

Lasschuijt et al., 2020). Contrary to this, we detected greater PP peaks with smaller PS and with 

slower ER, suggesting that differences in sensory modalities such as the total amount of exposed 

food on the plate or visual aids, which are necessary to elicit CPRs in humans, could impact the 

cephalic phase response for PP (CPPPR) (M. Lasschuijt et al., 2020; M. P. Lasschuijt et al., 2020; 

Yeomans et al., 2016). 

 

Ghrelin has been associated with meal initiation, rather than in meal ending processes such as 

satiation (M. Lasschuijt et al., 2020). Contrary to CPPPR, ghrelin levels were higher amongst the 

women with overweight, in the same time period (first 10 min since meal onset), but differences 

disappeared when fasting levels were considered (CFB). A consistent CPR-related secretion of 

ghrelin driven by a cognitive factors, as perceiving the served portion size in the calibrated plate as 

too small (agreeing with lower expected satiety ratings), is difficult to determine (Cassady et al., 2012; 

Alia J Crum et al., 2011).  

From a clinical point of view, these results show that an acute portion size restriction may fail to induce 

lasting changes in habits.  Perceiving the served portion size as too small or insufficient could increase 

hunger signals that could promote overconsumption (Alia J Crum et al., 2011; Yeomans et al., 2016). 

Instead or longer-lasting results, approaches should focus on reducing the energy density of meals, 

by reducing portion sizes of energy-dense foods while increasing the serving of vegetables (Rolls et 

al., 2017; Zuraikat et al., 2019, 2018).  

 

Lastly, visual fixation time was used in this study as a proxy for meal-directed visual attention and 

analysed in a sub-sample of 37 participants. Linear mixed effects models examining the impact of 

plate only in a sub-sample of 21 women (n=8 NW; n=13 OW) who attended to both visits revealed no 

differences on gaze fixation time during the first minute of the meal, either over the whole meal or by 

area of interest (rice, meatballs, vegetables and border) between plate conditions.  When comparing 

means of each area of interest between plate conditions (t-test), of a sub-sample of the total sample 

size including six men (NW) and 31 women (n=8 NW; n=23OW), participants spent more time looking 

at the rice with the control plate than they did with the calibrated plate. This could be due to the fact 
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that the amount of rice served in the control plate was larger (English et al., 2015, 2017). In addition, 

visual attention may have been modulated by intrinsic aspects such as knowledge of nutritional 

properties and macronutrient composition (Del Gatto et al., 2021; Wang et al., 2018) and extrinsic 

aspects related to the food presentation (Almiron-Roig et al., 2020).  

 

On the other hand, when evaluating within each plate, participants spent more time looking at the 

vegetables than any other AOI. This contradicts the results obtained by (Doolan et al., 2014; Wang 

et al., 2018; Werthmann et al., 2011, p. 201), who associated longer gaze fixations to high energy 

density foods, being vegetables low energy density food (Hummel et al., 2021). One possibility is that 

a longer fixation on vegetables responds to the location of the vegetables, which were always placed 

in the upper part of the plate, inducing a greater visual fixation. Previous studies conducted to evaluate 

the effect of food placement on the shelf have revealed that elements placed at the top of the label 

were viewed more (Gidlöf et al., 2017; Graham and Jeffery, 2011). Another possible factor inducing 

a longer fixation on vegetables is that participants served and consumed more vegetables than rice 

and meatballs, therefore the physical area that vegetables occupied was larger. 

 

Concerning the relation between visual fixation and episodic memory, correlation analyses revealed 

that the use of the calibrated plate was likely to enhance memory for the served rice portion size but 

not for the other foods. Since these analyses only indicate an association, it cannot be confirmed that 

the improvement in memory is strictly due to visual attention mechanisms. In addition, as no impact 

on memory was detected by plate type, if visual attention acted as a mechanism of action, it must 

have mediated longer fixation time in both plates irrespective of memory effects. 

 

Furthermore, visual fixation and served amounts showed a significant association only for meatballs 

when using the calibrated plate suggesting that sensory properties (colour, shape, texture, etc.) and 

nutritional characteristics of food generate more intense responses in the initial period of food 

exposure, thus being able to stimulate greater visual fixation (Appleton et al., 2021). This effect was 

not found for the control plate, therefore it could not be attributed solely to the characteristics of this 

food; plate characteristics, particularly its colourful markings and illustrations, could also increase 

visual fixation on the meatballs (Del Gatto et al., 2021). On the contrary, when using the control plate, 

a greater visual fixation was associated with rice portion size, coinciding with previous results which 

showed a positive association between food portion size and gaze fixation (Hardman et al., 2021; 

Werthmann et al., 2014). 

Finally, participants showing longer fixation time on the vegetables referred lower hunger feeling and 

higher satiety sensations at 3 hours after the meal in both plate conditions. As Chambers et al. (2015) 

described that consumer´s cognitive and sensory experience could determine satiety sensations. A 
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larger gaze fixation (cognitive) and being vegetables high fibre foods (sensory), could increase and 

extend satiety feelings.  

 

OVERALL CONTRIBUTION OF THIS WORK, IMPLICATIONS FOR 
CLINICAL, RESEARCH AND PUBLIC HEALTH STRATEGIES 

The contribution of this work to the field of eating behaviour can be summarised and consolidated 

through several aspects. First, it provides new insights about the breadth and effectiveness of existing 

portion control tools in managing amounts chosen and consumed, either for food or beverages; as 

well as the potential of these tools to educate on portion size and induce weight loss. Second, this 

work extends  our understanding on the potential mechanisms by which exposure to predefined portion 

sizes while using a portion control tool (calibrated plate), influence food portion size and other eating 

behaviours associated with overeating and obesity. Third, the present work represents the first controlled 

intervention reporting real time, simultaneous measures of different parameters related to food 

consumption in response of an acute exposure to visual stimuli (e.g., meal micro-structural 

parameters, gaze movements, endocrine responses, episodic memory). The use of a novel 

methodological platform specifically designed for this purpose allowed a unique exploration of eating 

behaviour interrelated processes in lean women vs. women with overweight and obesity. The overall 

results shed light into the mechanisms involved in  portion size control. Namely, cognitive mechanisms 

(e.g. favouring meal attention and portion size perception for appropriate amounts), behavioural 

mechanisms (e.g. reducing food portion sizes potentially by improving meal eating habits such as eating 

rate and bite size), and physiological mechanisms (e.g. modulating the cephalic-phase satiety 

response). The present work also helped explain individual variations, mainly differences driven by BMI, 

in the response to obesogenic environments (exposure to large portion sizes of food) which could lead 

to improved personalised interventions. The incorporation and evaluation of the new combined 

methodological platform may help optimise the design of future interventions exploring coping strategies 

to overcome prompts to overeat, without compromising satiety and acceptability of the meal. 

These findings have the potential to allow knowledge transfer to the industry, particularly improving the 

design of existing dietary tools, the nutritional composition and packaging of pre-cooked meals and 

support strategies for weight loss commercial programmes. These results could also be applied to the 

development/optimization of new health technologies to improve lifestyle and life quality.  

Finally, these outcomes might help health professionals, researchers and policy makers with the 

identification of future targets for public health, plus tailored selection of the appropriate methodology and 

portion control tool based on the targeted aim, type of  population or individual characteristics/needs. 
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CONCLUSIONS  

 
1. Portion control tools, including combinations of reduced- size bowls and spoons plus calibrated 

tableware (but not reduced-size plates) can promote the reduction of food serving sizes and 

eaten amounts both in acute settings and when including them along other strategies as part 

of weight-loss trials. To be effective, portion control tools must enhance awareness of 

appropriate portion sizes, be easy to use and practical. Therefore, technology-based tools and 

calibrated tableware appear to be promising strategies for improving portion size knowledge 

and overall eating behaviour. 

 

2. The novel combined methodological platform developed as part of this thesis (integrating 

measures of visual attention, meal micro-structure, memory, and satiety) provides accurate 

data and a detailed analysis of eating behaviour processes under controlled laboratory 

conditions. The new platform showed a significant improvement in meal micro-structural 

parameters from published data by minimizing background noise. Future implementations 

should consider reducing interference between measures as well as increasing the platform´s 

practicality and versatility (i.e., so that it can be transferable to other contexts examining 

integrated real-time measures of human behaviour). 

 

3. A portion control plate with visual stimuli for appropriate portion sizes of main food groups 

(starch, protein and vegetables) reduced self-served and consumed portion sizes by an 

average of 40 kcal/meal, mainly from starchy food, and promoted a healthier eating style (by 

reducing eating rate and bite size), especially in lean women. 

 

4. The effectiveness (impact) and mechanisms of action of the portion control plate was mediated 

by portion size restriction and depended on individual body weight status (BMI). These 

individual differences also influenced meal eating behaviour and cephalic phase hormonal 

responses. Findings suggest a role for pancreatic polypeptide in the cephalic phase response, 

and perhaps of ghrelin in individuals with overweight and obesity, which might counteract the 

potential benefit of portion control tools in this population. 

 

5. The newly developed on-line survey allowed the collection of data related to personal attitudes, 

consumption habits and knowledge related to portion sizes of non-alcoholic caloric beverages 

in adults. In this context, tools which provide immediate feedback to the user in regards to 

beverage portion size, specially the physical glass/plastic bottle labelled with volume 

calibration marks and a virtual interactive tool, were the most accepted, and perceived to be 
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easier to use, practical and fitting within one ´s lifestyle. These data must be considered for 

the improvement or design of new tools to control the consumption of energy-yielding 

beverages. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                           VII. ANNEX  
(PUBLICATIONS RELATED TO  THIS THESIS)



 

 



Annex (Publications related to this thesis) 

 279 

 

.nutrients 

Revieu; 

Impact of Portion Control Tools on Portion Size Awareness, 
Choice and Intake: Systematic Review and Meta-Analysis 

M. Angeles Vargas-Alvarez 1•2, Santiago Navas-Carretero 1•2•3•40 , Luigi Palla 5•60 , J. Alfredo Martínez 2•40 
and Eva Almiron-Roig 1,2,3,,.C!!) 

check for 
updates 

Citation: Vargas .. Alvarez, M.A.; 

Navas-Carretero, S.; Palla, L ; 

Martfnez, J.A.; Almiron .. Roig, E. 

lmpact of Portion Control Tools on 

Portien Sizc Awareness, Choice and 

Intake: Systcmatic Review and 

Meta .. Analysis. Nutrients 2021, 13, 

1978. https:/ /doi.org/10.3390/ 

nu13061978 

Academic Editor: Tilman Kühn 

Reccived: 30 March 2021 

Accep ted: 15 May 2021 

Published: 9 )une 2021 

Publisher's Note: MDPI stays neutral 

with regard to jurisdictional claims in 

published maps and institutional affiJ .. 

iations. 

© 
a 

Copyright: © 2021 by the authors. 

Licensee MDPI, Basel, Swilzerland. 

This article is an open acccss art:icle 

distributcd under thc tcrms and 

oonditions of lhc Creative Commons 

Attribution (CC BY) license (https:/ / 

crcativccommons.org/ liccnses/ by / 

4.0/). 

Center for Nutrition Research, University of Navarra, 31008 Pamplona, Spain; 
mvargas.l@alumni.unav.es (M.A.V.-A.); snavas@unav.es (S.N . .C.) 
Departrnent of Nutrition, Food Sdence and Physiology, Faculty of Pharmacy and Nutrition, 
University of Navarra, 31008 Pamplona, Spain; jalfmtz@unav.es 
Navarra Institute for Health Research (IdiSNa), 31008 Pamplona, Spain 
OBERobn, Obesity and Nutrition, Instituto de Salud Carlos III, 28029 Madrid, Spain 
Departrnent of Public Health and Infectious Diseases, University of Rome La Sapienza, 00185 Rome, Italy; 
luigi.palla@uniromal.it 
Department of Medica) Statistics, London School of Hygiene and Tropical Medicine, London WClE 7HT, UK 
Correspondence: ealmiron@unav.es; Tel.: +34-948-425-600 

Abstrae!: Portion control utensils and reduced size tableware amongst other tools, have the potential 
to guide portion size intake but their effectiveness remains controversia!. This review evaluated the 
breadth and effectiveness of existing portion control tools on leaming/ awareness of appropriate 
portion s izes (PS), PS choice, and PS consumption. Additional outcomes were energy intake and 
weight loss. Published records between 2006-2020 (n = 1241) were identified from PubMed and 
WoS, and 36 publications comparing the impact of portion control tools on awareness (n = 7 studies), 
selection/ choice (n = 14), intake plus related measures (n = 21) and weight status (n = 9) were analyzed. 
Non-tableware tools included cooking utensils, educational aids and computerized applications. 
Tableware included mostly reduced-size and portion control/calibrated crockery / cutlery. Overall, 
55% of studies reported a significant impact of using a tool (typically smaller bowl, fork or glass; or 
calibrated plate). A meta-analysis of 28 articles confirmed an overall effect of too) on food intake 
(d = - 0.22; 95%CI: - 0.38, - 0.06; 21 comparisons), mostly driven by combinations of reduced-size 
bowls and spoons decreasing serving sizes (d = - 0.48; 95%CI: - 0.72, - 0.24; 8 comparisons) and 
consumed amounts/ energy (d = - 0.22; 95%CI: - 0.39, -0.05, 9 comparisons), but not by reduced-size 
plates (d = - 0.03; 95%0: - 0.12, 0.06, 7 comparisons). Portion control tools marginally induced weight 
loss (d = - 0.20; 95%CI: -0.37, -0.03; 9 comparisons), especially driven by calibrated tableware. No 
impact was detected on PS awareness; however, few studies quantified this outcome. Specific portion 
control tools may be helpful as potentially effective instruments for inclusion as part of weight loss 
interventions. Reduced size plates per se may not be as effective as previously suggested. 

Keywords: portion size; portion control tool; portion size awareness; tableware; weight loss 

l . Introduction 

Large por tion sizes (PS} increase consumption, and eating smaller por tions is rec
ommended as a weight con trol strategy [1- 3]. However, many people report difficulties 
enacting this advice [4]. While wider changes in the food environment may be needed 
to impact on por tion control at the population level, sorne food- and individual-leve! 
strategies have shown promise, includ ing the use of portion-con trolled meals, reduced 
pack sizes, modified tablewa:re, attentive eating and portion control strategies as part of 
weight management programmes [S]. Traditionally, educational aids to guide portion sizes 
have been used as part of su ch programmes; however, most of these aids are image or 
text-based [6-10) and deeme<l to be of limited effect [11,12), in part d ue to inconsistent 

Nutrients 2021, 13, 1978. https://doi.org/10.3390/nu13061978 https:/ /www.mdpi.com/journal/ nutrients 
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Abstract 
To fully understand the causes and mechanisms involved in overeating and obesity, measures of both cognitive and physi
ological determinants of eating behavior need to be integrated. Effectively synchronizing behavioral measures such as mea! 
micro-structure (e.g., eating speed), cognitive processing of sensory stimuli, and metabolic parameters, can be complex. 
However, this step is central to understanding the impact offood interventions on body weight. In this paper, we provide an 
overview of the existing gaps in eating behavior research and describe the development and validation of a new methodologi
cal platform to address sorne of these issues. As part of a controlled tria!, 76 men and women self-served and consumed food 
from a buffet, using a portion-control plate with visual stimuli for appropriate amounts of main food groups, ora conventional 
plate, on two different days, in a random order. In both sessions participants completed behavioral and cognitive tests using 
a novel methodological platform that measured gaze movement (as a proxy for visual attention), eating rate and bite size, 
memory for portian sizes, subjective appetite and portion-size perceptions. In a sub-sample of women, hormonal secretion 
in response to the mea! was also measured. The novel platform showed a significan! improvement in mea! micro-structure 
measures from published data (13 vs. 33% failure rate) and high comparability between an automated gaze mapping protocol 
vs. manual coding for eye-tracking studies involving an eating test (ICC between methods 0.85; 90% CI 0.74, 0.92). This 
tria! was registered at Clinical Trials.gov with ldentifier NCT03610776. 

Keywords Portion-control plate · Satiety ·Universal Eating Monitor· Automatic Gaze Mapping ·Portian size memory 
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lntroduction 

Obesity is a global health problem with a complex etiology, 
in which eating behavior plays a central role (EASO, 2019; 
World Health Organization, 2020). For example, there is 
currently good evidence that people tend to eat more and 
gain weight when exposed to large portion sizes (Hollands 
et al., 2015; Rolls, 2014; Zlatevska et al., 2014), and that 
improving portian-control behavior at the time of serving 
and eating, when preparing meals or when shopping, could 
help curb the obesity epidemic (Steenhuis & Poelman, 2017; 
Vermeer et al., 2014). However, despite the application of 
individual-leve! strategies and even wider environmental 
approaches, achieving long-lasting portian control remains 
a challenge (Almiron-Roig, Farde, et al., 2019a; Rolls et al., 
2017). This fact underscores the need for a better under
standing of human eating behavior, and in particular, around 
portion size choice. 
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and overweight or obese pregnant women 

Laitinen. K. '; Merikivi, A.2; Muhli, E. '; Koivuniemi, E.' 
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' Department of Statistics, University ofTurku, Turku, Finland 

Introduction: Selection of mobile apps for recording health-related vari
ables is thriving. These apps may provide motivation for improving life 
style habits including food consumption and exercise, although scientif
ic research in this area is scarce. Health advancing lifestyle is importan! 
during pregnancy as it has been related to the well-being of both moth
er and child. A particular challenge is how to motivate overweighl and 
obese pregnant women to follow the recommended dietary and exercise 
patterns. Mobile apps, in addition to the usual maternal health clinic fol
low-up visits could provide a benefit. The aim of the present study was to 
evaluate the usability of a mobile app for recording lifestyle variables and 
to explore the differences between normal weight and overweight or obese 
pregnant women. 
Methods: Pregnant women were enrolled to the study through announce
ments in social media. The women (n = 1047) interested in the study re
ceived a link to download a health-related app for recording a range of 
lifestyle related variables. A separate electronic questionnaire was sent to 
the women to inquire background data, height and weight prior to preg
nancy and dietary quality by a validated index. Summary statislics regard
ing the use of app were collected from the app recordings data and com
bined with the questionnaire data. SAS 9.4 software was used for handling 
and analyzing data. 
Results: In total 746 {71.5%) pregnant women downloaded the app and 
591 {79.2%) of these women recorded at least one type oflifestyle variable 
in the app. The number of recordings in the app ranged from 1 to 4651, 
the median being 18 recordings. The most common recording was eating 
frequency {23. l % of ali recordings), followed by water consumption, fruit 
consumption, vegetable consumption and mood. Duration of recordings 
ranged from 1 day to 44 weeks, the mean being 4 weeks. The proportion 
of women who recorded their lifestyle for 4 weeks or longer was higher 
for women (24.8%) with good diet quality, compared to those with poor 
diet quality (18.2%; p = 0.042). The proportion of overweight and obese 
women {15.3%) who used the app for 4 weeks or longer was lower than 
the respective proportion of normal weight women (21.6%; p = 0.013). 
Conclusion: Overweight and obese pregnant women appeared to act 
somewhat differently to that of normal weight women in recording life
style ha bits to an app. Overall, at least 4-weeks recording of lifestyle vari
ables to the app was related to a better dietary quality with reference to 
that recommended for healthy eating. 

POl.121 
lmpact of tableware visual cues on portian size, meal micro
structure and the satiety response in lean and overweight 
women 

Vargas M A 1; Martínez, J. A. '; Brunstrom, J. M.'; Navas Carretero, S. 1; 

A/miran Roig, E. ' 

'Centre for Nutrit ion Research, University of Navarra, 31008 Pamplona, Spain 
' School of Psychological Science, University of Bristo1, Clifton BSS 1TU, United 
Kingdom 

Introduction: Studies indicate that portion-control plates have the poten
tial to reduce food intake. How·ever, the process by whkh they 1noderate 
mea! size remains unclear. 
Objective: To understand the effects of a calibrated plate ( with separa te 
sectors and depictions for starch, protein and vegetables) on portion con
trol, satiety, memory formation, and mea! micro-structure, in women. 
Methods: Forty-seven women (53% overweightiobese, 43±13 y old), self
served and ate a mea! in the laboratory, once with a calibrated plate and 
once with a conventional (control) plate, in random order. On both days 
the mea! comprised rice, meatballs, and vegetables, plus ( optional) water, 

130 Obes Facts 2019;12{suppl 1):1-290 

bread and fruit. Eating behaviour was monitored with a Universal Eating 
Monitor. Memory for portions consumed was assessed at 3-h using be
spoke computer software. Pre- and post-mea! appetite ratings were taken 
using an electronic VAS. Cephalic (blood pancreatic polypeptide (PP), 
insulin) and intestinal (ghrelin) satiety responses were measured in a sub
group of 13 women. Effects of plate type ( calibrated or control) were tested 
with paired samples !-tests or Wilcoxon Sing-Rank tests. 
Results: Mean±SEM amounts served (291.4±2.7 vs. 319.6±6.2 g) and 
consumed (282.2±2.9 vs. 308.3±6.5 g) were smaller with the calibrated 
compared with the control plate, especially consumed r ice (69.7±3.4 vs. 
85.0±4.4 g) (p<0.01 forall comparisons). Bite size (4.7±0.0 vs. 5.1±0.0 g; 
p<0.05) and eating rate {30.1±0.l vs. 30.7±0.4 g/min; p<0.01) were also 
reduced but only in lean women. Fullness ratings were higher for the con
trol plate only immediately post-mea! {84.1±0.2 vs. 86.3±0.8 mm; p<0.05). 
Using the calibrated plate did not improve memory for portion size (high 
inter-individual variability detected). Blood PP levels (but not glucose, 
insulin or ghrelin) 5 min after starting the mea! were higher with the cal
ibrated plate (Median±IQR 296±392.9 vs. 233±209.6 pg/ml; p<0.05) in 
unadjusted models. 
Conclusion: The calibrated plate reduces portion serving sizes and it pro
motes an eating style with reduced bite size and eating rate. Potentially, it 
also enhances the cephalic satiety response. 

Contlict of Interest: Platc and rice donations wcrc received from Precise Portions 
NLS, USA and Herba Ricemills, Spain. 

Funding: Research funded by the Government ofNavarra (grant PT028) and 
CIBERobn, Spain. 
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Chronotype may positively correlate with body mass index 
among Chinese young adults: a pilot study 
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University, Chengdu, P.R. China 
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Paderborn 

Background: Limited studieo havc explored the association bctwecn 
chronotype, social jetlag and body composition among Chinese, the aim 
of this study is to investigate the association between chronotype, social 
jetlag and body mass index among Chinese young adults. 
Method: 447 healthy nonsmoking Chinese young adults aged 18-25 years 
old were included in this study. Information about chronotype and social 
jetlag was obtained from self-reported Munich Chronotype Question
naire (MCTQ). Body mass index (BMI) was calculated from self-reported 
height and weight. Data were analyzed by adjusted multivariate linear re
gression models. Models were adjusted for gender, physical activity, eat
ing timing and eating duration, study burden, sleep duration and light 
exposure. 
Result: Among ali parlicipants, 268 {59.96%) were female, 228 (51 %) 
were from Sichuan province. The average chronotype was 4:14 (1:12), and 
around half of participants experienced with social jetlag. About three 
fifth subjects suffered from chronic sleep deficiency and average body 
mass index was 19.9 (2.8) kg/m'. Chronotype was found cor related with 
BMJ in spcarman corrclation (rs - 0.10, P - 0.03). In multivariatc linear 
regression models, we found that lower eating duration and later brealcfast 
timing may enhance the relationship between chronotype and log-trans
formed BMI (~ = 0.009, SE = 0.003, P = 0.007). In final model, chrono
type was positively correlated with log-transformed BMI (~ = 0.009, SE= 
0.003, P = 0.02) after controlling for ali covariates in previous models and 
social jetlag. However, social jetlag was not statistically correlated with 
BMI in ali 5 models. 
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Abstract: This project aimed to identify weight-related perceptions in 
adults from different countries using a scale developed by Robinson et al. U 
Health Psychol, 2020). Participants were 560 men, from Czech Republic 
(CR. n=70), Lebanon (LB, n=253). Singapore (SG, n= 145) and UK (n= 92), 
mean age: 34.2±13.9 years, self-reported BMl range: 16.18-56.94 kg/m2, 
participants living with overweight (37%) or obesity (25%). Perceptions 
that 'Participants can control their own weight', 'Overweight has negative 

Abstrae!> 

Abstract: Consumption of energy-yielding beverages (EYB) has been 
linked to increased risk far obesity and associated conditions. While 
portian control tools far salid meals are proliferating, tools to help with the 
control of liquid calories are notably lacking. To infarm the design of future 
educational and/or practica! tools to help with liquid energy over
consumption, we developed and pilot-tested an on-line questionnaire to 
collect data on consumer traits plus attributes from non-alcoholic EYB that 
may influence beverage portian size perception and intake. The 20-item 
questionnaire was based on faur previously published questionnaires and 
a review of the literature, and included a section on non-alcoholic EYB 
portian size knowledge and consumption ha bits, plus a section on portian 
control tool preference and usability. After verifying content validity and 
initial piloting in 12 volunteers, an improved version was tested on-line in 
a sample of 194 Spanish-speaking volunteers, across Spain, USA. Mexico 
and Latin-America (36% response rate). lnternal consistency was explored 
in the 70 returned questionnaires showing moderate correlation far 
questions related to instrument preference (0.67) but low far questions 
related to context in which the instrument may be used (0.33). These as
pects have been revised in a subsequent version of the questionnaire 
which will be re-tested far interna! consistency and applied in a larger, 
representative sample of respondents. 
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their family, opportunity challenges (e.g .. time, access to resources, envi
ronmental stressors) mean this is not always practica!. Healthy eating in
terventions should not assume parents lack motivation and should be 
sensitive to the context within which parents make feeding decisions. 
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Abstract: lndividuals may reject entomophagy, the consumption of in
sects, due to feetings of disgust. This study explored if participant trait 
sensation seeking (the tendency to seek novelty and take risks) moderated 
the effectiveness of two narratives to reduce disgust towards entomoph
agy. Oisgust was operationalised as the quantity of falafels consumed. 
Participants (N = 78) were randomly allocated to one of three conditions. 
Those in Familiarity and Sustainability conditions were told the falafels 
contained ground mealworms (though they did not) in narratives which 
outlined a ) how mealworm 'flour' is produced and b) sustainability ad
vantages of entomophagy, respectively. Those in a Control condition read a 
neutral narrative. All participants completed the Revised Sensation 
Seeking Scale (Zuckerman, 1979). There was an interaction between 
sensation seeking and condition far falafel intake (p = 1.18, p < .01 ). Par
ticipants in the Sustainability condition with average (± 1 SO of mean) or 
low (> 1 SO below mean) trait sensation seeking ate less t han those in the 
Control and Familiarity conditions. This reduced intake did not persist 
among participants in the Sustainability condition scoring high (> 1 SO 
above mean) in trait sensation seeking. As entomophagy was only 
accepted among individuals willing to take risks, and engage in novel 
behaviour, perhaps insects need to be widely perceived as low-risk and/or 
familiar befare they can be integrated into the Western diet. 
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