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Abstract 1 

Background: Does food reward increase or decrease during weight management attempts? Excessive 2 

food intake is the main behavioural determinant of obesity; therefore, a better understanding of food 3 

reward and its relationship with food intake and weight outcomes could contribute to more effective 4 

weight management solutions.  5 

Methods: This systematic review assessed the role of changes in food reward (directly or indirectly 6 

measured) during weight management interventions. Four databases were searched for articles 7 

published until April 2018 involving weight management interventions (all types and designs) in 8 

healthy adults with overweight or obesity.  9 

Results: Of 239 full-text articles assessed, 17 longitudinal studies were included. Twelve studies 10 

reported a significant change in food reward over time. When compared to control interventions, 11 

dietary, pharmacological, behavioural and cognitive interventions were effective in decreasing liking 12 

and/or wanting for high-energy food using a range of methodologies to assess food reward. Three 13 

studies reported that decreased food reward was associated with improved weight management 14 

outcomes. 15 

Conclusion: Food reward appears to decrease rather than increase during weight management 16 

interventions. Future studies specifically targeting the hedonic aspects of food intake (liking/wanting) 17 

are needed to gain a better understanding of how to uncouple the obesogenic relationship between food 18 

reward and overeating. 19 

PROSPERO Registration number: CRD42017081209 20 

Abbreviations 21 

BMI: body mass index, fMRI: functional magnetic resonance imaging, VAS: visual analogue scale, 22 

LFPQ: Leeds food preference questionnaire, FPQ: food preference questionnaire, MIIT: moderate 23 

intensity interval training, MICT: moderate-intensity continuous training, HIIT: high intensity interval 24 

training, RCT: randomised controlled trial, BIS: bio impedance spectroscopy, ADP: Air displacement 25 

plethysmography, DXA: dual-energy X-ray absorptiometry, TFEQ: three factor eating questionnaire 26 

  27 
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Introduction 28 

Increasing obesity rates have necessitated a multidimensional approach to the investigation of weight 29 

management (1, 2). Control over energy intake is a central component of weight management and is 30 

influenced by the cross-talk between homeostatic and hedonic systems in the brain (3, 4). In the current 31 

obesogenic environment, characterised by an abundance of highly palatable food, hedonic influences 32 

tend to determine food choices, which frequently leads to excessive energy intake (5, 6). Hereafter, food 33 

intake refers to all examples of eating especially when qualitative aspects are being measured, while 34 

energy intake is reserved for occasions where energy is actually measured (kcal). The susceptibility to 35 

overeat when given access to palatable food varies among people according to their eating behaviour 36 

traits such as disinhibition (7) or binge eating (8). Food reward can be defined as a mechanism that 37 

guides eating behaviour and represents “the momentary value of a food to the individual at the time of 38 

ingestion” (9; p.2). Food reward comprises sub-components (e.g. liking and wanting) and these are 39 

likely to play a role in weight management (10). Liking is described as the pleasure of eating a food and 40 

wanting as the drive to eat triggered by a food cue (8). Both can be assessed implicitly or explicitly, but 41 

the most used measures are explicit liking, the hedonic experience (11), implicit wanting the automatic 42 

motivation to eat a specific food (12) and explicit wanting, the cognitive desire (12). These 43 

psychological processes have a major influence on food intake but seem to function differently (4, 13). 44 

Preferences for energy-dense and highly palatable foods are related to excess energy intake in free-45 

living settings (14, 15). However, liking accounts only for a small proportion of the variance in intake, 46 

and liking alone may not explain the whole picture of reward-induced food intake (15, 16). Processes 47 

of wanting may increase the reactivity to palatable food (compared to non-eating activities) in women 48 

with obesity (17). In daily life, wanting triggered by environmental cues (such as food advertising) may 49 

be more important to motivate food intake (18). Few studies have investigated the relationship between 50 

food reward and physiological factors. Some showed a positive association between preferences for 51 

high-fat foods and fat mass (19), independent of genetic background (20). However, the relationship 52 

between food reward and body mass index (BMI) may not be linear, as the sensitivity to reward in 53 

people ranging in body weight status has been suggested to follow an ‘inverted-U’ relationship (21). 54 
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Given that behaviour accounts for 100% of energy intake (22), identifying interventions that modulate 55 

the hedonic aspects of food intake (23) may provide a novel approach to tackle obesity and improve 56 

weight management. Currently, weight management interventions tend to be based on comprehensive 57 

multidisciplinary lifestyle modification including dietary, exercise, cognitive and behavioural 58 

components. However, food reward seems not to have been systematically examined as a target for 59 

improving weight outcomes. A systematic review of the literature is therefore warranted to investigate 60 

the role of food reward in the context of weight management interventions. 61 

Objectives 62 

The aim of this systematic review was to evaluate whether components of food reward are amenable to 63 

change after weight loss and whether observed changes are related to weight management outcomes. 64 

The population targeted was healthy adults with overweight or obesity. Weight management 65 

interventions (≥4 weeks) that attempted to target or measure a change in components of food reward 66 

were assessed. Weight management included all interventions (e.g. weight loss, weight maintenance) 67 

that aimed to improve weight outcomes. The primary outcome was food reward (i.e. liking, wanting or 68 

overall palatability) measured directly or indirectly and secondary outcomes included food intake and 69 

weight outcomes (e.g. body weight, fat mass, waist circumference). All methods to measure food intake 70 

(e.g. diary, 24-h recall) and weight outcomes (e.g. calibrated scales) were included. All primary and 71 

secondary outcomes had to be measured pre and post weight management intervention. All 72 

interventional study designs were included. The primary research question was: Do components of food 73 

reward change after weight loss? Secondary questions were: Which interventions are effective in 74 

changing components of food reward and what is the associated effect on weight management 75 

outcomes? 76 

Methods 77 

This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-78 

Analysis (PRISMA) guidelines (24) (see Table S2 for the PRISMA checklist) and the protocol is 79 

registered in the PROSPERO database (registration number: CRD42017081209). 80 
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Literature search strategy 81 

Four electronic bibliographic databases were searched: MEDLINE (Ovid), EMBASE (Ovid), 82 

PsycINFO (EBSCOHost) and Cochrane Library. The search strategy (see supporting information) was 83 

organised in two key blocks of terms: interventions (aiming at improving weight management 84 

outcomes) and food reward (all terms related to liking and wanting for food). The specific keywords 85 

used are listed in Table S1. Previous reviews were screened to identify adequate keywords. The search 86 

terms were a combination of medical subject headings (MESH terms) and text-words (title and abstract) 87 

and were adapted for use in each database. Searches were supplemented by reading the reference lists 88 

of eligible studies and systematic reviews. Limits were set to include all papers published in English or 89 

French after 1990, in healthy human adults. The last search was run in April 2018.  90 

Inclusion and exclusion criteria 91 

Articles were included if they involved longitudinal measures (≥4 weeks (25)) taken pre and post weight 92 

management intervention in healthy adults with overweight or obesity. All types and design of 93 

intervention were included and all comparator treatments were considered. Articles were excluded if 94 

they involved animals, children, adolescents or elderly, and participants with pregnancy, disease, an 95 

eating disorder or who smoke. Interventions were excluded if they only measured food reward through 96 

functional magnetic resonance imaging (fMRI) without a supplementary psychometric assessment of 97 

food reward. Indeed, all psychometric measures of food reward either direct (e.g. ratings or pleasantness 98 

or desire to eat) or indirect (e.g. measure of the willingness to work to obtain a food or reaction time) 99 

were included. Trait measurements of food reward were not included. 100 

Data extraction and synthesis 101 

Search results from each database were exported to Endnote and duplicates were removed. Study 102 

selection was undertaken using Covidence (26). Titles and abstracts were screened twice by the main 103 

reviewer and 10 % were screened independently by a second reviewer. Full-texts of retained studies 104 

were accessed and further screened according to the eligibility criteria by 3 reviewers (one reviewer 105 

screened all and the other two screened half). Any disagreements over the eligibility of particular studies 106 
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was resolved through discussion with a third reviewer. One author extracted the following information 107 

into an Excel spreadsheet: study information (e.g. authors, years, and title), baseline characteristics of 108 

participants (sample size, age, sex, BMI, weight), details of the intervention (intervention type, control 109 

conditions, study methodology, study completion rates, design), outcome measures and methods (food 110 

reward, food intake and physiological measures), information for assessment of the risk of bias. 111 

Outcome measures 112 

Risk of bias was assessed by two reviewers using the Cochrane Collaboration’s tool (27). 113 

Disagreements were discussed with a third reviewer. Seven criteria were assessed: random sequence 114 

generation, allocation concealment, blinding of participants and personnel, blinding of outcomes data, 115 

incomplete outcome data, selective reporting and other bias. 116 

Only significant changes in food reward, food intake or weight outcomes were reported as an increase 117 

or decrease, otherwise no change over time was stated. Psychological outcomes were reported if they 118 

contributed in explaining the change in outcomes. Differences between arms of interventions (i.e. 119 

intervention effect) were also reported. As the methods to report food reward components were not 120 

consistent across studies, the results are presented with a qualitative synthesis. The magnitude of the 121 

change over time was reported in % pre to post intervention in order to compare studies, except when 122 

data were not available.  123 

Results 124 

Study selection 125 

Out of 239 studies full-text assessed, 14 originally met the inclusion criteria (see Figure 1 for the flow 126 

diagram). The last update of the search led to a total of 17 longitudinal studies. Eighty studies among 127 

the 136 excluded for being acute interventions will be reported in another review to assess the role of 128 

food reward in acute weight management outcomes.  129 

Figure 1 here 130 

Risk of bias 131 
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The selection bias (i.e. sequence generation and allocation concealment) was judged to be low risk in 132 

59% (n=10) and 18% (n=3) of the studies, respectively. The performance bias (i.e. blinding participants 133 

and personnel) was judged high risk in 53% (n=9) of the studies and 71% (n=12) of the studies were 134 

judged high risk as they did not blind assessors about outcomes. Attrition bias (i.e. incomplete data) 135 

was unclear in 65% (n=11) of the studies and reporting bias (i.e. selective outcome) was unclear in 88% 136 

(n=15) of the studies. Other biases were judged low risk in 59% (n=10) of the studies. See Figure 2 for 137 

the details of each study and Fig.S1 for the summary of risk of bias across all the studies  138 

Figure 2 here 139 

 140 

Food reward definition and measurements 141 

In this review, we considered psychometric assessments of food reward as they have been shown to 142 

have an impact on eating behaviour. The first finding was the diversity of the measurements of food 143 

reward assessed in the studies. Therefore, measures were grouped in categories - liking, wanting and 144 

overall palatability - to enable comparisons between studies. Two main higher-order constructs were 145 

outlined: liking and wanting. “Liking” was the most reported (16 out of 17 studies) and covered two 146 

different notions “overall palatability” (28-32) and “liking for a specific food at this moment” (30, 31, 147 

33-43). For the latter notion, “liking” measures were labelled as such in 6 studies (30, 31, 33, 36, 38, 148 

40) but also included different terms such as “tastiness” (35) “food preferences” (34, 37, 39), 149 

“pleasantness” (41, 42) and “palatability” (43). “Specific food” referred to different food labelling such 150 

as low/high-fat (34, 39, 40, 44), low/high fat and sweet/savoury (30, 33, 36, 38, 41), healthy/unhealthy 151 

(35), low/high-carbohydrate (34, 37, 39), energy dense (31, 41, 42), and low/high-calorie food (43). 152 

These different labels were grouped in this review as low-energy food or high-energy food. Given that 153 

they all referred to the hedonic value of the taste of a specific food at a given time (ingestion or viewing), 154 

these terms were reported as “liking” in this review. In contrast, overall palatability refers to evaluation 155 

of the taste of the diet as a whole and does not refer specifically to a particular food or food type. This 156 

category will therefore be reported separately from liking. Wanting, the motivational drive to eat, was 157 
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measured in 7 out of 17 studies and included implicit wanting (30, 31, 33, 36, 38) and explicit wanting, 158 

also termed “desire to eat” (43, 44).  159 

Two different methods were used to measure liking: visual analogue scales (VAS) (31, 41, 42) such as 160 

the Leeds Food Preferences Questionnaire (8) (LFPQ) (30, 33, 36, 38), and Likert scale (35, 40, 43) 161 

such as the food preferences questionnaire from Geiselman et al. (45)  (FPQ) (37, 39). Two VAS were 162 

of 100mm scale (41, 42) and one was 150mm (31) and performed under a similar design that consisted 163 

in rating liking just after tasting a snack food. One difference was the hunger state before the VAS. In 164 

Raynor et al.’s study (42) a preload was given before tasting the snack to account for homeostatic drive 165 

whereas in Cameron et al. (31) and Raynor et al. (41) participants were in a hungry state. LFPQ 166 

measured liking by VAS in response to viewing food images of high or low-fat content and sweet or 167 

savoury taste. The Likert scales used were 5, 9 or 10-point scales and the ratings were based either on 168 

low or high-fat food tasting (40) or viewing of food pictures (35, 37, 39, 43). All these methods 169 

measured the same concept (i.e. liking for a specific food). Implicit wanting was measured indirectly 170 

by a forced choice reaction time paradigm (i.e. LFPQ) (30, 33, 36, 38), and via a progressive ratio 171 

computer task (31). Explicit wanting was assessed through a 5-point scale assessing the desire to eat 172 

low, medium or high-fat food over the last 7 days (44) and by the willingness to pay for a food (43).  173 

Study characteristics 174 

Five types of intervention emerged from this systematic review: dietary (28, 31, 32, 34, 37, 39, 40), 175 

exercise (33, 36, 38), pharmacological (29, 30) cognitive (43) and behavioural/multidisciplinary (35, 176 

41, 42, 44). Dietary interventions included nutritional manipulations such as the macronutrient content 177 

of the diet (low or high-fat, high-protein, low or medium-carbohydrate) or energy restriction. 178 

Behavioural interventions incorporated a combination of dietary, exercise, behavioural therapy or food 179 

variety interventions and not a single intervention. Exercise studies included moderate intensity interval 180 

training (MIIT), moderate-intensity continuous training (MICT), high intensity interval training (HIIT), 181 

or aerobic exercise. The pharmacological studies included nutraceutical (C. fimbriata extract) (29) or 182 

pharmaceutical (semaglutide) (30) compounds, as both interventions followed a pharmacological 183 

approach to deliver the treatment (e.g. refined and encapsulated or injected). The cognitive study 184 
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consisted of a food response and attention training intervention. With regard to the study design, 10 185 

studies were randomised controlled trial (RCT) (28-30, 32, 37, 38, 40-43), and 5 had no control 186 

condition (31, 34-36, 44) and were embedded in either RCT or in a pre-post design. The intervention 187 

duration ranged from 4 weeks to 2 years with a median of 12 weeks and study duration ranged from 6 188 

weeks to 2 years. The main outcomes assessed were changes in food reward and the methods are 189 

reported above. The secondary outcomes assessed were changes in food intake-related measures (12 190 

out of 17 studies) which are eating behaviour assessments such as food intake (qualitative assessment 191 

of eating behaviour) (44), energy intake (in kcal) (28-30, 32, 33, 36, 38, 40, 42) and energy intake from 192 

fat (in kcal) (29, 33), and/or weight outcomes (15 out of 17 studies) such as waist circumference (29), 193 

fat mass (30, 33, 36, 43) and body weight (28-32, 35-42, 46). However, the methods used to measure 194 

each outcome varied remarkably across studies. Food intake-related measures were assessed by food 195 

diaries (28, 29, 32, 38, 40, 41), ad libitum test meal (30, 33, 36), food frequency questionnaires (40, 196 

42), 24-h recall (42), or a 48-item questionnaire (44). Body weight was measured by weighing scale 197 

(28, 29, 31, 32, 40-42), fat mass by bio impedance spectroscopy (BIS) (33), air displacement 198 

plethysmography (ADP) (30, 36, 43) or dual-energy X-ray absorptiometry (DXA) (31), and waist 199 

circumference by a measuring tape above the umbilicus (29). 200 

 201 

Participant characteristics 202 

All studies (n=17) included individuals with obesity and some also included people who were either 203 

overweight or obese (29, 33, 34, 36, 43). Participants’ median (range) BMI and age were 33.7 kg/m2 204 

(30.5-38.5) and 44.6 years (29.0-56.5), respectively. Two studies were only in men (32, 33). The median 205 

percentage of women was 68%. The number of participants in the intervention ranged from 10 to 136 206 

with a median of 27 and the total number of participants across all studies was 1312. 207 

Study results  208 

All results from the weight management interventions (n = 17) are summarised in Table 1. 209 

Table 1 here 210 
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Changes in food reward 211 

Twelve studies reported a significant change in a component of food reward (liking, implicit or explicit 212 

wanting, or overall palatability) over time. Liking changed in 9 out of 13 studies (30, 31, 34, 35, 37, 39, 213 

41-43). Overall palatability changed in 2 out of 5 studies (28, 29). Wanting changed in 3 out of 7 studies 214 

(30, 43, 44).  215 

Concerning the direction and magnitude of the change: liking for high-energy food (high-fat, high-216 

carbohydrate, high-calorie, high-energy-dense, and unhealthy food) decreased significantly in 8 studies 217 

(30, 34, 35, 37, 39, 41-43). The same trend was reported in Alkahtani et al. (33) but was not significant. 218 

However, one study reported an increase in liking for a favourite high-energy food snack (31). When 219 

data were available, percentages of change pre to post weight loss were calculated. The median decrease 220 

in liking for high-energy food was 16% (34, 35, 39, 41) and the increase was 9% (31). Liking for low-221 

energy food was reported in 10 studies. It decreased in 3 studies (34, 37, 39) with a median of 5.9% and 222 

increased in one study (35) by 5%. Wanting for high-energy food decreased in 3 out of 7 studies (30, 223 

43, 44) and 2 out of 6 studies (30, 44) reported an increase in wanting for low-energy food. The 224 

magnitude of the decrease in wanting pre to post intervention in percentage was not calculated due to 225 

data not being available. 226 

A further question is whether there was an effect of intervention type on the change in food reward. 227 

Five out of 12 interventions reported a decrease in liking for high-energy food with a difference between 228 

conditions (30, 37, 41-43) showing that different types of interventions (i.e. pharmacological, dietary, 229 

behavioural, cognitive) can all be effective in reducing liking for high-energy food. Of the 3 studies 230 

(34, 37, 39) that decreased both liking for low and high-energy food, only one intervention (37) reported 231 

a condition effect for decreasing both low and high-energy food. For overall palatability, only one study 232 

out of the 5 showed a difference between conditions with an effect of the nutraceutical on the decrease 233 

of overall palatability (29). Two out of 7 interventions showed reduction in wanting for high-energy 234 

food compared to control (30, 43) and one of the pharmacological interventions (30) found reduced 235 

wanting for high-energy food and increased wanting for low-energy food. Two out of 6 interventions 236 

(30, 43) found a decrease in both liking and implicit wanting for high-energy food.  237 
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Association between changes in food reward and food intake  238 

One study measured the intake of low and high-fat food (44) and reported a significant decrease in 239 

intake of high-fat food and an increase in intake of low-fat food after a behavioural intervention. There 240 

was a strong positive association between change in desire to eat and change in consumption of these 241 

foods. Two studies measured energy intake from fat (29, 33), one of which reported a significant 242 

decrease in energy intake from fat (46%) in the nutraceutical condition compared to the control (29). 243 

The correlation between change in overall palatability and change in energy intake from fat was not 244 

assessed. Eight studies measured total daily energy intake (28-30, 32, 36, 38, 40, 42) and 3 studies (28, 245 

30, 32) reported an effect of the intervention on decreasing energy intake. Only Johnstone et al. (32) 246 

assessed the correlation between change in overall palatability and change in total daily energy intake 247 

but they were not associated. Three studies measured energy intake for high-energy food specifically 248 

(30, 41, 42); 2 studies (30, 42) reported a significant decrease in the intervention arm. Only Raynor et 249 

al. (42) analysed the association between change in liking and energy intake from this food but found 250 

no correlation. To conclude, few studies reported a significant effect of the intervention on food intake. 251 

Even fewer studies analysed the relationship between change in food reward and change in food intake-252 

related measures.  253 

Association between changes in food reward and weight outcomes 254 

The 14 studies that measured body weight all reported a decrease ranging from 2% to 10% with a 255 

median weight loss of 5% (29-32, 34-37, 40, 42). Three studies (30, 32, 39) showed a difference 256 

between intervention arms. Only McVay et al. (39) assessed the association between changes in body 257 

weight with changes in food reward and showed that an increase in liking for low-energy (diet-258 

congruent) foods was associated with greater weight loss. However, this was only significant for 1 out 259 

of 4 time points where liking was measured. Four studies measured fat mass (30, 33, 36, 43), and 2 260 

studies (30, 43) reported a decrease in fat mass in the intervention arm compared to the control. Only 261 

Stice et al. (43) assessed the relationship between food reward and fat mass, and reported a marginal 262 

positive correlation between pre to post fat mass and decrease in palatability ratings for high-calorie 263 

foods. This association between liking and fat mass was also reported in Hopkins et al. (36). To 264 



11 

 

conclude, 5 studies (28, 31, 37, 39, 43) assessed the relationship between changes in food reward and 265 

changes in weight outcomes: 2 studies (39, 43) showed an association between decreased liking for 266 

high-energy food and reductions in fat mass or body weight; one study (31) found an increase in liking 267 

was not correlated with changes in fat or fat-free mass; one study (37) found no correlation between a 268 

decrease in liking with weight loss; and in one study (28) there was no relationship between change in 269 

overall palatability and weight loss.  270 

Association between changes in food reward and psychological measures 271 

One study (31) reported a moderating effect of trait disinhibition on wanting pre to post weight loss. 272 

Individuals with obesity who scored high in disinhibition (measured by the Three Factor Eating 273 

Questionnaire (TFEQ)) tended to work harder to earn snacks post weight loss.  274 

Discussion  275 

 276 

Main findings 277 

The aim of this systematic review was to assess whether components of food reward change during 278 

weight management interventions and whether any changes were related to weight management 279 

outcomes. The results showed that food reward does change during most types of weight management 280 

intervention and the majority of studies showed that food reward decreases after weight loss. Both liking 281 

and wanting for high-energy food decreased post-intervention. Wanting for low-energy food increased 282 

and liking for low-energy food increased in one behavioural intervention and decreased in dietary 283 

interventions. A range of intervention types - dietary, behavioural, cognitive and pharmacological - 284 

seemed to be effective in decreasing liking and/or wanting for high-energy food. However, the 285 

relationship between changes in food reward and change in weight management outcomes was less 286 

clear. Only a few studies assessed this relationship and showed that a decrease in liking for high-energy 287 

food was associated with a decrease in body weight or fat mass. Changes in wanting appeared to be 288 

more related to changes in food intake. However, these associations need to be confirmed. 289 

Methodological considerations 290 
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It is commonly agreed that food reward influences what and how much is eaten (4, 9, 12). However, 291 

the definition and measurement of food reward can be confusing as shown in this and previous reviews 292 

(11). The complexity of defining and measuring components of food reward rests on their logical status 293 

as intervening variables (i.e. liking and wanting cannot be directly observed) (47). There is no consensus 294 

on the definition of the components of food reward. However, authors (9, 12, 13) agree on the fact that 295 

food reward translates the momentary pleasure and motivation to eat a food that is seen or tasted. That 296 

is why in this review all measures of liking for a specific food were grouped together and overall 297 

palatability of the meal was not considered as a measure of liking. Moreover, trait measures of reward 298 

such as sensitivity to reward, or general food craving were not considered as food reward in this review 299 

as they don’t measure the pleasure or motivation to eat a specific food at the time of viewing or 300 

ingestion. Definitions of liking across studies were consistent but some studies explicitly defined liking 301 

as the “pleasantness of the taste of the food”, whereas others only used the word “liking” or 302 

“palatability” without giving more information, which may add some flaws in the comparison of 303 

studies. Other potential bias across studies could be the time of day of the measurement and the state of 304 

hunger. The hedonic value of food may differ between morning, noon and evening, or when fasted 305 

compared to fed (48). More standardised measurements (e.g. at the same time point) are needed in 306 

future research to analyse this potential confound. Food reward may also change across the lifespan and 307 

differ in children or the elderly and for this reason we focused on adults only. Furthermore, smokers 308 

were excluded as they may not have the same sensibility to palatable food due to changes in sensory 309 

perception or reward function (49).  310 

A variety of methods were reported to measure liking and wanting, raising the question of whether 311 

measures can be compared. For liking measurements, the main differences were whether participants 312 

rated liking after having seen pictures of food or eaten food, and whether they were rating a small or 313 

large set of food items covering different aspects of the diet (fat, carbohydrate, low or high-energy 314 

content). Firstly, seeing a food picture instead of tasting/consuming reflects more the expected 315 

pleasantness than the hedonic experience of liking (11). Secondly examining changes in liking on a 316 

limited set of foods may not accurately represent changes in high-energy or low-energy foods and 317 
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consequently this could explain some of the discrepancies in the results. VAS ratings are seen as 318 

accurate to report changes in subjective sensations of appetite (50), but use of Likert scales compared 319 

to VAS may not have the same sensitivity to detect an impact on the change of liking. In this review, 320 

one measure of explicit wanting was quite remote as it measured the desire to eat a specific food but 321 

over the past 7 days and not at the moment of ingestion (or viewing). Measurements of food reward 322 

should ideally target a specific food at a given time and consistent methodology should be used to yield 323 

more accurate and comparable measures (e.g. broad set of foods, same wording and definition of liking 324 

and wanting). To be more discriminating, measures of food reward should allow the distinction between 325 

liking and wanting. Also, indirect measures of implicit wanting (e.g. willingness to exert an effort to 326 

obtain a food or reaction time of responses to a food) should be used more often as they are more 327 

representative of implicit motivational process. 328 

Role of food reward in weight management 329 

It is frequently assumed by researchers that weight loss will lead to compensatory increases in 330 

homeostatic responses that drive up food intake to protect energy stores. This has led some to 331 

hypothesise that food reward will also increase after weight loss. Indeed, studies have shown that acute 332 

food deprivation increases food reward (31, 51). Furthermore, a dietary intervention leading to 10% 333 

weight loss resulted in increased neural activation (BOLD signal) in response to images of food (52). 334 

However, the present systematic review demonstrates that most studies actually find a decrease in food 335 

reward in the context of weight management. How can these contradictory views be resolved?  336 

Methodological differences might explain some of the discrepancy in findings. Firstly, there are 337 

contradictory findings in fMRI studies with studies reporting increased and decreased brain responses 338 

to food (53). Furthermore, studies reporting an increase in BOLD signal may not translate into cognitive 339 

or behavioural hedonic responses. More studies are needed to validate the brain responses to food cues 340 

in relation to food reward measured by psychometric methodologies. Another explanation could be due 341 

to the extent of the induced calorie deficit between studies, where a larger deficit could lead to greater 342 

reductions in food reward compared to a smaller deficit. However, the data from this review do not 343 

allow this question to be quantitatively examined. Finally, the duration of exposure and strength of the 344 
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energy deficit should be taken into account. It has been shown that short-term (a day or less) nutrient 345 

depletion increases liking and wanting for specific foods (54, 55) and that acute (3-day) fasting increases 346 

liking and wanting for high-energy foods (56). In Rosenbaum et al.’s study (52) the weight loss duration 347 

lasted from 5 to 8 weeks, whereas in this review dietary interventions ranged from 8 weeks to 2 years. 348 

It could be hypothesised that short-term food deprivation may enhance food reward whereas longer 349 

term deprivation will attenuate it. Is there a minimum time needed to observe a decline in food reward? 350 

The shift in reward for low and high-energy foods may occur as weight loss goals become internalised 351 

and more automatic, representing an alignment between cognitions and eating behaviour. For instance, 352 

dietary interventions (34, 37, 39) from this review that showed reduced intake of high-energy food 353 

during weight loss also reported a decrease in liking for high-energy food. 354 

In this review, only one study (31) found an increase in liking for palatable food after weight loss. This 355 

result needs to be considered carefully as the study had a high risk of bias. Inconsistencies in the design 356 

of this study and especially in the assessment of food reward may account for this contrary finding. 357 

Firstly, this study was a secondary analysis with no control condition and consequently difficult to 358 

attribute changes in liking to the weight loss intervention per se. Secondly, in other studies (34, 37, 39) 359 

liking was assessed for different types of food categorised as low or high-energy whereas in this study 360 

(31) liking was measured only for one specific high-energy food (i.e. the participant’s preferred 361 

palatable snack). It is not clear whether this very specific intervention can be generalized to different 362 

types of interventions or high-energy foods that were not specifically preferred.  363 

Another question concerns the discrepancies found in changes in liking for low-fat food. Three dietary 364 

interventions (34, 37, 39) reported a decrease and one behavioural intervention found an increase (35). 365 

What differed between these studies was the assessment of liking. The discrepant study (35) measured 366 

the tastiness for perceived unhealthy or healthy snacks and this latter categorisation of food may not 367 

correspond exactly to high/low-energy foods which may weaken the comparison. With regards to 368 

wanting measures, all the interventions from this review that reported a change in wanting showed a 369 

decrease for high-energy food and/or an increase for low-energy food. All together these results suggest 370 
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that reductions in wanting and liking for food are generally achieved following weight management 371 

interventions. 372 

Implications for weight management 373 

All the studies reported here were not acute studies (i.e. ≥4 weeks) giving more clinical relevance to the 374 

food reward changes. However, only a few studies assessed the relationship between food reward 375 

changes and weight management outcomes, and one was at high risk of bias (44) therefore implications 376 

for weight management need to be confirmed. Interventions included individuals with overweight 377 

and/or obesity but data were not available to analyse the role of food reward by subgroups of BMI 378 

classification.  379 

Can conclusions be drawn on which type of intervention is most effective to change food reward? 380 

Dietary interventions seem effective as 4 out of 5 studies reported a change in liking for high or low-381 

energy food. Newman et al. (40) reported no change in liking for low or regular-fat products, only liking 382 

for low-fat cream cheese increased over time. The measure of liking appeared quite strong as they 383 

assessed liking just after tasting each food item, however they only assessed liking for a limited set of 384 

food that did seem to have been screened for acceptability, palatability and macronutrient content. A 385 

broader and more controlled set of foods would throw light on this question.  386 

All the behavioural, pharmacological and cognitive interventions reported a change in food reward. 387 

However, none of the exercise studies reported changes in food reward. All these studies used the same 388 

methodology to measure liking and wanting (i.e. LFPQ) which is a robust method for detecting changes 389 

in food reward in different settings (8). Furthermore, acute exercise has been shown to have different 390 

effects on food reward (measured by LFPQ) depending on the population (57) or the dose of exercise 391 

(58, 59). Several hypotheses can be proposed to explain the null findings in the longitudinal exercise 392 

studies from this review. The main reason might be that measures of food reward were not consistent 393 

across studies (regarding time and hunger state). Indeed they all used LFPQ, but food reward was 394 

measured before and after the acute exercise (33), or in a fasted state before lunch (36) or pre and post 395 

breakfast (38). Besides, one study (36) had no control condition and the others (33, 38) were based on 396 
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a limited sample (i.e. n < 14) questioning whether the lack of changes could really be attributed to the 397 

intervention and not to lack of power. In sum, more consistency in the design, duration, and energy 398 

deficit is required to be able to determine which type of intervention is the most effective to reduce food 399 

reward while improving weight management outcomes.  400 

Limitations and strengths 401 

The main limitation encountered by this review was the complexity in the definition and measurement 402 

of food reward, which may lead to confusion when grouping and synthesising outcomes. Changes in 403 

food reward were reported qualitatively due to lack of available data. In future, given more studies, a 404 

meta-analysis of the changes in liking and wanting would provide a more powerful analysis. Also, only 405 

a few studies measured implicit or explicit wanting which weakens the ability to compare changes in 406 

liking versus wanting in response to weight management, which would be theoretically and clinically 407 

relevant (13). The studies were mainly on women (median of 68%) which limits the generalization of 408 

results to men. Five papers had a high risk of bias but these were not impacting the main results. Only 409 

17 interventions were included, but this review used high methodological standards that assured quality. 410 

It is important to consider drop-out rates in weight management interventions and in this review the 411 

median attrition rate was 19% which is not unusual. However, no studies adjusted for this in their 412 

analyses (e.g. BOCF). Finally, only peer-reviewed studies were considered for inclusion in this review 413 

and future updates could include grey literature.  414 

Conclusion 415 

This review used a systematic approach to examine changes in food reward during weight management 416 

interventions. It revealed that liking and wanting for high-energy food mostly decreased during weight 417 

management, and different types of interventions were effective to reduce food reward. The associations 418 

between food reward and weight management outcomes need to be confirmed. The synthesised findings 419 

may help to elucidate some of the previous uncertainty on whether components of food reward increase 420 

as a compensatory response to weight loss. Some of the confusion may arise due to the difficulty in 421 

defining the components of food reward and the discrepancies between measures of food reward. Food 422 
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reward should be measured in a consistent manner in future weight management interventions to allow 423 

systematic reviews to quantify its effect on outcomes. Weight loss interventions that facilitate 424 

reductions in the reward for high-energy food (or increased liking and wanting for low-energy food) 425 

may be beneficial for weight loss maintenance, and it remains to be examined whether hedonic rather 426 

than homeostatic mechanisms could be responsible for weight regain after weight loss (60).  427 

 428 

References 429 

1 Higgs S, Spetter MS, Thomas JM, et al. Interactions between metabolic, reward and cognitive 430 

processes in appetite control: Implications for novel weight management therapies. J 431 

Psychopharmacol. 2017; 31: 1460-74. 432 

2 Hopkins M, Finlayson G, Duarte C, et al. Biological and psychological mediators of the 433 

relationships between fat mass, fat-free mass and energy intake. Int J Obes. 2018. 434 

3 Berthoud HR, Munzberg H, Morrison CD. Blaming the Brain for Obesity: Integration of 435 

Hedonic and Homeostatic Mechanisms. Gastroenterology. 2017; 152: 1728-38. 436 

4 Hopkins M, Blundell J, Halford J, King N, Finlayson G. The Regulation of Food Intake in 437 

Humans. In: De Groot LJ, Chrousos G, Dungan K, Feingold KR, Grossman A, Hershman JM, 438 

et al. (eds.). Endotext. MDText.com, Inc.: South Dartmouth (MA) 2016. 439 

5 Lowe MR, Butryn ML. Hedonic hunger: A new dimension of appetite? Physiol Behav. 2007; 440 

91: 432-39. 441 

6 Berthoud HR, Lenard NR, Shin AC. Food reward, hyperphagia, and obesity. Am J Physiol 442 

Regul Integr Comp Physiol. 2011; 300: R1266-77. 443 

7 Yeomans MR, Tovey HM, Tinley EM, Haynes CJ. Effects of manipulated palatability on 444 

appetite depend on restraint and disinhibition scores from the Three-Factor Eating 445 

Questionnaire. Int J Obes Relat Metab Disord. 2004; 28: 144-51. 446 

8 Dalton M, Finlayson G. Psychobiological examination of liking and wanting for fat and sweet 447 

taste in trait binge eating females. Physiol Behav. 2014; 136: 128-34. 448 

9 Rogers PJ, Hardman CA. Food reward. What it is and how to measure it. Appetite. 2015; 90: 449 

1-15. 450 

10 Finlayson G, King N, Blundell JE. Liking vs. wanting food: Importance for human appetite 451 

control and weight regulation. Neurosci Biobehav Rev. 2007; 31: 987-1002. 452 

11 Pool E, Sennwald V, Delplanque S, Brosch T, Sander D. Measuring wanting and liking from 453 

animals to humans: A systematic review. Neurosci Biobehav Rev. 2016; 63: 124-42. 454 

12 Berridge KC. 'Liking' and 'wanting' food rewards: brain substrates and roles in eating disorders. 455 

Physiol Behav. 2009; 97: 537-50. 456 

13 Finlayson G, Dalton M. Hedonics of Food Consumption: Are Food ‘Liking’ and ‘Wanting’ 457 

Viable Targets for Appetite Control in the Obese? Curr Obes Rep. 2012; 1: 42-49. 458 

14 French SA, Mitchell NR, Wolfson J, et al. Questionnaire and laboratory measures of eating 459 

behavior. Associations with energy intake and BMI in a community sample of working adults. 460 

Appetite. 2014; 72: 50-8. 461 

15 de Castro JM, Bellisle F, Dalix AM, Pearcey SM. Palatability and intake relationships in free-462 

living humans. characterization and independence of influence in North Americans. Physiol 463 

Behav. 2000; 70: 343-50. 464 

16 Cox DN, Perry L, Moore PB, Vallis L, Mela DJ. Sensory and hedonic associations with 465 

macronutrient and energy intakes of lean and obese consumers. Int J Obes Relat Metab Disord. 466 

1999; 23: 403-10. 467 



18 

 

17 Saelens BE, Epstein LH. Reinforcing Value of Food in Obese and Non-obese Women. Appetite. 468 

1996; 27: 41-50. 469 

18 Mela DJ. Eating for pleasure or just wanting to eat? Reconsidering sensory hedonic responses 470 

as a driver of obesity. Appetite. 2006; 47: 10-17. 471 

19 Mela DJ, Sacchetti DA. Sensory preferences for fats: relationships with diet and body 472 

composition. Am J Clin Nutr. 1991; 53: 908-15. 473 

20 Rissanen A, Hakala P, Lissner L, et al. Acquired preference especially for dietary fat and 474 

obesity: a study of weight-discordant monozygotic twin pairs. Int J Obes Relat Metab Disord. 475 

2002; 26: 973-7. 476 

21 Davis C, Fox J. Sensitivity to reward and body mass index (BMI): evidence for a non-linear 477 

relationship. Appetite. 2008; 50: 43-9. 478 

22 Blundell JE, Finlayson G. Is susceptibility to weight gain characterized by homeostatic or 479 

hedonic risk factors for overconsumption? Physiol Behav. 2004; 82: 21-5. 480 

23 Batterham R, ffytche D, Rosenthal J, et al. PYY modulation of cortical and hypothalamic brain 481 

areas predicts feeding behaviour in humans. Nature. 2007; 450: 106-09. 482 

24 Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred Reporting Items for Systematic Reviews 483 

and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7):. 2009; e1000097. 484 

doi:10.1371/journal.pmed1000097. 485 

25 Beaulieu K, Hopkins M, Blundell J, Finlayson G. Does Habitual Physical Activity Increase the 486 

Sensitivity of the Appetite Control System? A Systematic Review. Sports Med. 2016; 46: 1897-487 

919. 488 

26 Covidence systematic review software, Veritas Health Innovation, Melbourne, Australia. 489 

Available at www.covidence.org. 490 

27 Higgins JPT, S G, (editors). Cochrane Handbook for Systematic Reviews of Interventions 491 

Version 5.1.0 [updated March 2011]. The Cochrane Collaboration. 2011; Available from 492 

http://handbook.cochrane.org. 493 

28 Aberg G, Edman G, Rossner S. Perceived hunger, palatability, and adherence: A comparison 494 

of high- and low-fat diets. Obes Res Clin Pract. 2008; 2: 101-10. 495 

29 Astell K, Mathai M, McAinch A, Stathis C, Su X. A pilot study investigating the effect of 496 

Caralluma fimbriata extract on the risk factors of metabolic syndrome in overweight and obese 497 

subjects: a randomised controlled clinical trial. Complement Ther Med. 2013; 21: 180-9. 498 

30 Blundell J, Finlayson G, Axelsen M, et al. Effects of once-weekly semaglutide on appetite, 499 

energy intake, control of eating, food preference and body weight in subjects with obesity. 500 

Diabetes Obes Metab. 2017; 19: 1242-51. 501 

31 Cameron JD, Goldfield GS, Cyr MJ, Doucet E. The effects of prolonged caloric restriction 502 

leading to weight-loss on food hedonics and reinforcement. Physiol Behav. 2008; 94: 474-80. 503 

32 Johnstone AM, Horgan GW, Murison SD, Bremner DM, Lobley GE. Effects of a high-protein 504 

ketogenic diet on hunger, appetite, and weight loss in obese men feeding ad libitum. Am J Clin 505 

Nutr. 2008; 87: 44-55. 506 

33 Alkahtani S, Byrne N, Hills A, King N. Interval training intensity affects energy intake 507 

compensation in obese men. Int J Sport Nutr Exerc Metab:  2014; 595-604. 508 

34 Andriessen C, Christensen P, Vestergaard Nielsen L, et al. Weight loss decreases self-reported 509 

appetite and alters food preferences in overweight and obese adults: Observational data from 510 

the DiOGenes study. Appetite. 2018; 125: 314-22. 511 

35 Demos KE, McCaffery JM, Thomas JG, et al. Identifying the mechanisms through which 512 

behavioral weight-loss treatment improves food decision-making in obesity. Appetite. 2017; 513 

114: 93-100. 514 

36 Hopkins M, Gibbons C, Caudwell P, et al. Fasting Leptin Is a Metabolic Determinant of Food 515 

Reward in Overweight and Obese Individuals during Chronic Aerobic Exercise Training. Int J 516 

Endocrinol. 2014: 323728. 517 

37 Martin C, Rosenbaum D, Han H, et al. Change in food cravings, food preferences, and appetite 518 

during a low-carbohydrate and low-fat diet. Obesity (Silver Spring, Md). 2011; 19: 1963-70. 519 

38 Martins C, Aschehoug I, Ludviksen M, et al. High-Intensity Interval Training, Appetite, and 520 

Reward Value of Food in the Obese. Med Sci Sports Exerc. 2017; 49: 1851-58. 521 

http://www.covidence.org/
http://handbook.cochrane.org/


19 

 

39 McVay MA, Voils CI, Geiselman PJ, et al. Food preferences and weight change during low-522 

fat and low-carbohydrate diets. Appetite. 2016; 103: 336-43. 523 

40 Newman L, Bolhuis D, Torres S, Keast R. Dietary fat restriction increases fat taste sensitivity 524 

in people with obesity. Obesity (Silver Spring, Md). 2016; 24: 328-34. 525 

41 Raynor H, Niemeier H, Wing R. Effect of limiting snack food variety on long-term sensory-526 

specific satiety and monotony during obesity treatment. Eating Behaviors. 2006; 7: 1-14. 527 

42 Raynor H, Steeves E, Hecht J, Fava J, Wing R. Limiting variety in non-nutrient-dense, energy-528 

dense foods during a lifestyle intervention: a randomized controlled trial. Am J Clin Nutr. 2012; 529 

95: 1305-14. 530 

43 Stice E, Yokum S, Veling H, Kemps E, Lawrence N. Pilot test of a novel food response and 531 

attention training treatment for obesity: brain imaging data suggest actions shape valuation. 532 

Behav Res Ther. 2017; 94: 60-70. 533 

44 Grieve FG, Vander Weg MW. Desire to eat high- and low-fat foods following a low-fat dietary 534 

intervention. J Nutr Educ Behav. 2003; 35: 98-104. 535 

45 Geiselman PJ, Anderson AM, Dowdy ML, et al. Reliability and validity of a macronutrient 536 

self-selection paradigm and a food preference questionnaire. Physiol Behav. 1998; 63: 919-28. 537 

46 Andersen B, Byrne D, Bredie W, Moller P. Cayenne pepper in a meal: Effect of oral heat on 538 

feelings of appetite, sensory specific desires and well-being. Food Quality and Preference. 539 

2017; 60: 1-8. 540 

47 Maccorquodale K, Meehl PE. On a distinction between hypothetical constructs and intervening 541 

variables. Psychol Rev. 1948; 55: 95-107. 542 

48 Finlayson G, King N, Blundell J. The role of implicit wanting in relation to explicit liking and 543 

wanting for food: implications for appetite control. Appetite. 2008; 50: 120-7. 544 

49 Tang DW, Fellows LK, Small DM, Dagher A. Food and drug cues activate similar brain 545 

regions: a meta-analysis of functional MRI studies. Physiol Behav. 2012; 106: 317-24. 546 

50 Flint A, Raben A, Blundell JE, Astrup A. Reproducibility, power and validity of visual 547 

analogue scales in assessment of appetite sensations in single test meal studies. Int J Obes Relat 548 

Metab Disord. 2000; 24: 38-48. 549 

51 Berthoud H-R. Metabolic and hedonic drives in the neural control of appetite: Who’s the boss? 550 

Curr Opin Neurobiol. 2011; 21: 888-96. 551 

52 Rosenbaum M, Sy M, Pavlovich K, Leibel RL, Hirsch J. Leptin reverses weight loss–induced 552 

changes in regional neural activity responses to visual food stimuli. J Clin Invest. 2008; 118: 553 

2583-91. 554 

53 Versteeg RI. Brain, nutrition and metabolism: Studies in lean, obese and insulin resistant 555 

humans. 2017. 556 

54 Masic U, Yeomans MR. Does acute or habitual protein deprivation influence liking for 557 

monosodium glutamate? Physiol Behav. 2017; 171: 79-86. 558 

55 Griffioen-Roose S, Hogenkamp PS, Mars M, Finlayson G, de Graaf C. Taste of a 24-h diet and 559 

its effect on subsequent food preferences and satiety. Appetite. 2012; 59: 1-8. 560 

56 Cameron J, Goldfield G, Finlayson G, Blundell J, Doucet E. Fasting for 24 hours heightens 561 

reward from food and food-related cues. PLoS One. 2014; 9: e85970. 562 

57 Cameron JD, Goldfield GS, Riou ME, et al. Energy depletion by diet or aerobic exercise alone: 563 

impact of energy deficit modality on appetite parameters. Am J Clin Nutr. 2016; 103: 1008-16. 564 

58 McNeil J, Cadieux S, Finlayson G, Blundell JE, Doucet E. The effects of a single bout of 565 

aerobic or resistance exercise on food reward. Appetite. 2015; 84: 264-70. 566 

59 Martins C, Stensvold D, Finlayson G, et al. Effect of moderate- and high-intensity acute 567 

exercise on appetite in obese individuals. Med Sci Sports Exerc. 2015; 47: 40-8. 568 

60 Dulloo AG, Jacquet J, Montani JP. How dieting makes some fatter: from a perspective of 569 

human body composition autoregulation. Proc Nutr Soc. 2012; 71: 379-89. 570 

 571 

 572 


