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Abstract 28 

Background: To determine whether changes in appetite and energy intake (EI) can be 29 

detected and play a role in the effectiveness of interventions, it is necessary to identify their 30 

variability under normal conditions. We assessed the reproducibility of subjective appetite 31 

ratings and ad libitum test meal EI after a standardised pre-load in overweight and obese 32 

males. Methods: Fifteen overweight and obese males (BMI 30.3±4.9 kg/m2, aged 34.9±10.6 33 

years) completed two identical test days, 7 days apart. Participants were provided with a 34 

standardised fixed breakfast (1676 kJ) and 5 h later an ad libitum pasta lunch. An electronic 35 

appetite rating system was used to assess subjective ratings before and after the fixed 36 

breakfast, and periodically during the postprandial period. EI was assessed at the ad libitum 37 

lunch meal. Sample size estimates for paired design studies were calculated. Results: 38 

Appetite ratings demonstrated a consistent oscillating pattern between test days, and were 39 

more reproducible for mean postprandial than fasting ratings. The correlation between ad 40 

libitum EI on the two test days was r=0.78 (P<0.01). Using a paired design and a power of 41 

0.8, a minimum of 12 participants would be needed to detect a 10mm change in 5h 42 

postprandial mean ratings and 17 to detect a 500kJ difference in ad libitum EI.  Conclusion: 43 

Intra-individual variability of appetite and ad libitum test meal EI in overweight and obese 44 

males are comparable to previous reports in normal weight adults. Sample size requirements 45 

for studies vary depending on the parameter of interest and sensitivity needed. 46 

 47 

Keywords: ad libitum energy intake; reproducibility; appetite; obesity; test meal; visual 48 

analogue scales. 49 

 50 

 51 
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Introduction 52 

Appetite and energy intake (EI) are often measured in the laboratory using visual analogue 53 

scales (VAS) and ad libitum test meals respectively. To assess whether these methods are 54 

sensitive to detect changes in appetite and EI, it is important to determine their 55 

reproducibility. The reproducibility of subjective appetite ratings (Barkeling et al. 1995; 56 

Raben et al. 1995; Stratton et al. 1998; Arvaniti et al. 2000; Flint et al. 2000; Gonzalez et al. 57 

2012) and ad libitum EI (Arvaniti et al. 2000; Gregersen et al. 2008; Nair et al. 2009) has 58 

been studied in normal weight adults. Overall, it appears that while the reproducibility will 59 

vary depending on the parameter reported, VAS demonstrate a good degree of intra-60 

individual reproducibility (see Stubbs et al. (2000) for a comprehensive review). Similarly, EI 61 

at an ad libitum meal has been shown to be reproducible in normal weight males (Gregersen 62 

et al. 2008). Surprisingly, despite being frequently assessed in response to interventions in 63 

overweight and obese individuals, little information exists on the reproducibility of these 64 

measures in this population. 65 

Given some evidence that gut peptide (Valera Mora et al. 2005) and  appetite 66 

(Barkeling et al. 1995) responses may vary according to body composition, it is possible that 67 

the reproducibility of appetite and EI will be different in overweight and obese individuals. 68 

For example, a range of factors such as the reward value of food, social desirability, 69 

eating behavior characteristics (e.g. disinhibition) and even exercise (King 1999) may be 70 

more likely to influence appetite ratings and EI in overweight and obese individuals 71 

(Barkeling et al. 1995; Barkeling et al. 2007). Barkeling et al. (1995) compared VAS ratings 72 

in normal weight and obese individuals and demonstrated that while hunger sensations were 73 

more reproducible in obese men, desire to eat sensations were less reproducible. However, in 74 

this study, VAS ratings were only measured immediately before and after the test meal. In the 75 

majority of studies, VAS are generally completed before, immediately after a test meal and 76 
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then periodically at regular intervals (varying from 15-30min up to hourly) usually for 3-5h, 77 

or until the start of the next meal (Blundell et al. 2010). To the best of our knowledge the 78 

reproducibility of postprandial (3-5h) appetite ratings between two separate days has 79 

not been previously documented in overweight and obese individuals. 80 

With regard to ad libitum EI, EI at lunch was previously reported to be highly 81 

reproducible in eight overweight/obese individuals using the preload paradigm (Lara et al. 82 

2010). However, the ad libitum lunch meal was provided at a relatively short interval  (90 83 

minutes) after the preload in this study (Lara et al. 2010). The reproducibility could be 84 

influenced by the time interval (Rolls et al. 1991). Therefore, there is a need for further 85 

understanding of the reproducibility of subjective appetite ratings and ad libitum EI in 86 

overweight and obese individuals under standardised conditions. This knowledge can be used 87 

to inform appropriate sample sizes for the design of studies investigating changes in these 88 

parameters in the pathogenesis or treatment of obesity. 89 

The aims of the present study were to (i) determine the reproducibility of VAS for 90 

appetite ratings and ad libitum EI following a more typical inter-meal interval (ii) calculate 91 

minimum sample sizes required to detect hypothetical changes in appetite ratings and ad 92 

libitum EI in prospective studies, and (iii) examine relationships amongst the various 93 

appetite measures, in overweight and obese males. 94 

  95 
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Subjects and Methods 96 

Subjects 97 

Fifteen overweight and obese men [BMI 30.3±4.9kg/m2, percent body fat 32.1±8.0 %, age 98 

34.9±10.6yrs] participated. Nine were classified as overweight and six obese by BMI. 99 

Eating behaviour was assessed using the Three Factor Eating Questionnaire (Stunkard and 100 

Messick 1985). Height was measured without shoes to the nearest 0.5cm and weight to the 101 

nearest 0.01kg. Body composition was measured using air displacement plethysmography 102 

(Bodpod, Concord, CA). None of the participants had a history of gastrointestinal disease or 103 

surgery, significant illness, or were taking any medication known to affect appetite or EI. All 104 

participants indicated they were willing to consume study test meals described on a 105 

screening questionnaire. The study received ethical approval from Queensland University 106 

of Technology Research Ethics Committee. 107 

 108 

General Design 109 

Each participant participated in two identical test days 7 days apart. Participants were 110 

instructed to refrain from strenuous exercise and alcohol during the 24h prior to each test day. 111 

Participants were provided with a standardised evening meal (McCain Beef Lasagne 112 

(2447kJ) to consume as their main meal) at home prior to the test day and then fasted for 12h 113 

overnight. An identical process was followed prior to the second test day, and prior food 114 

intake on the test day was checked by diet recall.  115 

 116 

Fixed Breakfast 117 

On the test morning participants were provided with a fixed pancake breakfast spread with 118 

butter and strawberry jam [1676 kJ (400 kcal); 15g (15%) PRO, 17g (37%) Fat, 48g (48%) 119 

CHO)] with 250ml of water. This meal was used to be consistent with the other studies in this 120 
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series of studies on gastric emptying. Breath samples were given as described between 121 

breakfast and lunch (Horner et al. (In Press)). Participants remained in the laboratory in 122 

sedentary activities throughout. 123 

 124 

Appetite 125 

 Subjective appetite sensations were measured before and after the fixed breakfast, and 126 

periodically during the postprandial period using an electronic appetite rating system 127 

(Gibbons et al. 2011). Participants were asked to rate sensations of hunger, fullness and 128 

desire to eat on 100 mm visual analogue scales, anchored at each end with the statements not 129 

at all and extremely. Postprandial area under the curve (AUC) was calculated using the 130 

trapezoidal rule, and 5h mean values calculated by averaging the 6 post-breakfast ratings.  131 

 132 

Palatability 133 

Six questions concerning sweet, savoury, tasty, pleasant, filling and satisfying ratings of the 134 

test meals were assessed on a 100mm scale using an identical electronic appetite rating 135 

system (Gibbons et al. 2011) immediately post consumption of the fixed breakfast and ad 136 

libitum lunch meals.  137 

 138 

Ad libitum Energy Intake 139 

Five hours after the fixed breakfast, participants were provided with an ad libitum pasta lunch 140 

meal (pasta, tomato sauce and cheese; 47% CHO, 35% FAT, 18% PRO, energy content 141 

7.6kJ/g) and water. The meal was provided in a large serving dish with utensils and a 142 

plate and participants were instructed to help themselves to as much as they wished 143 
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until comfortably full. Water intake was recorded and the amount of food consumed was 144 

determined by weighing the meal before and after consumption. EI was calculated using the 145 

manufacturers’ nutrient values. 146 

 147 

Statistical Analysis 148 

Data are expressed as mean ±s.d unless otherwise stated. The Bland and Altman method 149 

(Bland and Altman 1986), coefficient of repeatability (CR), Pearson correlation coefficients 150 

and coefficient of intra-subject variation (CVintra) were calculated to assess the reproducibility 151 

and allow comparison with others. The CVintra was calculated as CVintra = SDd/(m√2) where 152 

SDd is the standard deviation of the differences between the repeated tests and m is the mean 153 

of the repeated tests (Deane et al. 2010, Lartigue et al. 1994). The coefficient of repeatability 154 

(CR = 2 x SD) for the mean differences between visits 1 and 2 was calculated (Bland and 155 

Altman 1986). The CR indicates the absolute variability of the method whereas the CV 156 

measures the relative variability (Gregersen et al. 2008). Pearson correlations were used to 157 

determine test-retest correlations and to determine relationships between variables. Based on 158 

the standard deviations observed in these parameters, sample size calculations to detect a 159 

hypothetical treatment effect with 80% power were calculated using Graph Pad StatMate 160 

version 2.0 for Mac (GraphPad Software, San Diego, CA, USA). Sample size calculations 161 

were undertaken by selecting the “compare two means (paired t test)” option in the software, 162 

entering the observed SD of the difference between pairs and the level of significance of 163 

0.05. Statistical analysis was performed using PASW Statistics 18.0 (SPSS Inc., Chicago, IL, 164 

USA). Significance was set at P<.05. 165 

  166 
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Results 167 

All participants (n=15) completed all components of the study. TFEQ scores for dietary 168 

Restraint, Hunger and Disinhibition were 7±3, 6±3, and 8±3 respectively.  169 

 170 

Appetite 171 

Subjective appetite scores for hunger, fullness and desire to eat are shown in Figure 1. 172 

 173 

 174 

[Figure 1 About Here] 175 

 176 

 177 

The reproducibility of fasting VAS scores, breakfast intra-meal differences (pre breakfast 178 

minus post breakfast rating), 5h postprandial mean ratings and 5h AUC values for hunger, 179 

fullness and desire to eat are shown in Table 1. Correlations between ratings on the first and 180 

second visit were strongest for mean 5h and 5h AUC ratings, and were weakest for fasting 181 

ratings (Table 1). Similarly, CRs were larger for fasting ratings (range 42-61mm) than mean 182 

5h ratings (range 16-24mm). CVs were largest for fasting ratings (34-68%) and lowest for 5h 183 

postprandial mean (11-20%) and 5h AUC (11-19%) ratings. 184 

 185 

[Table 1 About Here] 186 

Palatability 187 
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Palatability ratings for ‘sweet’, ‘savoury’, ‘tasty’, ‘pleasant’, ‘filling’ and ‘satisfying’ for 188 

breakfast and lunch meals were similar between test days (Table 2). The mean ratings for 189 

‘taste’, ‘pleasant’, ‘filling’ and ‘satisfying’ were >50mm on the 100mm scales for both the 190 

fixed breakfast and ad libitum lunch meals. 191 

 192 

[Table 2 About Here] 193 

 194 

Power Calculations for Subjective Appetite and Palatability Ratings 195 

Based on the standard deviations observed, sample size estimates required to detect a given 196 

change in a paired design study were calculated (Table 3). The sample size estimates 197 

indicate that smaller sample sizes are needed to detect changes in mean postprandial than 198 

fasting ratings (Table 3).   199 

 200 

   [Table 3 About Here] 201 

 202 

Ad libitum Energy Intake 203 

EI was not significantly different between the two visits (visit 1: 4095±1068kJ, visit 2: 204 

4572±1639kJ; P=0.10). There was a small increase in water intake at visit 2 (visit 1: 205 

327±114ml, visit 2: 365±82ml; P=0.04). A Bland Altman plot revealed a mean bias of 477kJ 206 

and a single outlier of 3442kJ for EI (Figure 2). Including the outlier in calculations, the CR 207 

was ±2129kJ and the CVintra 17.4%. The outlier did not have a significant influence on 208 

subjective appetite ratings. However, as the difference in EI between visits for the outlier was 209 

2.8 s.d. from the mean, the outlier was removed for the sample size calculations for ad 210 
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libitum EI. With the outlier removed the mean bias decreased to -265kJ, the CR to ±1408kJ 211 

and the CVintra to 11.5%. To detect a 500kJ and 1000kJ difference in a paired design, 212 

minimum sample sizes of 17 and 6 are needed, respectively. 213 

 214 

 215 

[Figure 2 About Here] 216 

 217 

 218 

The correlation between EI at visits 1 and 2 is shown in Figure 3. When the outlier was 219 

removed, the correlation coefficient increased to r=0.91 (R2=0.82, P<0.001).  220 

 221 

 222 

[Figure 3 About Here] 223 

 224 

 225 

 226 

Relationships Amongst Variables 227 

Correlation coefficients of subjective appetite ratings, TFEQ scores and ad libitum EI are 228 

shown in Table 4. When considering the mean of the two visits, postprandial 5h mean ratings 229 

of hunger and desire to eat were correlated with mean ad libitum EI. Pre-lunch ratings and 230 

intra-meal (i.e., pre-post lunch differences), were not correlated with ad libitum EI, with the 231 

exception of hunger at visit 2 (Table 4). However, the difference in the pre-lunch fullness 232 

rating between the two test days was negatively correlated with EI, indicating an increase in 233 

pre-lunch fullness from visit 1 to visit 2 was associated with a reduction in EI at the lunch 234 
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meal. There were no associations between mean palatability ratings or the difference in 235 

palatability ratings between the two visits and ad libitum EI (data not shown). 236 

 237 

 238 

[Table 4 About Here] 239 

 240 

Body weight, BMI, or percentage body fat were not significantly associated with ad libitum 241 

lunch EI (data not shown). However, there were significant relationships between TFEQ 242 

Hunger and Disinhibition and mean ad libitum EI (Table 4).   243 

  244 

  245 
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Discussion 246 

Food intake methodology is becoming increasingly important in obesity research (Blundell et 247 

al. 2009). It follows that claims about changes in appetite or the effects of interventions in 248 

overweight or obese people should be based on evidence from studies on this population 249 

(Blundell et al. 2010). The present study assists to inform the design and interpretation of 250 

studies by providing novel information regarding the reproducibility of subjective appetite 251 

ratings and ad libitum test meal EI in overweight and obese males.  Based on evidence of 252 

altered appetite sensations (Barkeling et al. 2007) and gut peptide release (Valera-Mora et al. 253 

2005) in overweight and obese individuals, it could be anticipated that subjective appetite 254 

ratings and ad libitum EI would demonstrate poor reproducibility in this population. 255 

However, the primary findings of the current study were that the reproducibility of appetite 256 

ratings and ad libitum EI are comparable to previous reports in normal weight adults (Raben 257 

et al. 1995; Flint et al. 2000; Gregersen et al. 2008) and that the intra-individual variability 258 

varies depending on the parameter of interest. 259 

 A consistent oscillating pattern was evident for subjective appetite ratings, similar to 260 

observations in other populations (Whybrow et al. 2005). CVs for 5h postprandial mean 261 

ratings and 5hAUC ratings ranged between 11 and 20%, consistent with studies in normal 262 

weight adults reporting CVs of between 7-24% for 4.5h mean and AUC ratings (Flint et al. 263 

2000). CRs for fastings ratings were larger than previously reported by Flint et al. (2000) in 264 

55 normal weight adults but were similar to those reported by Raben et al. (1995) in a sample 265 

of nine lean males. In addition, correlations between appetite ratings on the two test days 266 

were weakest for fasting ratings and strongest for postprandial mean 5h and AUC ratings. 267 

Others have similarly reported postprandial mean ratings to be more reproducible than fasting 268 

ratings in lean adults (Flint et al. 2000; Gonzalez et al. 2012). Flint et al. (2000) highlighted 269 

that this is not surprising as the role of a single erroneous rating is reduced when mean ratings 270 
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are calculated. While hourly postprandial ratings over 5h in the present study demonstrated 271 

good reproducibility, and were comparable to previous reports in lean adults assessed every 272 

30min over 4.5h (Flint et al. 2000), for shorter duration (e.g. ≤2h) appetite assessments more 273 

frequent VAS ratings (e.g. every 15-30min) may be important.  274 

The breakfast intra-meal difference (difference between pre and post breakfast rating) 275 

was more reproducible (CRs range 41 – 49 mm) than fasting ratings (CRs 42 – 61 mm) alone, 276 

but CRs were still large. One explanation may be the fixed energy content of the breakfast 277 

(1676kJ) in the present study. It is likely that the variability in intra-meal differences would 278 

be reduced if the energy content of the test meal is increased, or the energy content is tailored 279 

to BMI or body weight. Collectively, the present findings demonstrate that the reproducibility 280 

of subjective appetite ratings varies depending on the appetite parameter of interest, being 281 

most reproducible for postprandial mean and AUC ratings and least reproducible for fasting 282 

ratings in overweight and obese males. 283 

 With regard to ad libitum EI, Lara et al. (2010) previously assessed the reproducibility 284 

of ad libitum EI at a lunch meal served 90 minutes after a control or whey protein preload in 285 

overweight and obese individuals. They reported CVs of 4.5 and 11.2%, and a mean 286 

difference between visits of -50kJ and -142kJ respectively, for control and whey preloads. In 287 

contrast in the present study, the CVs were higher - 17.4 and 11.5%, the CRS  ±2129kJ and  288 

±1408kJ and correlation coefficients 0.76 and 0.90, with and without the outlier respectively, 289 

indicating a lower reproducibility. One possible explanation is the longer inter-meal interval 290 

(5h) in the present study. Indeed, the present findings are similar to Gregersen et al’s. (2008) 291 

- in normal weight males (without prior diet standardisation) - who used a similar inter-meal 292 

interval (4.5h), and reported a CV of 14.5%, CR of ±1.8MJ and r=0.65 for ad libitum EI at 293 

lunch. The authors concluded the ad libitum test meal is a reproducible method in normal 294 

weight males. Further, the variability in the present study did not appear to depend on the size 295 
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of EI. The present findings therefore add to previous work (Lara et al. 2010), suggesting that 296 

with a longer inter-meal interval (5h) ad libitum EI is less reproducible than previously 297 

reported after a shorter inter-meal interval (90min) (Lara et al. 2010). However, the 298 

reproducibility is consistent with previous reports in normal weight males following a similar 299 

inter-meal interval (Gregersen et al. 2008) and provides support that an ad libitum test meal is 300 

a suitable method of assessing changes in EI in overweight and obese males. 301 

 Information regarding the reproducibility of appetite and EI is necessary to determine 302 

estimates of appropriate sample sizes. The present data supports anecdotal evidence which 303 

suggests 20-25 participants are generally sufficient to capture a 10% difference in the mean 304 

or AUC appetite ratings in a paired design (Blundell et al. 2010). However, larger sample 305 

sizes are needed to assess changes in fasting appetite sensations in overweight and obese 306 

males. This is important to consider when both designing and interpreting studies in this 307 

population depending on the appetite variable of interest. The significant influence of an 308 

outlier on the reproducibility of ad libitum EI was evident in the present study and has 309 

similarly been documented by others (Venti et al. 2010). This may represent the extreme of 310 

intra-individual variability in this outcome measure and is important to consider when 311 

assessing individual changes in ad libitum EI. 312 

 A number of previous studies support the contention that appetite ratings are related 313 

to subsequent food intake when other factors are controlled (Blundell et al. 2010). However, 314 

in the present study we found no consistent strong significant associations between appetite 315 

ratings and ad libitum EI. Moreover, intra-individual variability in ad libitum EI did not 316 

appear to be associated with palatability ratings. The only variable associated with the 317 

difference in EI between Visits 1 and 2 was the difference in the pre-lunch rating for fullness. 318 

These findings contrast with evidence in normal weight adults of significant associations 319 

between a number of appetite ratings and subsequent EI (Flint et al. 2000). 320 
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 One explanation for the lack of consistent significant relationships between these 321 

parameters in the present study is that a variety of other factors may be more likely to 322 

influence appetite ratings and EI in overweight and obese individuals. Such factors could 323 

include the reward value of food (Finlayson et al. 2009), ‘social desirability’ or cognitive 324 

factors such as Disinhibition (Barkeling et al. 1995; Barkeling et al. 2007). Barkeling et al. 325 

(1995) suggested that obese individuals may find it less threatening to describe a great 326 

general hunger (assessed by TFEQ) compared to rating hunger on scales prior to an eating 327 

occasion and that  ‘social desirability’ to conform to norms may influence subjective appetite 328 

ratings in obese individuals.  329 

Other explanations may be that relationships between appetite ratings and EI are highly 330 

dependent on the timing of the meal or dependent on the sample size. For example hunger 331 

ratings late in the post meal period (e.g. 4-6h) when most of the previous meal has emptied, 332 

may have much less association to EI than differences earlier in the post meal period 333 

(Blundell et al. 2010). It is possible therefore that if the ad libitum meal was served earlier in 334 

the postprandial period (e.g at 3h) relationships between appetite and EI (e.g. mean 0-3h and 335 

EI at 3h) may have been stronger. Studies comparing relationships between appetite and EI 336 

over a range of inter-meal intervals in overweight and obese individuals may yield further 337 

information. In addition ad libitum EI was not associated with body weight or composition in 338 

the present study. Although others have shown similar findings in a small sample of 339 

overweight and obese individuals (Venti et al. 2010), in larger sample sizes relationships 340 

between ad libitum EI and body composition have been demonstrated (Blundell et al. 2011). 341 

Furthermore, as VAS ratings are inherently subjective, genuine inter-individual differences in 342 

interpretation of the scale could limit the inter-participant reliability (Stubbs et al. 2000) and 343 

thus this may be an additional explanation for the observed dissociations between appetite 344 

ratings and EI in obese males in the present study. 345 
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There are various methodological aspects to this study and reproducibility studies in 346 

general which deserve consideration. The best method to represent intra-individual variability 347 

remains a matter of debate (Hopkins, 2000). Although ultimately resulting in the same value, 348 

there is some variation in the CVintra formula used in reproducibility studies (e.g. CVintra = 349 

√(SUM(test1-test2)2/(2xpairs))/mean (Flint et al. 2000); and CVintra = SDd/(m√2) where m is 350 

the mean and SDd is the standard deviation of the differences between tests (Deane et al. 351 

2010; Lartigue et al. 1994)). For determining the reproducibility of VAS ratings some studies 352 

have compared the reproducibility of tests using paired t-tests or correlations (Lappalainen et 353 

al. 1993; Porrini et al. 1995). However, neither of these statistical procedures sufficiently 354 

describes the reproducibility of a method (Bland and Altman, 1986). As highlighted by Flint 355 

et al. (2000), it is clear that a strong correlation is not necessarily synonymous with a low CR 356 

and vice versa, indicating the correlation analysis should not be considered in isolation when 357 

assessing reproducibility. Therefore, although we have reported a range of different 358 

parameters to assess the reproducibility of the different measures we have focused on 359 

discussing primarily those which allow comparison with others.  360 

In the present study, although the 5h inter-meal interval may be considered more 361 

typical compared to shorter durations (<2h), it is acknowledged that a 5h interval without 362 

snacking is not. While currently the most common protocols in appetite studies involve 363 

studying changes over an interval without inter-meal snacking, the influence of an inter-meal 364 

snack on the reproducibility of VAS and EI would be of interest in future study. Finally, it is 365 

important to acknowledge that healthy adult overweight and obese males were studied to 366 

exclude any confounding effects of gender and phase of the menstrual cycle on appetite and 367 

EI (Brennan et al., 2009). A comparison of overweight with obese individuals was not 368 

undertaken due to the sample size in these subgroups. This is an area relevant to consider in 369 
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future investigations, along with studies in other populations including overweight and obese 370 

females. 371 

 To the best of our knowledge this is the first study to investigate the reproducibility of 372 

ad libitum EI and subjective appetite ratings over an inter-meal interval in an overweight and 373 

obese population. The data show that the reproducibility of subjective appetite ratings and ad 374 

libitum EI is similar to that reported in lean adults and the reproducibility and hence the 375 

sample size required for studies varies depending on the parameter of interest. This 376 

knowledge will assist in the interpretation of previous studies and design of future studies that 377 

aim to investigate changes in these parameters in the pathogenesis or treatment of obesity. 378 

 379 
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 492 

Figure legends 493 

 494 

Figure 1 Mean (± SEM) subjective appetite scores on the two test days (Visit 1: black filled 495 

circles; Visit 2: grey open circles). Pre bfast: pre breakfast; post bfast: post breakfast; plus1hr: 496 

1 h post breakfast; plus2hrs: 2 h post breakfast; plus 3hrs: 3h post breakfast; plus 4hrs: 4hpost 497 

breakfast; plus 5hrs: 5h post breakfast; post lunch: rating immediately after ad libitum lunch 498 

meal. 499 

 500 

Figure 2 Bland–Altman plot for ad libitum energy intake (EI) at the lunch test meal. The 501 

difference in EI between visits 1 and 2 (y axis) is plotted against the mean of EI for the two 502 

visits (x axis). Solid line indicates mean bias (-477kJ). Dashed lines indicate 95% limits of 503 

agreement. n=15. 504 

 505 

Figure 3 Energy intake at visit 2 plotted against energy intake at visit 1 at the ad libitum lunch 506 

meal. r=0.76, P<0.01. n=15. 507 

 508 

  509 
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Tables 510 

 Table 1 Reproducibility of Appetite Ratings at Visits 1 and 2. n=15. 

Variable 

Mean (SD) difference 

(Visit 1 – Visit 2) (mm)a 

95% CI 

P-value 

CV 

(%) CR  r 

Fasting Ratings     

 Hunger (mm) -4.6 (28.6) -20.5, 11.3 0.54 35 57.2 0.55* 

Fullness (mm) -7.6 (21.0) -9.7, 4.6 0.21 68 42.0 0.18 

 Desire to Eat (mm) -6.5 (30.2) -23.3, 10.2 0.42 34 60.5 0.47 

Breakfast Intra-meal Difference 

 Hunger (mm) -6.3 (24.0) -19.6, 7.0 0.51 62 48.1 0.59* 

Fullness (mm) 0.9 (24.4) -12.6, 14.5 0.91 41 48.9 0.44 

 Desire to Eat (mm) -7.7 (20.6) -19.2, 3.7 0.41 48 41.2 0.67** 

Mean 5h Ratings     

 Hunger (mm) 1.4 (8.1) -3.1, 5.9 0.51 11 16.2 0.92**** 

Fullness (mm) -3.3 (11.8) -9.8, 3.2 0.30 20 23.5 0.66** 

 Desire to Eat (mm) 1.1 (9.9) -4.4, 6.6 0.72 12 19.8 0.90**** 

Postprandial 5h AUC Ratings     

Hunger (mm.min) 334 (2407) -999, 1667 0.60 11 4814 0.92**** 

Fullness (mm.min) -852 (3469) -2773, 1069 0.36 19 6939 0.67** 

Desire to Eat (mm.min) 368 (3204) -1407, 2143 0.77 13 6408 0.88**** 

    

 Breakfast intra-meal difference: the difference between the post-breakfast and pre-511 
breakfast (fasting) rating. 512 
aMean difference: mean of (visit 1 – visit 2).  513 
* p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. 514 

 515 

  516 
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 Table 2 Reproducibility of Palatability Ratings at Visits 1 and 2. n=15 

Variable 

Mean (SD) difference 

(Visit 1 – Visit 2) (mm)a 

95 % CI 

P-value 

 

CV (%) CR (mm) r 

Breakfast     

 
Sweet -2.5 (21.3) -14.3, 9.4 0.67 27 42.7 0.20 

Savoury -0.8 (20.3) -12.0, 10.4 0.88 36 40.6 0.72** 

 Tasty -6.7 (13.6) -14.2, 1.0 0.08 17 27.2 0.83*** 

 
Pleasant 2.7 (15.1) -5.8, 11.0 0.52 18 30.2 0.83*** 

Filling -7.6 (27.5) -22.9, 7.6 0.30 33 55.1 0.19 

 Satisfying -7.9 (19.8) -18.8, 3.1 0.15 28 39.5 0.60* 

Lunch     

 
Sweet -9.1 (19.6) -20.0, 1.7 0.09 50 39.2 0.79*** 

Savoury 1.5 (17.0) -7.9, 10.9 0.74 18 33.9 0.73** 

 Tasty -1.8 (16.5) -10.9, 7.3 0.68 16 33.0 0.62* 

 
Pleasant -5.3 (18.8) -15.7, 5.2 0.30 19 37.6 0.60* 

Filling -5.0 (13.3) -12.4, 2.4 0.17 11 26.7 0.67** 

 Satisfying  -5.3 (15.3) -13.8, 3.2 0.20 14 30.7 0.68** 

    

a Mean difference: mean of (visit 1 – visit 2).  517 

* p < 0.05, ** p < 0.01, *** p < 0.001. 518 

 519 

  520 
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 521 

Fasting Ratings: rating prior to breakfast; Mean 5h ratings: mean of ratings 522 
between breakfast and lunch; Breakfast Intra-meal difference: the difference 523 
between the post-breakfast and pre-breakfast rating (i.e. post breakfast – 524 
pre-breakfast); Post-Breakfast: palatability ratings of the test meal assessed 525 
post breakfast (1647kj) meal; Post-Lunch: palatability ratings of the test meal 526 
assessed post ad libitum pasta lunch meal.  527 

a VAS: 100mm visual analogue scale using a computerised rating system (Gibbons et al. 2011). 528 

  529 

Table 3 Sample size estimates to detect a given change in VASa 

ratings in a paired design study (α = 0.05 and 80% power). 

  Change 

10mm 15mm 20mm 

Parameter Sample size required 

Fasting Ratings 

Hunger 65 29 17 

Fullness 36 17 10 

Desire to eat 73 33 19 

Breakfast Intra-meal Difference    

Hunger 47 22 13 

Fullness 48 22 13 

Desire to eat 35 16 10 

Mean 5h Ratings 

Hunger 7 <6 <6 

Fullness 12 6 <6 

Desire to eat 9 <6 <6 

Post-Breakfast 

Sweet 37 17 10 

Savoury 32 15 9 

Tasty 16 8 <6 

Pleasant 19 9 <6 

Filling 60 28 16 

Satisfying 32 15 9 

Post-Lunch 

Sweet 31 15 9 

Savoury 24 11 7 

Tasty 23 11 7 

Pleasant 29 14 8 

Filling 15 8 <6 

Satisfying 20 10 6 
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 530 

Table 4 Correlation coefficients (r) of appetite and TFEQ scores and ad libitum 

lunch energy intake. n=15. 

Ad libitum Energy Intake 
 

Variable Visit 1 Visit 2 Meana Differenceb 

Pre-lunch   

 
Hunger (mm) 0.39 0.46 0.44 0.34 

Fullness (mm) -0.31 -0.24 -0.20 -0.61* 

 Desire to Eat (mm) 0.28 0.27 0.28 0.25 

Intra-meal difference   

 
Hunger (mm) -0.35 -0.54* -0.46 -0.44 

Fullness (mm) 0.15 0.42 0.27 0.31 

 Desire to Eat (mm) 0.04 -0.40 -0.21 -0.04 

5h Mean   

 
Hunger (mm) 0.55* 0.46 0.52* 0.36 

Fullness (mm) -0.52* -0.29 -0.40 -0.47 

 Desire to Eat (mm) 0.60* 0.41 0.52* 0.25 

TFEQ   

 
Hunger 0.66** 0.31 0.51* - 

Disinhibition 0.49 0.48 0.51* - 

 Restraint -0.10 0.11 0.00 - 

     

Pre-lunch: rating immediately prior to lunch; intra-meal difference: the difference 531 
between the pre-lunch and post-lunch rating; 5h mean: mean of ratings between 532 
breakfast and lunch; TFEQ: Three Factor Eating Questionnaire. 533 
aMean: Mean of Visits 1 and 2 534 
bDifference: the difference between Visit 1 and Visit 2.  535 

* p ≤ 0.05, ** p < 0.01. 536 
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