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1. Introduction 1 

Caloric compensation refers to the ability to adjust energy intake (EI) in response to the energy 2 

density (ED) of food. This ability to self-regulate contributes to maintaining the energy balance 3 

and remaining at a healthy weight status. An individual’s caloric compensation ability can be 4 

tested in the laboratory using a preload paradigm (Birch & Deysher, 1985). This approach 5 

consists of offering a small amount of food (= preload) that is either low or high in ED (on two 6 

different days: a Low Energy Day [LED day] or a High Energy Day [HED day]), followed by an 7 

ad libitum meal after a fixed short period of time. To express the level of caloric compensation 8 

from the preload to the subsequent meal, a COMPX score is generally calculated. This score is 9 

obtained by dividing the difference in EI during the two ad libitum meals by the difference in EI 10 

from the two preloads, with the result multiplied by 100(Johnson & Birch, 1994): COMPX = [(EI 11 

of the meal after the LED preload – EI of the meal after the HED preload) / (EI of the HED 12 

preload – EI of the LED preload)] × 100. A COMPX of 100% reflects accurate compensation. In 13 

this case, the individual eats less food at the meal following the HED preload so that the total EI 14 

(preload + meal) in both conditions (LED, HED) are equal. A COMPX > 100% indicates 15 

overcompensation (i.e., the greater the COMPX increases over 100%, the greater the individual 16 

undereats after the HED preload, which leads to a lower total EI in the HED condition than in the 17 

LED condition), whereas a COMPX < 100% indicates undercompensation (i.e., the greater the 18 

COMPX decreases under 100%, the greater the individual overeats after the HED preload, which 19 

leads to a higher total EI in the HED condition than in the LED condition; COMPX values can 20 

extend into the negative range indicating in this case an even greater degree of 21 

undercompensation) (for details see Supplementary Figure 1). 22 

 23 

The preload paradigm has been used in children (Birch & Deysher, 1985). To bridge a gap in 24 

knowledge with regard to energy adjustment abilities in infants, we recently adapted the preload 25 
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paradigm for use in 11- and 15-month-old infants by offering a more or less caloric carrot puree 26 

25 minutes before a meal (Brugaillères, Issanchou, Nicklaus, Chabanet, & Schwartz, 2019). In 27 

our longitudinal study, we observed that infants undercompensated the calories from the preloads 28 

(~ 43 kcal) at 11 and 15 months of age and that this undercompensation was more important at 15 29 

months of age than at 11 months of age. This last result was in accordance with the hypothesis 30 

proposed by Fox et al., who suggested, on the basis of cross-sectional data, that appetite control 31 

abilities might deteriorate at approximately 1 year of age (Fox, Devaney, Reidy, Razafindrakoto, 32 

& Ziegler, 2006). Our work supports the hypothesis that infants at this age are not able to fully 33 

adjust for energy variation at the immediate meal following the preload. The question now turns 34 

to determining whether infants could improve their energy adjustment over longer periods of 35 

time. 36 

 37 

Other studies with different methodologies can be scrutinized to gather some pieces of 38 

information concerning caloric adjustment over longer periods than a single meal. On the basis of 39 

several 24 h dietary recalls per participant, some studies have calculated a coefficient of variation 40 

(CV) as a measure of the intraindividual variability of EI for intakes at the meal occasion level 41 

and at the day level in young children (Birch, Johnson, Andresen, Peters, & Schulte, 1991; Shea, 42 

Stein, Basch, Contento, &Zybert, 1992) and in 8- to 16-month-old infants (Pearcey & De Castro, 43 

1997).These studies all showed that the mean CV of EI is highly variable from meal to meal, 44 

whereas the mean CV of EI is less variable from day to day, providing evidence of a caloric 45 

adjustment over a 24-h period. Similarly, with another approach, a study based on 24-h dietary 46 

recalls reported a significant negative association between food ED and the average z-scores of 47 

the consumed portion size in infants from 4 to 11 months of age (Fox, Devaney, Reidy, 48 

Razafindrakoto, & Ziegler, 2006). The authors also concluded that infants of this age were able to 49 

adjust their EI by adapting the eaten quantities to the ED of food over the whole day. This group 50 
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of studies suggests that a caloric adjustment may occur over periods longer than a single meal, 51 

that is, over several meals. However, this assumption has been challenged with a recent study 52 

based on weighed assessments of EI over 5 days by showing that increasing or decreasing the ED 53 

of some foods modified the daily EI in children 3-5 years old due to a weight adjustment instead 54 

of a caloric adjustment (i.e., the children ate a consistent weight of food regardless of the ED of 55 

the food) (Smethers et al., 2019). 56 

 57 

In the present study, to advance the knowledge about infants’ ability to adjust their energy intake 58 

beyond a single meal, we examined the extent to which energy adjustment occurs up to 24 h after 59 

a single meal preceded by preloads of varying ED when infants were 11 and then 15 months old. 60 

In other words, the aim was to compare the short-term caloric adjustment calculated at the meal 61 

level with the caloric adjustment assessed over 12 h and over 24 h. The predominant assumption 62 

from the previous literature would be in favour of an improvement of caloric adjustment over the 63 

day, although not all published findings are consistent. To achieve this aim, infants went through 64 

a preload paradigm meal in the laboratory (the results from this part were already published 65 

(Brugaillères et al., 2019)), and their consumption was then recorded at home until the next day 66 

(for up to approximately 24 h after the preload consumption and the ad libitum meal); this was 67 

done at 11 and 15 months old. Thus, we were able to calculate a COMPX score for different 68 

periods after the preload at each age. 69 

 70 

2. Materials and methods 71 

2.1. Participants 72 

The study took place in Dijon (France). Parent-infant dyads were recruited from May 2015 to 73 

December 2016 using leaflets distributed to health professionals’ consulting rooms using our 74 

internal database (Chemosens Platform’s PanelSens, Commission Nationale de l’Informatique et 75 
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des Libertés (CNIL), n° 1148039) and with the help of a recruitment agency. Sixty-nine parent-76 

infant dyads were enrolled in this study, but as detailed in our previous paper, we obtained data 77 

on the infants’ short-term caloric adjustment at 11 and/or 15 months of age for 50 infants 78 

(Brugaillères et al., 2019). The data were collected from December 2015 to July 2017. 79 

Infants were included if they had no chronic health problems or food allergies, gestational age ≥ 80 

37 weeks, birth weight ≥ 2.5 kg, no history of being tube fed and no history of being fed a 81 

hydrolysate formula. Infants of mothers with diabetes or celiac disease and infants of minor 82 

parents (< 18 years old) were excluded. This study was conducted according to the guidelines 83 

established in the Declaration of Helsinki and was approved by the local ethics committee 84 

(Comité de Protection des Personnes Est I Bourgogne, 2015-A000014-45). Written informed 85 

consent was obtained from both parents. The participants received a 60 € voucher for completing 86 

the measures. 87 

 88 

2.2. Measurement of short-term caloric adjustment in the laboratory 89 

We performed a laboratory-based assessment of the infants’ short-term caloric adjustment ability 90 

by using the preload paradigm. This measure was performed twice for each infant, once when 91 

they were 11 months and once when they were 15 months old. The study design was detailed in 92 

our previous work (Brugaillères et al., 2019) and will thus be briefly described here. At each 93 

studied age, the measure required 2 visits to the laboratory on 2 non consecutive days at the same 94 

time of day. The preload consisted of 67 g of carrot puree that was either low or high in ED, 95 

depending on the day (LED day = 22 kcal, HED day = 65 kcal; the order was counterbalanced 96 

across infants). The HED preload was made by adding vegetable oil. Each infant was randomly 97 

assigned to a specific order group (LED/HED or HED/LED), and this order was the same at the 98 

two different ages. After a 25-min play period, the infants consumed an ad libitum meal 99 

composed of 300 g of vegetable and meat/fish puree followed by 195 g of a fruit puree. The 100 



6 

 

maximal energy content of the meal was 296 kcal. The quantities served were chosen to be 101 

greater than the mean quantities consumed between 10 and 17 months old (Chouraqui, 102 

Tavoularis, Simeoni, Ferry, & Turck, 2020). These quantities were also approved by a 103 

paediatrician so that the infants could not feel uncomfortable even if they consumed the entire 104 

meal. Additionally, to respect the infants’ food preferences, the recipes were beforehand chosen 105 

by the mother among our preselection of recipes with similar EDs. Each infant was offered the 106 

same ad libitum meal (the same recipes) at each studied age.  107 

For both the preload and the meal, the infants were fed by the mother. While the preload had to 108 

be consumed entirely, the mother stopped offering each food item of the ad libitum meal after 109 

two consecutive refusals. The mother was blinded to the situation: she did not know the condition 110 

(HED vs. LED) or in which served food during the meal to which the vegetable oil had been 111 

added. The weight intake (g) of each meal component was assessed by weighing the bowl, as 112 

well as the infant’s bib, before and after consumption (Soehnle, 1 g). The EI was then calculated 113 

according to the ED information from the manufacturers. At 11 and 15 months of age, as a result 114 

of the preload paradigm, a COMPX score was available for each infant; for additional details, 115 

refer to Brugaillères et al. (2019). 116 

 117 

2.3. Food consumption diaries 118 

To assess the caloric adjustment over longer periods after coming to the laboratory 119 

(approximately 12 h and 24 h), we used 24 h dietary records. For infants at 11 and 15 months of 120 

age, the mother (or the main caregiver) completed a food record booklet at home over a period of 121 

approximately 24 h following the 2 laboratory visits (the LED and HED days). For example, if 122 

the first day in the laboratory took place on Monday at lunch time, the mother completed the food 123 

record booklet until Tuesday, lunch included (Figure 1). The composition of the meals offered at 124 

home was left to the discretion of the caregivers. 125 
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The caregiver was asked to provide qualitative and quantitative information on all foods and 126 

drinks (including milk) consumed by the infant and to be as precise as possible (e.g., reduced-fat 127 

dairy, addition of butter). To ensure the quality of the recordings, the food record booklet 128 

contained detailed instructions. The qualitative description included the time of each food episode 129 

and the details of the offered foods: brand name for manufactured foods, the name and individual 130 

components for homemade preparations, and the estimated quantities of added caloric ingredients 131 

if applicable (e.g., 1 knob of butter, a pinch of grated cheese). Evaluations of eaten quantities 132 

were made by weighing each plate/bottle/cup before and after consumption with a scale that we 133 

provided to the parents (Soehnle, 1 g). The milk intake of breastfed infants (N = 6 at 11 months 134 

and N = 3 at 15 months) was assessed by weighing the infant before and after breastfeeding with 135 

a baby scale also provided to the parents (Soehnle professional 8310.01, precision: 10 g). The 136 

caregiver was also given a booklet of photographs of reference portion sizes adapted for infants 137 

up to 36 months of age as a complementary tool for estimating food quantities when weighing 138 

was not possible. This booklet was developed by the CREDOC (Centre de Recherche pour 139 

l’Etude et l’Observation des Conditions de Vie — Research Centre for the Study and Observation 140 

of Living Conditions, Chouraqui, et al., 2020). We completed this booklet by adding photographs 141 

of reference portion sizes for vegetables in pieces, non-caloric sweeteners and caloric ingredients 142 

(Chantilly cream and salad dressing) not included in the CREDOC version. 143 

 144 

*Please insert Figure 1* 145 

 146 

At each studied age, the 2 × 24 h dietary data collected were collated and reviewed by a 147 

registered dietician (SM). Based on the quantities consumed and the ED of each food, the 148 

dietician calculated the EI (kcal) of each consumed food. French national dietary databases were 149 

used: the 2016 CIQUAL (Centre d’Information sur la Qualité des Aliments — Centre for 150 
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Information on Food Quality) composition table or the 2013 CIQUAL composition table when 151 

the 2016 version did not contain the target food (CIQUAL, 2016). For manufactured foods and 152 

drinks (including infant formula), we used the ED provided by the manufacturers on the product 153 

label, or if that information was not available, we reported the ED of the closest average product 154 

listed in the CIQUAL table. When needed, these databases were supplemented with new foods 155 

based on manufacturer information and standard recipes. The breast milk ED was considered 156 

equal to 62.4 kcal/100 mL according to the value reported by Grote and colleagues (Grote et al., 157 

2016) for 6-month-old breastfed infants.  158 

Although many details were requested regarding the exact composition of each offered food, we 159 

sometimes had missing information regarding mixed dishes. In such cases, we used an estimation 160 

of the proportion of each ingredient (meat/fish, vegetable, starchy foods, and added caloric 161 

ingredients) based on the French nutritional guidelines (PNNS, Programme National Nutrition 162 

Santé — National Nutrition Health Programme) (PNNS, 2004 édition corrigée 2015) or based on 163 

the French guidelines for food service including nurseries (GEMRCN, Groupement d’Etude des 164 

Marchés  en Restauration Collective et de Nutrition — public catering and nutrition market study 165 

group) when applicable (GEMRCN, 2015).For each infant and each day (the LED day and the 166 

HED day), EI was calculated for the 12-h period after preload consumption (i.e., if the laboratory 167 

test meal occurred at lunch time, this period encompassed all food consumption until midnight; 168 

Figure 1) and for the 24-h period after preload consumption (i.e., if the laboratory test meal 169 

occurred at lunch time, this period encompassed all food consumption until the next lunch; Figure 170 

1). The same approach was applied if the laboratory meal occurred at dinner time (6% of the 171 

visits). 172 

2.4. Statistical analysis 173 
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Analyses were performed using R software for Windows (version 3.6.1), and a linear mixed 174 

model was estimated using the nlme package (Pinheiro et al., 2020). The results are reported as 175 

the mean ± SD. Statistical significance was set at P< 0.05. 176 

Based on the EI recorded during the laboratory test meals, we first calculated the short-term 177 

caloric compensation scores at 11 and 15 months of age (later referred to as 0h-COMPX11mo and 178 

0h-COMPX15mo). Based on the EI consumed during the 12- and 24-h periods after preload 179 

consumption, two variables related to caloric adjustment were calculated at each age: 12h-180 

COMPX and 24h-COMPX. These variables were calculated according to the original COMPX 181 

equation (Johnson & Birch, 1994). In this equation, the numerator [(EI of the meal after the LED 182 

preload – EI of the meal after the HED preload)] was replaced by [(EI of meals during the 12/24 183 

h period after the LED preload – EI of meals during the 12/24 h period after the HED preload)]. 184 

In these variables, we considered the EI from the ad libitum meal taken at the laboratory plus the 185 

EI from the meals taken at home during the period of interest (i.e., 12 h or 24 h). For example, the 186 

12h-COMPX= [(EI of meals during the 12-h period after the LED preload – EI of meals during 187 

the 12-h period after the HED preload)/(EI of the HED preload – EI of the LED preload)] × 100. 188 

For each infant, we obtained at most 3 COMPX scores at each age (i.e., 0h-COMPX11mo,12h-189 

COMPX11mo, and 24h-COMPX11mo, and 0h-COMPX15mo, 12h-COMPX15mo, and 24h-190 

COMPX15mo). 191 

A linear mixed model was used to evaluate the effect of age and of the period considered (3-level 192 

factor: 0 h, 12 h, 24 h) on the COMPX score. The fixed part of the model was age + period + age 193 

× period (two factors with interaction), and these effects were also considered random, using a 194 

general positive-definite matrix for the random-effects covariance matrix, that is, an unstructured 195 

variance-covariance matrix (6 rows, 6 columns). In other words, the variance was supposed to be 196 

heterogeneous across periods and across ages (6 different variances), allowing for the fact that 197 

variance could depend both on age and on the period considered, and the correlation matrix 198 
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between COMPX scores was supposed to be unstructured, allowing for a higher correlation 199 

between a 12- and a 24 h-period COMPX score than between a 0 h- and a 12 h-period COMPX 200 

score. Such correlations account for the structural dependence between the 0 h- and 12 h-period 201 

COMPX, between the 0 h- and 24 h-period COMPX score, and above all between the 12 h- and 202 

24 h-period COMPX score, induced by the calculation (partial coverage of the periods 203 

considered). Moreover, these correlations could account for a possible correlation between scores 204 

calculated at 11 months and at 15 months. Predictions and 95% confidence intervals were 205 

obtained with this model. Finally, non significant fixed terms were removed in a second model. 206 

 207 

3. Results 208 

The 50 infants (23 females) for whom we calculated a short-term COMPX at 11 and/or 15 209 

months (i.e., 0h-COMPX11mo and/or 0h-COMPX15mo) were characterized by a mean gestational 210 

age of 39.7 ± 1.4 weeks and a mean birth weight of 3.4 ± 0.4 kg (z-score BMI at birth = 0.4 ± 211 

0.9).The durations of exclusive and total breastfeeding were 8.3 ± 8.7 weeks and 15.2 ± 19.1 212 

weeks, respectively. The observed age at the start of complementary feeding of 4.9 ± 0.9 months 213 

was consistent with the age reported in a French representative cohort study (Bournez et al., 214 

2018). The infants’ z-scores BMI were -0.4 ± 1.0 at 11 months (N = 45) and at 15 months (N = 215 

33). The mothers’ characteristics were described in our previous paper (Brugaillères et al., 2019). 216 

Among the 46 infants for whom we obtained a 0h-COMPX11mo, we had intake data to calculate 217 

the 12h-COMPX11mo for 31 infants (15 females) (Figure 2). Then, among these 31 infants, we 218 

had intake data to calculate the 24h-COMPX11mo for 22 of them (11 females). Among the 35 219 

infants for whom we obtained a 0h-COMPX15mo, we were able to calculate the 12h-COMPX15mo 220 

for 31 of them (14 females). From these 31 infants, we calculated the 24h-COMPX15mo for 24 (12 221 

females). At both studied ages, the loss of participants for the calculation of the 12h- and 24h-222 

COMPX was due to absent or incomplete information in the food diaries. On average, during the 223 
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12-h period after the laboratory visit (considered for the 12h-COMPX calculation), the infants 224 

consumed at home 5 and 6 food items at 11 and 15 months of age, respectively. The mean time 225 

period between the laboratory visit and the last food consumption recorded on the diaries until 226 

midnight (considered for the 12h-COMPX calculation) was 9 ± 2 h. During the 24-h period 227 

(considered for the 24h-COMPX calculation), the infants consumed at home an average of 9 and 228 

10 food items at 11 and 15 months of age, respectively. The mean time period between the 229 

laboratory visit and the next lunch recorded on the diaries (or the next dinner when the laboratory 230 

visit occurred at dinner time) was 25 ± 1 h. 231 

 232 

*Please insert Figure 2* 233 

 234 

3.1. Description of the infant’s energy intake (except EI from the preload) 235 

At 11 months, the EI from the ad libitum meal taken at the laboratory was 138 ± 64 kcal on the 236 

LED day and 120 ± 57 kcal on the HED day (N = 46). The EI during the 12-h period post preload 237 

(N = 31) was 486 ± 103 kcal for the LED day and 480 ± 102 kcal for the HED day. The EI during 238 

the 24-h period post preload (N = 22) was 842 ± 145 kcal and 824 ± 165 kcal for the LED and 239 

HED days, respectively. At 15 months of age, the EI from the ad libitum meal taken at the 240 

laboratory was 119 ± 56 kcal on the LED day and 119 ± 53 kcal on the HED day (N = 35). The 241 

EI during the 12-h period post preload (N = 31) was 484 ± 95 kcal for the LED day and 508 ± 242 

142 kcal for the HED day. The EI during the 24-h period (N = 24) was 886 ± 142 kcal and 920 ± 243 

169 kcal for the LED and HED days, respectively. The same EI data are presented in Figure 3 for 244 

the infants for whom we had complete EI data at 11 months (N = 22, Figure 3A) and at 15 245 

months (N = 24, Figure 3B). 246 

*Please insert Figure 3* 247 

 248 
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3.2. COMPX: linear mixed model 249 

The mixed model showed a significant age effect (P = 0.03), but no significant effect of the 250 

period considered (P=0.55), and no interaction between age and period (P=0.47). On average, the 251 

compensation was lower at 15 months than at 11 months (Table 1), and the data showed no 252 

adjustment over longer periods than the short term (COMPX scores at 0 h, 12 h and 24 h were 253 

not significantly different). Confidence intervals for the predictions (Figure 4) showed that the 254 

average scores were significantly lower than 100%, indicating undercompensation, except at 11 255 

months for 24h-COMPX. 256 

*Please insert here Table 1* 257 

Table 1: COMPX scores: row means and standard deviations, estimated means, estimated 258 

standard errors and 95% confidence intervals corresponding to the fixed part of the linear 259 

mixed model. 260 

 Row mean ± SD (N) 
Estimated 

mean 

Estimated 

Std error 

95% 

Confidence 

interval 

11 months     

0h-COMPX11mo 44 ± 119 (N = 46) 44 17 [9,78] 

12h-COMPX11mo 14 ± 193 (N = 31) 17 34 [-50,84] 

24h-COMPX11mo 39 ± 371 (N = 22) 54 67 [-78,186] 

15 months     

0h-COMPX15mo -16 ± 151 (N = 35) -17 25 [-66,33] 

12h-COMPX15mo -59 ± 269 (N = 31) -62 48 [-157,33] 

24h-COMPX15mo -87 ± 448 (N = 24) -114 86 [-285,56] 

 261 

In the second model, non significant fixed effects (i.e., the time effect and the interaction between 262 

time and age) were removed. The 95% confidence intervals for the COMPX scores were [5, 69] 263 

and [-69,24] for 11 and 15 months, respectively. They were significantly lower than 100%, 264 

showing undercompensation at both ages. 265 

 266 

*Please insert Figure 4* 267 
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Figure 4: Estimated means and 95% confidence intervals for COMPX scores at 11 and 15 268 

months over the 0-h period, over the 12-h period, and over the 24-h period following the 269 

preload (linear mixed model). 270 

 271 

The random parameters of the 1st model (Table 2) showed that the variance of individual 272 

COMPX scores increased over the periods and was higher at 15 months than at 11 months. The 273 

general positive-definite structure of the random part (unstructured variance-covariance) 274 

accounted for the structural dependence between the COMPX calculated over shorter or longer 275 

periods. Indeed, at both 11 and 15 months, 12h-COMPX and 24h-COMPX were highly 276 

correlated (0.74 and 0.76), and 0h-COMPX showed a correlation with 12h-COMPX (0.48 and 277 

0.25) and 24h-COMPX (0.51 and 0.08). 278 

 279 

Table 2: Random part of the linear mixed model: standard deviations of estimated 280 

individual COMPX scores and correlations between estimated individual COMPX scores 281 

(general positive-definite structure). 282 

 StdDev  Corr 

   
0h-

COMPX11mo 

12h-

COMPX11mo 

24h-

COMPX11mo 

0h-

COMPX15mo 

12h-

COMPX15mo 

0h-COMPX11mo 105       

12h-COMPX11mo 186  0.48     

24h-COMPX11mo 359  0.51 0.74    

0h-COMPX15mo 140  0.10 -0.06 -0.30   

12h-COMPX15mo 263  0.15 0.06 0.09 0.25  

24h-COMPX15mo 457        -0.07 0.10 0.25 0.08 0.76 

        

Residual 55       

 283 

4. Discussion 284 

In this study, we investigated the extent to which 11- and 15-month-old infants were able to 285 

adjust intake immediately following preloading of varying EDs (in the short term), as well as up 286 
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to 12 and 24 h later. We showed that at both studied ages, the infants undercompensated their 287 

energy intake in the short term and that, on average, compensation did not improve over a longer 288 

period. In other words, energy compensation did not improve over time regardless of age. This 289 

result is aligned with the recent conclusions from Smethers et al. (Smethers et al., 2019).Clearly, 290 

this finding counters the predominant assumption in the literature that infants are able to adjust 291 

their energy intake on a daily basis and calls for more exploration. 292 

 293 

Moreover, at both ages, the variance in COMPX scores increased over longer periods of time. 294 

This increase in the variance may be linked to the fact that the offered foods were different for all 295 

infants at home, and all the more so as the time elapsed was longer. In addition, the variance 296 

seemed to be more important at 15 months than at 11 months. We hypothesize that there are more 297 

differences in dietary intake (in terms of food and quantity) between infants at 15 months old 298 

than at 11 months old and that the 24 h dietary records may be less accurate at 15 months than at 299 

11 months of age. A French survey revealed that the proportion of offered adult foods compared 300 

with specific infant foods increases around the age of 12 months (Ghisolfi et al., 2013). This 301 

complexification (more composite recipes) of the diet could make it more difficult for the parents 302 

to report their infants’ dietary food intake at 15 months of age and for us to evaluate the ED of 303 

the foods, thus leading to a less accurate assessment of the caloric adjustment at 15 months old 304 

over the longer periods (12 h and 24 h).However, we tried to limit inaccuracies in reported food 305 

quantities by instructing the parents to weigh each plate and by giving the parents very precise 306 

instructions. In this regard, it seems that this limitation was unlikely, as demonstrated by the 307 

proximity between our mean EI values (over the 24 h periods) and the mean daily EI reported for 308 

infants of similar age ranges in France by others (850 and 913 kcal/d in 10- to 11- and 12- to 17-309 

month-old bottle-fed infants, respectively) (Chouraqui et al., 2020). 310 

 311 
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The main limitation of this study was the loss of EI data collected at home. Consequently, we 312 

were not able to calculate the caloric adjustment over the 12-h period and particularly over the 313 

24-h period for all participants. This effect reduced the power for the statistical analysis when 314 

comparing the COMPX scores. Nevertheless, our sample remains in the same range as other 315 

studies based on 24 h dietary records conducted of 8- to 16-month-old infants (N = 29) (Pearcey 316 

& De Castro, 1997) and of 2- to 5-year-old children (N = 15) (Birch et al., 1991).  317 

Of course, the fall back solutions to the limitations linked to the fact that part of our study was 318 

conducted at home would have been to assess EI over longer periods under the controlled 319 

conditions of the laboratory. Owing to practical reasons, assessing food intake for 12 h (and even 320 

more for 24 h) in controlled conditions at the laboratory with infants of this age (and their 321 

parents) is extremely difficult to set up. Regarding our methodology, one can wonder whether the 322 

calories contributed by the preloads were too low to affect subsequent intake over a period as 323 

long as 24 h (LED provided 22 kcal and HED provided 65 kcal; a required minimal consumption 324 

of 85% of the preload was set so that the difference between the LED and HED preloads was at 325 

least 33 kcal).  326 

Although different methodologies prevent easy comparisons between studies, the fact that the 327 

mean observed 0h-COMPX scores at 11 mo were within the range of reported values of some 328 

previous studies in children (21-70%) (Carnell, Benson, Gibson, Mais, &Warkentin, 2017; 329 

Johnson, 2000; Johnson & Birch, 1994; Remy, Issanchou, Chabanet, Boggio, & Nicklaus, 2015; 330 

Zandstra, Mathey, Graaf, & van Staveren, 2000), although different from other studies [77-105%] 331 

(Faith et al., 2004; Hetherington, Wood, & Lyburn, 2000; Kasese-Hara, Wright, &Drewett, 2002; 332 

Tripicchio et al., 2014), this is an argument in favour of our preloading paradigm, especially the 333 

chosen energy density for the preloads (LED preload= 22 kcal, HED day = 65 kcal, that is, 3-fold 334 

higher than the LED preload). For illustration, the difference of 43 kcal between LED and HED 335 

is not insignificant: it represents, for example, 130 g of plain carrot puree (ready-to-eat baby 336 
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food) or 69 g of infant formula. The use of weighed dietary records is sufficiently precise 337 

considering what the difference in kcal between the LED and HED preloads represents in terms 338 

of the quantity of food. 339 

 340 

Studies concerning appetite control abilities in infants are rare due to methodological and 341 

experimental constraints. Our main result requires the application of a public health perspective. 342 

Among infants between 11 and 15 months old, when the ED of a familiar food is modified, 343 

energy compensation occurs immediately but is partial (and more or less so depending on the 344 

individuals) and does not improve over the subsequent 24 h. To our knowledge, the present paper 345 

is the first to report this in this age range. This means that variations of the ED of a familiar food 346 

in the sense of an increase in ED (even quite slight) in the diet of infants as young as 11-15 347 

months old might increase their daily energy intake. However, even a slight imbalance of the 348 

energy balance can promote rapid weight gain in the first few months if it is repeated, which is a 349 

risk factor for the development of an overweight condition. More research is warranted to unravel 350 

appetite control abilities in infancy, focusing on facilitators and barriers to efficient appetite 351 

control abilities. 352 

 353 

This trial was registered at www.clinicaltrials.gov as NCT03409042 354 

(https://clinicaltrials.gov/ct2/show/NCT03409042). 355 
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Figure captions 

Figure 1: Schematic representation of the data collection and the output variables derived from it. 

Figure 2: Flow-chart: number of individuals with 0h-COMPX, 12h-COMPX and 24h-COMPX 

values available at 11 and 15 months (N=50). The number of common infants between ages is 31, 

19 and 10, respectively for the 0h-, the 12h- and the 24h- COMPX. 

Figure 3: Mean energy intake (kcal) with 95% confidence intervals for each time period (0h = 

laboratory meal, 12h = 12h home record, 24 h = 24 h home record) following the preload 

consumption calculated at 11 months (N = 22, A) and at 15 months (N = 24, B). LED: Low 

Energy Density; HED: High Energy Density. 

Figure 4: Estimated means and 95% confidence intervals for COMPX scores at 11 and 15 

months, over the 0-h period, over the 12-h period and over the 24-h period following the preload 

(linear mixed model, N=50). 

 

 
















