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Abstract
Background/Objectives: Eating in the absence of hunger (EAH) has been linked to obesity in adults and children. This study examined the stability of EAH in children between 4.5 and 6 years old, and associations with energy intake and portion selection, as well as cross-sectional and prospective associations with body composition. 
Methods:  The participants were 158 boys and girls from the Growing Up in Singapore Towards healthy Outcomes cohort. At ages 4.5 and 6 years old children were provided lunch ad libitum, and immediately afterwards were exposed to palatable snacks to measure energy intake in the absence of hunger. At age 6 children completed an additional computer-based task to measure ideal portion size, where they selected pictures of the portions they would like to eat across eight foods. Measures of anthropometry (height/weight/skinfolds) were collected at both ages. 
Results: Children who consumed energy during the EAH task at age 4.5 years were 3 times more likely to also do so at age 6 years. Children with high EAH intakes at age 4.5 years had high EAH intakes at age 6, highlighting stability of this behaviour over time. Energy consumed at lunch was unrelated to energy consumed during the EAH task, but children who ate in the absence of hunger cumulatively consumed more energy over lunch and the EAH task. Children who showed EAH tended to select larger ideal portions of foods during the computer task. EAH was not associated with measures of body composition. 
Conclusions: EAH is a stable behavioural risk factor for increased energy intake, but was not associated with body composition in this cohort. The majority of children ate in the absence of hunger, suggesting that interventions aimed at reducing responsiveness to external food cues could help to reduce energy intakes.
1.0 Introduction
Increasing rates of obesity observed since the mid-20th century have been partially attributed to changes in the food environment, abundant in affordable, palatable and energy-dense foods, often served in large quantities, that promote greater energy intakes within and around meal times (McAllister et al., 2009, Gill, 2015). Responsiveness to environmental food cues like the sight or smell of foods can be reflected in physiological and behavioural responses. This includes increased salivation and endocrine changes, as well as increases in subjective appetite and selecting and consuming larger quantities of food (Ferriday and Brunstrom, 2008, Oakes and Slotterback, 2000, Nederkoorn et al., 2000, Blundell et al., 2005, Epstein et al., 1996, Fisher et al., 2003). Though the ‘obesogenic environment’ is thought to promote overconsumption, there are individual differences in appetitive traits and responsiveness to environmental food cues, which emerge early in life and stabilise during development, and help to explain why not everybody overconsumes energy and develops obesity (Llewellyn and Wardle, 2015).
Eating despite being full when exposed to palatable foods is a behavioural expression of heightened food responsiveness that could put children at risk of overconsuming calories. This behaviour can be empirically measured by exposing children to freely available snacks immediately after consuming a meal to satiety, in what Fisher and Birch (2002) conceptualised as the ‘Eating in the Absence of Hunger’ (EAH) paradigm. The EAH paradigm is primarily thought to test a child’s responsiveness to external palatable food cues, however increased energy intake during this task might also reflect some aspects of satiety responsiveness (Carnell and Wardle, 2007), disinhibited eating (Tanofsky-Kraff et al., 2008, van Strien and Oosterveld, 2008) and emotional arousal (Wallis and Hetherington, 2004). Moreover, the propensity to eat without hunger has hereditary and genetic components (Fisher et al., 2007a, Wardle et al., 2009) that are likely to be perpetuated by certain parental feeding practices, such as restriction of foods (Cutting et al., 1999, Fisher and Birch, 1999), indicating the potential for large individual differences in this behaviour. 
EAH has been shown to be more prevalent among children with overweight/obesity, or at higher familial risk for overweight/obesity (Moens and Braet, 2007, Francis and Birch, 2005, Francis et al., 2007, Faith et al., 2006, Jansen et al., 2003). However, many of the studies examining the link between EAH and obesity in paediatric populations have been conducted only on girls, and those conducted on both boys and girls suggest that this relationship could be dependent on the child’s sex and age (for full review see Lansigan et al., 2015). Studies conducted with girls show that EAH is stable over time (Fisher and Birch, 2002) and is linked to higher adiposity and prospective weight gain (Shunk and Birch, 2004). Among studies which considered both sexes, some showed that EAH is linked to higher adiposity in girls, but not boys (Cutting et al., 1999), while others demonstrated the links with adiposity among boys, but not girls (Hill et al., 2008). Further research is needed to examine the stability of this behaviour among children from both sexes, and the potential links with body composition and weight gain over time.  
Children who eat in the absence of hunger may be at risk for overconsuming calories and developing obesity, but it is unclear whether they also demonstrate other behaviours associated with higher energy intakes, such as selecting and consuming larger portions of food. Previous research demonstrated that among 4 year old children EAH was linked with increased intake of foods at lunch, particularly when children were presented with larger portions of food to consume (Fisher et al., 2003). Children, like adults, eat more when they are served larger portions of food (Fisher et al., 2007b, Birch et al., 2000, Steenhuis and Vermeer, 2009, Kling et al., 2016) and it has been suggested that encouraging children to self-serve their food could be a strategy to promote self-regulation and reduce intake (Birch et al., 1991). However, there are individual differences in self-served food portions and not all children eat less when given the opportunity to serve themselves at a meal (Savage et al., 2012, Branen et al., 1997, Fisher, 2007). It is possible that selecting larger portions of food could reflect a similar dimension of food cue responsiveness as that captured by the EAH paradigm, and highly food responsive children may select and consume larger portions of different foods, not just palatable snacks.
To better understand the link between EAH and weight status during childhood, the current study sought to test whether EAH is stable over time and is associated with larger portion selection, increased energy intake and adiposity in children. Specifically, we first examined whether EAH is a stable behaviour between 4.5 and 6 years of age (1). We then investigated the links between EAH and (2) energy consumed during an ad libitum lunchtime meal, (3) child selected ideal portion sizes across a range of foods (4) and child adiposity. We hypothesised that EAH would show stability from 4.5 to 6 years. We further predicted that children who ate in the absence of hunger would consume more energy at lunch, would have higher cumulative energy intakes across the two eating occasions and would select larger portions of foods on a computer based portion selection task. Finally, we predicted that EAH would be associated with higher BMI and higher adiposity at both time points, and children who ate in the absence of hunger at age 4.5 years would have higher BMI and greater increase in BMI between the ages 4.5 and 6 years.

2.0 Methods
2.1 Participants 
The participants in this study were children from the Growing Up in Singapore Towards healthy Outcomes (GUSTO) cohort (N=1247), who participated in eating behaviour measures (lunch selection and intake, and the EAH task) at 4.5 (± 2 months) and 6 (± 2 months) years of age. Eligibility criteria and recruitment methodology for the GUSTO cohort are described in detail elsewhere (Soh et al., 2014). Pregnant women (18-50 years) were recruited from two major public hospitals in Singapore. Participants had to be Chinese, Malay or Indian with parents of homogenous ethnicity. Written informed consent was collected on recruitment. Selection criteria for participation in this study are described in the participant flowchart (Appendix A). All parents recruited into the cohort were invited to take part in the eating behaviour measures, but participation depended on the family schedules, availability of the test slots in the hospitals involved and attendance at previous eating behaviour tasks. Specific reasons for the lack of participation were not recorded. 
Of the 368 children who participated in the eating behaviour tasks at 4.5 years, 242 children attended the follow-up tasks at 6 years. Children who failed to attend the follow-up did not differ from the remaining sample in sex, ethnicity, BMIz, maternal characteristics (age, pre-pregnancy weight, education level) or any anthropometric measures at 4.5 years. Children who consumed less than 50 grams of food at lunch and/or indicated that they were still hungry afterwards were excluded, as absence of hunger could not be assumed for these children (n= 6 at 4.5 years and n= 78 at 6 years; in line with previous approach by Fisher and Birch, 2002). At age 6 years more children were excluded due to insufficient intake, which was probably influenced by only a single food being served, compared to the buffet served at age 4.5 years. The final sample consisted of 158 children. 

2.2 Lunchtime meal intake
The lunch took place in the same test room equipped with child appropriate furniture and utensils at both time points. Children were fasted for a minimum of 3 hours before lunch. 
At 4.5 years, children consumed lunch with only their mother present in the room. Prior to the meal, mothers were requested to not interfere with children’s food choice and to interact with children in an otherwise usual manner. Participants were told they could eat as much or as little as they wished, and were given up to 30 minutes to consume the meal. Children were served an ad libitum buffet lunch consisting of 9 foods and 3 drinks that had previously been identified as liked and familiar products based on food frequency questionnaires (FFQ) collected from the same cohort at an earlier time point.
The foods and drinks served were: white bread (Gardenia; 2.63 kcal/g; 6 slices), Honey Stars cereal (Nestle; 3.8 kcal/g; 80g), pancakes (Aunty Jemima; 3 kcal/g; 70g), chocolate cake (Sara Lee; 4.3 kcal/g; 80g), cheese (Cowhead; 2.95 kcal/g; 66g), chicken cocktail sausage (Fairprice; 2.95 kcal/g; 192g), chicken nuggets (CP; 2.29 kcal/g; 216g), apple slices (0.44 kcal/g; 204g), canned corn (Hosen; 0.81 kcal/g; 160g), apple juice (Marigold; 0.5 kcal/ml; 6 boxes), full cream milk (Marigold; 0.65 kcal/ml; 6 boxes) and water. Additional portions of each item were also available should any single item have been fully consumed during the meal. Before and after the meal children were given a subjective 5-point picture hunger scale ranging from ‘Hungry’ to ‘Very full’.
At age 6 years, children consumed lunch within a similar time frame, but without their mother present.  For this meal, children were presented with a large bowl of fried rice (800g; 1.86 kcal/g) and asked to select their own portion. Children were told that they could eat as much as they wished for their lunch, and they could serve themselves multiple times. The serving bowl was replaced with another 800g if the child required more, although that was never required. Before and after lunch, children’s hunger was assessed using a similar 5-point scale, this time ranging from ‘Very hungry’ to ‘Very full’. At both time points, foods were weighed before and after consumption to estimate energy consumed during lunch. 

2.3 Eating in the absence of hunger
The EAH free access protocol was adapted from Fisher & Birch (2002). The EAH task was identical at both time points and took place approximately 20 minutes after lunch. Two sweet (17g M&M, 5.01kcal/g; 30g Hello Panda 5.43kcal/g) and two savoury (6 g Rollercoster, 5.00 kcal/g; 8g Bin Bin, 4.87kcal/g) snacks were placed in small bowls. Children were given access to colouring paper and crayons, and were encouraged to play together with the researcher present in the room. After 5 minutes, the researcher placed the food bowls on the table near the child and told the child that they had to briefly leave the room to prepare the next game, but they were welcome to have the snacks if they wished. The researcher returned after 5 minutes, removed the snacks and took the child to their next activity. Snacks were weighed before and after the task to estimate energy intake. 
2.4 Ideal portion selection task
At age 6 years, children participated in an age-appropriate computer-based ideal portion selection task, adapted from a previous method (Brunstrom et al., 2008). The children were presented with high-resolution images of eight different foods representing a variety of common foods available in Singapore and varying in energy density (Rice Porridge, 0.7 kcal/g; Mozzarella Pizza, 2.71kcal/g; Salad, 1.32 kcal/g; Fried Rice, 1.86 kcal/g; Macaroni Cheese, 3.71 kcal/g; Steamed Buns, 2.49 kcal/g; Garlic Bread, 3.48 kcal/g; Roti Prata, 2.46 kcal/g). All foods were presented on the same white plate, under constant lighting conditions and photographed from the same upper viewing angle. The example images are presented elsewhere (McCrickerd and Forde, 2016). Children were asked to imagine that they were going to consume each of the foods for their lunch, followed by the question “how much <food name> would you like to eat for your lunch right now?” Each food was presented in portions ranging from 20 kcal to 900 kcal in 20 kcal steps (44 images in total for each food), and children used designated computer keys to increase or decrease the portion size of the food presented on the plate until they chose their ideal portion. The energy content of the chosen image represented the child’s ideal portion for each of the different food items.

2.5 Anthropometric measures 
Anthropometric measures were usually collected on the same day or within one month of participating in the EAH task at both the 4.5 and 6 year time points. This included height, weight, waist and mid-arm circumference, and triceps, biceps, suprailiac and subscapular skinfold thickness (skinfold measurements taken using Holtain Skinfold Caliper (Holtain Ltd, Crymych, UK). All measures were taken in duplicate following the standard guidelines and using the recommended anatomical landmarks for children in this age group (de Onis et al., 2004, Phenxtoolkit). Some data were missing due to lack of assent to individual measurements and these are outlined in the participant flowchart (Appendix A). Height and weight were transformed to BMI z-scores (BMIz) corrected for age and sex according to the WHO child growth standards (WHO, 2003), and later used to classify children’s weight status as with healthy weight (BMIz ≤ 1.04) or with overweight/obesity (BMIz > 1.04; referred to as “with overweight” throughout), equivalent to the 85th percentile (Wang and Chen, 2012, CDC, 2015, Berkowitz et al., 2010). Skinfold thickness measures were used to calculate a body adiposity index (BAi) based on the sum of the suprailiac, subscapular, biceps and triceps skinfold thickness (Nightingale et al., 2011, Berkowitz et al., 2010), and an additional measure of waist-to-height ratio was calculated as an estimate of central adiposity.

3.0 Statistical Analysis
Children’s energy intake during the EAH task was treated as a continuous variable, but was also converted into categorical variables to differentiate children who did not consume any food during the EAH task from those who consumed some energy, and who were further split to low vs high EAH intake using a median split (adapted after (Fisher and Birch, 2002). All study aims were tested comparing children who did not show EAH and those who did (binary variable), and those with no EAH, low EAH and high EAH, to reduce the impact of unbalanced sample sizes, as the majority of children showed some EAH. Energy consumed during lunch was added to the energy consumed during the EAH task as a measure of cumulative energy consumed over the two eating occasions (referred to as “cumulative intake” throughout). For the computer task, the ideal portion of the eight foods (in kcal) was averaged to provide a mean ideal portion (kcal) as an estimate of children’s portion selection, independent of food type. 
Preliminary regression analyses were conducted to identify potential independent covariates of EAH (from sex, ethnicity, BMI, birth weight, gestational age, maternal education and household income) and adiposity (the same covariates, without BMI). There were no significant links between these variables and EAH (p>0.40), but sex and BMI were still controlled for in the analyses focused on EAH, as these have been identified by past research summarised in the introduction as potential confounders. Conversely, sex and birth weight were identified as significant covariates of adiposity (p<0.05), and were therefore controlled for in all analyses focused on adiposity.
To examine the stability of EAH between 4.5 and 6 years (1), hierarchical logistic regressions were conducted with EAH at 6 years as a binary outcome variable, adjusted for sex and BMI. Additional chi-squared analyses examined whether children who showed no intake during the EAH task or low vs high EAH at 4.5 years tended to stay in the same intake category at age 6 years. ANCOVAs (adjusted for sex and BMI) were conducted to examine if children who showed EAH (and those with lower vs higher EAH intake) differed from those who did not eat in the absence of hunger, in (2) energy consumed at lunch and cumulatively, at both time points and (3) in ideal portion size selected at age 6 years. ANCOVAs (adjusted for sex and birth weight) were used to examine the links between EAH and (4) children’s body composition. Additional logistic regressions (adjusted for sex and birth weight) were conducted to test if children of different weight status (healthy weight vs overweight) differed in their likelihood to show EAH, at both ages. Finally, hierarchical linear regression analysis adjusted for sex, birth weight and baseline BMI was conducted to test if EAH at age 4.5 years predicted BMI at age 6 years, and change in BMI between 4.5 and 6 years (Time 2 - Time 1). Bonferroni corrected post-hoc comparisons are reported throughout. For sensitivity testing, all study aims were re-examined using hierarchical regression models with continuous predictors and outcomes, adjusted for covariates. Unadjusted analyses yielded virtually identical results to those reported (unreported). All analyses were conducted in SPSS version 23.0 (IBM), and an alpha level of 0.05 was considered statistically significant. 

4.0 Results
4.1 Sample characteristics
There sample consisted of 84 boys and 74 girls, who were of Chinese (n= 94), Malay (n= 32) or Indian (n= 32) ethnicity. The highest educational achievement reported by the mothers at recruitment was primary education (5.6%), secondary education (60.3%) or university education (31.6%; 2.5% unreported). The mean birth weight was 3137 g ± 450 and the majority of the sample had the gestational age above 37 weeks (94.4%). 
Energy intake during lunch and the EAH task at both ages, presented for the total sample are described in Table 1. The proportion of children who consumed some energy during the EAH task and the amount of energy consumed in the absence of hunger was higher at age 6 years, potentially due to the different energy content of foods served at lunch. Mean BMIz decreased, while the adiposity levels (across all indices) increased from 4.5 to 6 years. 

4.2 Stability of eating in the absence of hunger over time 
Eating in the absence of hunger showed stability between the two time points, and children who ate in the absence of hunger at 4.5 years were 3 times more likely to also do so at age 6 years (χ2 =4.04, p=0.045; Wald criterion 4.17, p=0.041; Odds Ratio 3.01, 95% CI [1.04, 8.67]; Nagelkerke R2= 0.087).
Although the proportion of children who consumed some energy during the EAH task increased at age 6 years, when split to three EAH groups, children with no intake, low or high EAH intake at 4.5 years tended to stay in the same category of intake at age 6 years (χ=12.1, p=0.017). Figure 1 illustrates the percentage of children who showed no EAH, low and high EAH at age 6 years, and their EAH classification at age 4.5 years. Among children who did not eat in the absence of hunger at age 6 years, over 50% also did not consume any snacks at age 4.5 years. Among those who showed high EAH intake at age 6 years, over 45% were also classified as high EAH intake at age 4.5 years, demonstrating stability of this behaviour over time. Additional regression analyses confirmed that energy consumed in the absence of hunger at age 4.5 years predicted energy consumed during the EAH task at 6 years (B=0.19, p=0.036).


Figure 1. Percentage of children classified according to their intake during the EAH task at ages 4.5 and 6 years. 

4.3 Eating in the absence of hunger and energy intake
There were no differences in energy consumed at lunch between children who ate in the absence of hunger, compared to those who did not eat in the absence of hunger at age 4.5 years (F(1, 151)= 1.94, p=0.17) and 6 years (F(1, 140)= 0.12, p=0.73). Similarly, no differences in energy intake at lunch were observed when children were split into three EAH groups at age 4.5 years (F(2, 150)= 2.50, p=0.086, pη2= 0.03) and 6 years (F(2, 139)= 0.10, p=0.90, pη2= 0.002), or in regression models that used continuous data at 4.5 (β<0.01, p=0.95) and 6 years (β=-0.04, p=0.68), indicating that children’s intake during EAH task was unrelated to their energy intake at lunch. 
Though EAH was independent from children’s energy intake at lunch, children who showed EAH at 4.5 years cumulatively consumed more energy over the two eating occasions (M=368.7, SE=14.9; (F(1,151)= 8.67, p=0.004, pη2= 0.054), compared to children who did not show EAH (M=289.2, SE=19.2). However, this was not observed at age 6 years (F(1,140)= 2.42, p=0.12, pη2= 0.017). When three EAH groups were considered, the pattern remained the same at 4.5 years old - children who did not eat in the absence of hunger consumed cumulatively less energy than children who showed EAH intake (F(2, 150)= 4.35, p=0.015, pη2= 0.055). However, at age 6 years children who had high energy intake during the EAH task cumulatively consumed more energy than children with no EAH intake or low EAH intake (F(2, 139)= 3.70, p=0.027, pη2= 0.051). Figure 2 illustrates group differences in mean cumulative energy intakes at both time points. These patterns remained similar in linear regression models at ages 4.5 (β=0.23, p=0.003) and 6 years (β=.29, p<0.001). 
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Figure 2. Group differences in cumulative intake of energy at 4.5 and 6 years old, adjusted for sex and BMI. Bonferroni corrected post hoc group comparisons: *p<0.05; a indicates p<0.09
Table 1. Eating in the absence of hunger (% of sample and energy intake), lunch intake and anthropometry1 at ages 4.5 and 6 years. 
	 
	Age 4.5 years
	Age 6 years

	Energy intake
	
	

	% No intake (kcal ± SD)
	27.2% (0)
	12.5% (0)

	% EAH (kcal ± SD)
	73.0 % (40.4 ± 34.3)
	87.5% (53.4 ± 36.4 kcal) 

	Low intake (kcal ± SD)
	36.1% (15.0, ± 8.4)
	43.8% (27.8, ± 12.0)

	% High intake (kcal ± SD)
	36.7% (65.4, ±31.8)
	43.8% (79.1, ±34.4)

	Lunch intake (kcal ± SD)
	319.4 ± 150.2
	226.3 ± 117.5

	Cumulative intake (kcal ± SD) 
	347.0 ± 155.2
	273.0 ± 122.5 

	Anthropometry
	
	

	BMIz
	0.15 ± 1.26
	0.04 ± 1.52

	Biceps (mm)
	6.62 ± 2.44
	6.66 ± 3.01

	Triceps (mm)
	10.27 ± 3.53
	10.75 ± 4.58

	Suprailiac (mm)
	6.99 ± 3.64
	7.22 ± 5.38

	Subscapular (mm)
	7.56 ± 3.68
	8.08 ± 5.87 

	BAi
	31.87 ± 12.34
	32.66 ± 17.88

	Mid-arm (cm)
	16.90 ± 3.41
	17.74 ± 2.66

	Waist (cm)
	51.63 ± 5.25
	54.29 ± 7.85

	Waist-to-height ratio
	0.49 ± 0.05
	0.47 ± 0.05


1 There were no sex differences in likelihood to show EAH at 4.5 (χ<2.0, p>0.31) or 6 years (χ<2.4, p>0.12), or in energy consumed during the EAH task at 4.5 (t=1.54, p=0.12) or 6 years (t=1.62, p=0.11). At 4.5 years boys consumed more energy at lunch (t=2.74, p=0.007, Δ64.0, CI95% [17.9, 110.0]) and more energy cumulatively (t=2.95, p=0.004, Δ71.2, CI95% [23.5, 119.0]). Similarly, at 6 years boys consumed more energy at lunch (t= 2.10, p=0.037, Δ38.9, CI95% [2.45, 75.3]), and cumulatively (t=2.28, p=0.026, Δ43.2, CI95% [5.33, 81.1]). Boys and girls did not differ in BMI or waist circumference at either age (t<1.0, p>0.3), but girls tended to have higher body adiposity index (4.5 years: t=2.45, p=0.015, Δ4.83, CI95% [0.94, 8.72]; 6 years: t=2.24, p=0.026, Δ6.83, CI95% [8.09, 12.86]) and across all indices (p<0.05). 


4.4 Eating in the absence of hunger and ideal portion size
There were no differences in mean ideal portion selected on the computer task at age 6 years between children who consumed some energy during the EAH task and those who did not (F(1,127)= 0.90, p=0.35; pη2= 0.01). However, when the eight foods were assessed separately it was clear that children who ate during the EAH task at 4.5 and 6 years old consistently chose larger ideal portion sizes of the foods presented, but the majority of these comparisons did not reach significance (results presented in Table 2). These patterns remained similar when three EAH groups were compared (F(2,126)= 0.51, p=0.60, pη2= 0.01) and when data were assessed continuously, highlighting non-significant trends for children who ate more during the EAH task to select larger mean ideal portions of foods (β=0.12, p=0.17), larger portions of garlic bread (β=0.15, p=0.09) and pizza (β=0.15, p=0.19) and significantly larger portions of Bao (β=0.19, p=0.026). 








Table 2. Group differences1 in ideal portion size (Mean kcal ± SEM) selected by children at age 6 years, and differences in measures2 of anthropometry, stratified by EAH intake at ages 4.5 and 6 years.
	Ideal portion size (kcal)
	Age 4.5 years
	Age 6 years

	
	No EAH
	EAH
	No EAH
	EAH

	Bao
	231.4 ± 37.3 
	395.9 ± 31.9***
	266.0 ± 58.8
	359.7 ± 28.2

	Rice porridge
	215.7 ± 36.0 
	288.6 ± 25.6
	224.2 ± 51.5
	272.8 ± 22.8

	Garlic bread
	286.8 ± 42.4 
	300.0 ± 27.7
	277.8 ± 73.2
	297.1 ± 24.4 

	Mac & Cheese
	288.8 ± 35.0
	379.3 ± 29.6a
	407.0 ± 63.7
	348.5 ± 25.3

	Salad
	124.6 ± 25.9
	161.9 ± 19.4
	123.0 ± 26.0 
	154.5 ± 17.4

	Pizza
	325.2 ± 48.4
	441.6 ± 31.1*
	390. 0 ± 69.9 
	418.7 ± 28.5

	Prata
	259.5 ± 29.2
	294.7 ± 21.4
	275.0 ± 34.6
	286.2 ± 19.1

	Fried rice
	208.4 ± 31.7
	302.2 ± 24.9*
	268.0 ± 45.2
	278.5 ± 22.1

	Mean portion
	244.0 ± 22.1 
	329.7 ± 16.8**
	275.9 ± 32.6 
	310.4 ± 15.1

	Anthropometry
	
	
	
	

	BMIz
	0.18 ± 0.16
	0.15 ±0.13
	-0.28 ± 0.51
	0.08 ± 0.13

	Biceps (mm)
	7.1 ± 0.2
	6.5 ± 0.4
	6.1 ± 0.65
	6.7 ± 0.28

	Triceps (mm)
	10.3 ± 0.5
	10.3 ± 0.3
	9.4 ± 1.1
	10.9 ± 0.41

	Suprailiac (mm)
	6.8 ± 0.5
	7.1 ± 0.4
	6.4 ± 1.4
	7.3 ± 0.49

	Subscapular (mm)
	7.6 ± 0.6
	7.6 ± 0.3
	7.8 ± 1.9
	8.1 ± 0.5

	BAi
	31.6 ± 1.9
	31.4 ± 1.2
	29.3 ± 4.9
	33.1 ± 1.6

	Mid-arm (cm)
	16.6 ± 0.3
	17.1 ± 0.4
	17.3 ± 0.6
	17.8 ± 0.2

	Waist (cm)
	51.3 ± 0.5
	51.8 ± 0.7
	53.4 ± 2.0
	54.4 ± 0.7

	Waist-to-height ratio
	0.49 ± 0.01 
	0.49 ±0.01
	0.47 ± 0.01
	0.47 ± 0.01


EAH: Eating in the absence of hunger; a=0.051; (t-tests)*p<0.05; **p<0.01, ***p<0.001
1ANCOVA analyses adjusted for sex and BMI for group differences in ideal portion sizes and adjusted for sex and birth weight in analyses focused on child anthropometry collected at the same time-point as the EAH task.
2 All non-significant


4.4 Eating in the absence of hunger and body composition 
There were no significant differences in BMI or body composition between children who ate in the absence of hunger and those who did not, at ages 4.5 (F<0.7, p>0.41) or 6 years (F<0.7, p>0.40). Group differences in indices of adiposity are presented in Table 2. Similarly, no differences in BMI or body composition were observed when three categories of EAH were considered, at age 4.5 years (F<1.0, p>0.48) or 6 years (F<1.0, p>0.57).
The likelihood to eat in the absence of hunger was the same among children with healthy weight and with overweight, at age 4.5 years (B= 0.78 95% CI [0.20, 2.99], Wald criterion 0.14, p=0.71, Nagelkerke R2=0.01) and 6 years (B=1.35 95% CI [0.36, 5.09], Wald criterion 0.19, p=0.66, Nagelkerke R2=0.04). These patterns were supported by the models that used continuous data, highlighting that EAH at 4.5 or 6 years did not predict child BMIz (4.5 years: F(3, 151)= 2.06, p=0.11, β<0.01, p=0.91; 6 years: F(3, 140)= 1.67, p=0.18, β<0.01, p=0.96), or measures of adiposity at either time point (β<0.30, p>0.5).  
In prospective analyses, energy consumed in the absence of hunger at age 4.5 years did not predict child BMI at age 6 years (β= 0.02, p=0.67; F(4, 134)= 72.3, p<.32) or change in BMI between the ages 4.5 and 6 years (β= 0.04, p=0.67; F(4, 134)= 0.13, p<0.97). 

5.0 Discussion
The current study examined the stability of eating in the absence of hunger between 4.5 and 6 years, as well as the relationship between this behaviour and children’s intake of energy, self-selected ideal portion sizes, and their body weight and composition. Children who showed EAH consumed cumulatively more energy over the two eating occasions (2), and tended to select larger ideal portions of foods (3). Importantly, children who showed EAH at 4.5 years were 3 times more likely to eat in the absence of hunger at 6 years, highlighting stability of this behaviour over time (1). Nevertheless, EAH was not linked to children’s BMI or body composition, and did not predict future BMI (4). 
EAH showed stability over an 18 month period and children tended to consume similar amounts of energy during this task at both times, confirming the stability of the behaviour among boys and girls and the impact on energy intake. These results are consistent with Fisher and Birch (2002), who demonstrated stability of this behaviour among girls of a similar age. In the current study, both boys and girls who showed higher intake in the absence of hunger at a younger age, and had a higher risk for overeating, tended to also show higher intake at the later time point, indicating that EAH is a relatively stable behaviour among both sexes. Future studies are needed to examine the emergence of this behaviour among younger children.
The amount consumed during the EAH task was not linked to how much children ate during lunch, indicating that intake during the EAH task was not simply a compensatory mechanism among children who consumed less at lunch. Instead, children who ate in the absence of hunger, particularly in the high EAH group, consumed cumulatively more energy over the two eating occasions, compared to children who did not eat in the absence of hunger. This was true at both time points and indicates that free access to palatable foods outside of the main mealtimes could be a risk factor for increased energy intake, especially since the majority of children showed susceptibility to this food cue. In this instance, parents may be inclined to use methods of restriction as a means to limit intake of such snacks, which could be problematic because previous research suggests that these strategies are more likely to exacerbate EAH than to reduce it (Johnson and Birch, 1994, Birch et al., 2003, Fisher and Birch, 2002). One strategy to limit EAH could be to covertly restrict access to palatable foods by managing the child’s food environment and in this way reduce potential temptation. Parents could also be given guidance on appropriate techniques to reduce children’s food responsiveness, which have been shown to be effective in reducing EAH in school-age children with overweight and obesity (Boutelle et al., 2011).
In the current study children who consumed some food during the EAH task tended to choose larger ideal portions for seven out of eight foods presented in the computer-based task. While these differences were small and not statistically significant, they were consistent across foods, and the unbalanced sample sizes may have limited the power of these comparisons. At age 4.5 years the group of children who did not eat in the absence of hunger was larger, compared to at age 6 years, when the sample was more balanced. When the ideal portion selections were examined among children stratified by the EAH intake at age 4.5 years the differences showed statistical significance, suggesting that the trends observed at age 6 years could be meaningful. Ideal portions selected on a computer have been shown to predict the actual portions selected and consumed at a later meal (Wilkinson et al., 2012), and among children larger portions have been linked with increased meal size and energy intake (Fisher et al., 2007b, Birch et al., 2000, Steenhuis and Vermeer, 2009, Kling et al., 2016, Fisher et al., 2003). It is possible that EAH and selection of larger ideal portion sizes in the computer-based task reflect a similar dimension of children’s responsiveness to external food cues. An alternative interpretation of these findings might be that children who did not eat in the absence of hunger selected smaller portions of foods in the computer-task, perhaps because they have a smaller appetite.  
Contrary to the past findings, EAH was not linked to children’s body composition, which was true for both boys and girls. Previous studies that have examined EAH and adiposity were mainly conducted on either boys or girls, and those that considered both sexes tended to report sex-specific differences and focus primarily on BMI (Cutting et al., 1999, Fisher et al., 2007a, Moens and Braet, 2007, Hill et al., 2008, Kral et al., 2012). Our findings suggest that most children in this age group, independent of their weight status and sex, are susceptible to show EAH when given access to palatable snack-foods. Previous research suggests that parental feeding practices, particularly restriction, can independently contribute to and moderate the link between children’s EAH and adiposity (Birch et al., 2003, Cutting et al., 1999, Fisher and Birch, 2002), but parental behaviours can also be a consequence of the child’s weight status (Costanzo and Woody, 1985). A recent study from our GUSTO cohort also showed that the relationship between parental feeding practices and children’s weight gain between 4-6 years is bi-directional (Quah et al., Under review). Children who show EAH in the laboratory setting may be at risk of weight gain if they have opportunities to habitually express this behaviour in their usual environment, and that will be affected by parenting style and feeding practices.
The strength of the current study was in the multi-ethnic sample of boys and girls of the same age, who participated in a variety of behavioural and anthropometric measurements at two time points over an 18 month period. However, there are several limitations worth highlighting. Firstly, there was a relatively small sample of children who did not consume any energy during the EAH task which limited the comparisons, although similar numbers have been reported in other studies (Hill et al., 2008, Moens and Braet, 2007). This was somewhat controlled by comparing three groups of children and conducting analyses on continuous data. Secondly, children with overweight were underrepresented, which limited the comparisons with body composition, although these numbers were representative of the Singaporean population. Another limitation was the lack of data on children’s ideal portion size at age 4.5 years. There were also some methodological differences in the meals between the two time points. At age 6 years children were served fried rice, which is a common local mealtime food. However, there were many children who did not consume enough of the meal and reported feeling hungry afterwards, and thus had to be excluded from the analyses. Finally, the findings of this study suggest that unrestricted access to palatable foods outside of main mealtimes may contribute to greater cumulative energy intakes, particularly among children with heightened susceptibility to external food cues. Nevertheless, the measure of cumulative intake included also the energy consumed during the EAH task, and as such the EAH intake (predictor) and the cumulative energy intake (outcome) were not independent of one another. Future studies should test this association in more strict experimental designs. Despite these limitations, our study demonstrated that EAH is stable over time and contributes to increased energy intakes among children who are more susceptible to external food cues.
In summary, EAH is a stable (1) behavioural risk factor for increased intake of energy (2), independently of sex or weight status. Our findings show that 4.5 year old children who consumed energy in the absence of hunger were 3 times more likely to exhibit the same behaviour 18 months later. Responsiveness to external food cues, as captured by the EAH paradigm, may also manifest in other eating behaviours, such as selecting larger food portions (3). Portion selection data in the current study was only available at age 6 years and further research is needed to examine the trends observed in the current study among younger children. Though EAH was not linked with measures of body composition in this sample (4), potential moderating effects of parental feeding practices and the child’s environment require further investigation. Given the prevalence of this behaviour, future research should examine strategies to minimise children’s responsiveness to external food cues and provide parents with appropriate guidelines to reduce EAH.
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