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Abstract 1 

Background: Several risk factors in the first 1,000 days are linked with increased obesity risk 2 

in later childhood. The role of potentially modifiable eating behaviors in this association is 3 

unclear. Objective: This study examined if the association between cumulated risk factors in 4 

the first 1,000 days and adiposity at 6 years is moderated by eating behaviors. Design: 5 

Participants were 302 children from the Growing Up in Singapore Towards healthy Outcomes 6 

(GUSTO) cohort. Risk factors included maternal pre-pregnancy and paternal overweight, 7 

excessive gestational weight gain, raised fasting glucose during pregnancy, short 8 

breastfeeding duration and early introduction of solid foods. Composite risk scores reflecting 9 

the prevalence and the importance of risk factors present were computed. Adiposity outcomes 10 

were child BMI and sum of skinfolds (SSF), and candidate eating behavior moderators were 11 

portion size, eating rate, and energy intake during lunch and in an eating in the absence of 12 

hunger task. Results: Higher composite risk score predicted higher BMI z-scores (B= 0.08, 13 

95%CI [0.04, 0.13]) and larger SSF (0.70 [0.23, 1.18]mm), and was associated with larger 14 

self-served food portions (5.03 [0.47, 9.60] kcal), faster eating rates (0.40 [0.21, 0.59] g/min) 15 

and larger lunch intakes (7.05 [3.37, 10.74] kcal). Importantly, the association between 16 

composite risk score and adiposity was moderated by eating behaviors. The composite risk 17 

score was unrelated to SSF in children who selected smaller food portions, ate slower, and 18 

consumed less energy, but was positively associated with SSF among children who selected 19 

larger food portions, ate faster, and consumed more energy (eating behavior*risk score 20 

interactions p<0.05). Conclusions: The association between risk factors in the first 1,000 21 

days and adiposity at 6 years varies by eating behaviors, highlighting modifiable behavioral 22 

targets for interventions. 23 

 24 
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1.0 Introduction 45 

The first 1,000 days, from conception through to two years, has been recognized 46 

as an important period in the development of childhood obesity (1). Risk factors in the first 47 

1,000 days linked with obesity risk include maternal pre-pregnancy overweight, excessive 48 

gestational weight gain, smoking in pregnancy, gestational diabetes, early introduction of 49 

solid foods, infant anti-biotic exposure, short duration of breastfeeding, maternal depression, 50 

low vitamin D status in pregnancy and high paternal BMI (1). Other known risk factors 51 

include high infant birth weight and accelerated weight gain in the first 1,000 days (2), but 52 

these are to some extent already a consequence of the features of the perinatal environment (3, 53 

4). While the majority of these studies established independent associations between 54 

individual risk factors and obesity risk, some children are exposed to multiple risk factors that 55 

vary in severity, highlighting the need to investigate their cumulative effects. Evidence 56 

suggests that when aggregated, a higher number of risk factors linearly increased future risk 57 

of overweight/obesity in American (5, 6) and British (2, 7) populations of 3 to 10 year olds, 58 

and recently also in the Singaporean sample of 4-year-old children from the Growing Up in 59 

Singapore Towards healthy Outcomes (GUSTO) cohort (8). Across the studies there are large 60 

variations in the strength of the reported associations, suggesting that these associations may 61 

be contingent on additional, potentially modifiable, factors that require further investigation.  62 

Behavioral factors have been increasingly recognized as an important predictor of 63 

variation in weight status (9) that might moderate the associations between risk factors and 64 

adiposity. Findings from 2-6 year olds show that children, particularly those with overweight  65 

(10), consume more energy when served larger food portions (11) and larger food portions 66 

predict accelerated weight gain in the first two years of life (12). Already at 4.5 years of age 67 

faster eating rates facilitate larger energy intakes at a meal, are linked with higher adiposity 68 

(13) and larger increases in BMI over time (14). Similarly, higher intake of energy-dense 69 
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snacks in an eating in the absence of hunger (EAH) paradigm (15) has been linked with 70 

higher overall energy intakes (16), higher prevalence of overweight (17) and accelerated 71 

weight gain over time (18, 19). As risk factors in the first 1,000 days predict future obesity 72 

risk, it is plausible that they are also linked with eating behaviors that facilitate greater energy 73 

intakes and increased adiposity. Importantly, it is unclear if the association between such risk 74 

factors and adiposity is moderated by eating behavior, or whether these are independent.   75 

The aim of this study was to examine whether eating behaviors at 6 years 76 

moderate the associations between cumulative risk factors in the first 1,000 days and 77 

adiposity outcomes at age 6 years among children from the GUSTO cohort. A priori selected 78 

risk factors included maternal pre-pregnancy and paternal overweight/obesity, excessive 79 

gestational weight gain, raised fasting glucose during pregnancy, short breastfeeding duration 80 

and early introduction of solid foods. The primary outcomes were a composite risk score 81 

computed from risk factors and candidate eating behaviors, which included portion size 82 

selection, eating rate, energy intake at lunch and intake of snacks in the EAH task. We 83 

hypothesized that a higher composite risk score would be linked with larger food portions, 84 

faster eating rates, higher energy intakes at lunch and during the EAH task, and would 85 

continue to predict higher BMI and skinfold thickness at age 6 years. We further hypothesized 86 

that higher composite risk scores would show the strongest positive associations with 87 

adiposity among children who exhibit eating behaviors associated with higher energy intakes. 88 

2.0 Methods 89 

2.1 Participants 90 

The participants were families from the multi-ethnic GUSTO cohort, who were 91 

recruited during the first trimester antenatal ultrasound scan between June 2009 and 92 

September 2010. Full recruitment and eligibility criteria are described in detail elsewhere 93 
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(20). Data on risk factors in the first 1,000 days and eating behaviors at age 6 years were 94 

available for 436 children. To ensure reliability of the eating behavior measurements we 95 

excluded children who selected less than 10 kcal (n=1) as their ideal portion, consumed less 96 

than 50 kcal at lunch (n= 67), ate for less than 3 minutes (n= 37), and those with very high 97 

eating rates exceeding 3.8 SD (n= 2). In addition, children who still rated themselves as 98 

hungry after lunch were excluded specifically from the analysis of the EAH task data (n= 37), 99 

following the original protocol (15).  100 

Data from 329 children were available for the analysis of lunchtime eating 101 

behavior, and from 292 children for the EAH assessment. Among children with the available 102 

eating behavior measures, BMI data at 6 years were available for 302 children and skinfolds 103 

thickness measures for 292 children, and these were the final analytical samples. Detailed 104 

selection criteria and loss to follow-up are described in the participant flowchart 105 

(Supplementary Figure 1). Informed written consent was obtained from all participants and 106 

the study was approved by the National Healthcare Group Domain Specific Review Board 107 

and SingHealth Centralized Institutional Review Board. 108 

2.2 Risk factors for overweight 109 

Risk factors considered in this study were selected a priori as important predictors 110 

of child overweight in the Singaporean context and strong predictors of overweight risk 111 

among GUSTO sample at age 4 years (8). The six risk factors were coded as binary variables: 112 

maternal pre-pregnancy overweight/ obesity (PPO), paternal overweight/obesity at 24 months, 113 

maternal excessive gestational weight gain (eGWG), high fasting plasma glucose (FPG) 114 

during pregnancy, short breastfeeding duration and early introduction of solid foods.  For 115 

simplicity, ‘overweight/obesity’ are referred to as ‘overweight’ throughout. Maternal PPO 116 

(self-reported) and paternal overweight (measured by partner or self-reported) were defined 117 
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using WHO guidelines as BMI ≥25 kg/m2. GWG was calculated as the difference between the 118 

final weight before delivery and pre-pregnancy weight, and guidelines from the Institute of 119 

Medicine (21) were used to define eGWG. An oral glucose tolerance test (2h, 75g) was 120 

conducted at 26-28 weeks of gestation and FPG ≥5.1 mmol l-1 was used as a cut-off for high 121 

FPG (22). A cut-off of <4 months was chosen to define short duration of any breastfeeding 122 

and introduction of solid foods before 4m was defined as early introduction of solid foods 123 

(self-reported). Data collection procedures for these variables have been reported in detail 124 

elsewhere (8).  125 

A composite risk score was computed for each child, which accounted for the 126 

number and the severity of risk factors present, based on a risk-prediction procedure described 127 

and validated in an earlier study (2). The binary risk factors described above were used as 128 

predictors of overweight in the GUSTO cohort at age 4 years in multivariable regressions (8). 129 

Beta coefficient of each predictor was transformed to an integer score, with higher integer 130 

values representing greater risk of overweight, as recommended earlier (2). When a risk factor 131 

was present the child was allocated the associated integer score, and if the risk factor was 132 

absent they received 0. The integer scores were summed to calculate a child’s composite risk 133 

score, which could range from 0 to 15, with higher scores representing higher risk of 134 

overweight at age 4 years. A summary of beta coefficients and the associated integer scores is 135 

presented in Supplementary Table 1. 136 

2.3 Computerized portion selection task 137 

All eating behavior measures were pilot tested prior to data collection. At the 6-138 

year-old time-point children attended an eating behavior assessment in the hospital, with 139 

which they were familiar from their previous GUSTO visits. Children were requested to fast 140 

for the minimum of 3 hours before the lunchtime meal. Research coordinators received 141 
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standardized instructions and record sheets for all assessments and were requested to note 142 

down any unusual events or behaviors. Immediately before the meal children participated in 143 

an age-appropriate computerized portion selection task. High-resolution images of eight 144 

different foods varying in energy density and commonly available in Singapore were 145 

presented on a computer screen and included Rice Porridge (0.7 kcal/g), Mozzarella Pizza 146 

(2.71 kcal/g), Salad (1.32 kcal/g), Fried Rice (1.86 kcal/g), Macaroni Cheese (3.71 kcal/g), 147 

Steamed Buns (2.49 kcal/g), Garlic Bread (3.48 kcal/g) and Roti Prata (2.46 kcal/g). Children 148 

were asked to imagine that they were going to consume each of the presented foods for lunch, 149 

and were subsequently asked the question ‘How much <food> would you like to eat for lunch 150 

right now?’. The foods were presented in increasing portion sizes ranging from 20 kcal to 900 151 

kcal, in 20 kcal steps (44 images per food type), one food item at a time. Children used 152 

computer keys to increase or decrease the portion size of the food presented to select their 153 

ideal portion. The energy content of the selected image was used as an ideal portion size of 154 

each of the different foods. The portion sizes were averaged across the 8 foods to compute a 155 

mean ideal portion size (kcal).  156 

2.4 Lunchtime meal 157 

A video-recorded lunchtime meal was served in a test room equipped with child 158 

appropriate furniture immediately after the computer task. Vegetarian fried rice (1.86 kcal/g), 159 

which is a popular local food, was provided ad libitum in a large bowl (800g). Children self-160 

served the food portion they wanted to consume onto a smaller plate and were told they could 161 

eat as much as they wished, and could serve themselves multiple times. Children were allotted 162 

20 minutes for lunch with a further 10-minute extension if that was not enough time (granted 163 

for 24 children). The two main study outcomes were the self-served portion size (kcal) and 164 

energy consumed at lunch (kcal) and these were calculated from the leftovers in the serving 165 

bowl and on the child’s plate, which were recorded on standardized sheets. Both before and 166 
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after lunch children rated their hunger using a 5-point picture scale ranging from ‘Very 167 

hungry’ to ‘Very full’. After lunch children also rated dish liking on a 3-point scale (Yummy, 168 

OK, Yucky). 169 

2.5 Eating rate 170 

Oral processing behaviors were coded using behavioral annotation software 171 

(ELAN 4.9.1, Max Planck Institute for Psycholinguistics, The Netherlands). The bites, chews 172 

and swallows were coded throughout the lunchtime meal, and the detailed procedure is 173 

described elsewhere (13). The time between every bite and every swallow was cumulated to 174 

estimate the total time food spent in mouth. To calculate the child’s average eating rate 175 

(g/min) during lunch, the total number of grams consumed was divided by the total time food 176 

spent in mouth. Coding of the videos was completed by a single researcher. For quality 177 

control, in line with best practice for video coded data (23), 10% of the videos were selected 178 

at random and coded by another researcher to test inter-rater agreement as a measure of 179 

reliability. Intra-class correlation coefficient showed excellent agreement (ICC=0.995, CI95% 180 

[0.991, 0.997]).  181 

2.6 Eating in the absence of hunger (EAH) task 182 

Approximately 20 minutes after lunch children took part in the EAH task 183 

following the standard ‘free access’ protocol (15). Two types of sweet (18 units of M&M, 184 

4.83 kcal/g; 10 units of Hello Panda, 5.43kcal/g) and two types of savory (10 units of 185 

Rollercoster, 5.55 kcal/g; 2 units of Want Want, 4.83 kcal/g) snacks were placed in small 186 

bowls (310 kcal in total). To start the task, children were given crayons and coloring paper 187 

and the researcher placed the bowls with snacks on the table within a child’s reach. The 188 

researcher told the child they had to briefly leave the room, and the child was welcome to 189 

have any of the foods served in the bowls. The researcher returned after 5 minutes and 190 
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removed the bowls, which marked the end of the task. The food was weighed before and after 191 

the task to calculate the energy consumed in the absence of hunger (kcal) and recorded on a 192 

standardized sheet. 193 

2.7 Anthropometry  194 

A child’s weight and height, and skinfold thicknesses in the triceps, biceps, 195 

suprailiac and subscapular region were collected within two weeks of completing the eating 196 

behavior assessment at the 6-year-old time-point, following the standard guidelines and using 197 

the recommended anatomical landmarks (24, 25). Age-and sex-specific BMI z-scores were 198 

calculated based on WHO 2006 references (25). Skinfold thicknesses in the four regions were 199 

summed to derive a sum of skinfolds (SSF) as an adiposity index. 200 

3.0 Statistical analysis 201 

Composite risk scores, eating behavior and adiposity outcomes were treated as 202 

continuous variables in the main analyses. Composite risk scores were additionally 203 

categorized into quartiles of risk to provide a measure of the relative group differences in the 204 

study outcomes. Covariates in all models were identified a priori. Mother’s education and 205 

height, and child ethnicity, sex and birth order were used as covariates due to their 206 

associations with childhood adiposity in the GUSTO cohort. Child’s reported hunger before 207 

lunch and liking of fried rice predicted energy intake at lunch, so they were used as additional 208 

covariates in the analyses focused on the serving size, eating rate and energy intake at lunch 209 

and cumulatively. Finally, as snack intake during the EAH may depend on energy intake at 210 

lunch and on a child’s fullness, child hunger after lunch and energy consumed at lunch were 211 

additional covariates in the analyses that examined the EAH task. Chi-squared tests and t-tests 212 

were conducted to compare the final sample to those excluded. 213 
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Multivariable linear regressions were used to investigate whether composite risk 214 

scores predicted child eating behaviors and adiposity outcomes. ANCOVAs were used to 215 

describe eating behaviors and adiposity outcomes across the quartiles of risk score and post-216 

hoc polynomial contrasts were conducted to test for linear trends across the quartiles of risk 217 

score. To examine whether the associations between composite risk scores and adiposity 218 

outcomes at 6 years are moderated by eating behaviors, we included interaction terms for 219 

each eating behavior and composite risk score (‘eating behavior*composite risk score’) in the 220 

linear regression models, adjusted for covariates and the main effects. All interactions were 221 

tested individually in separate models. To test for potential issues linked with multiple 222 

comparisons, an additional Benjamini-Hochberg False Discovery Rate (FDR) correction was 223 

conducted and reported. Composite risk scores and eating behavior outcomes were mean-224 

centered for this analysis to aid interpretation. The interaction terms were subsequently 225 

examined in more detail and presented graphically using the simple slopes procedure, in 226 

which both variables (eating behavior and risk score) were standardized. Three slopes were 227 

computed for each eating behavior, which represented the standardized mean ± 1SD. As part 228 

of the sensitivity analysis, data were re-examined without covariates in the models and with 229 

fewer covariates after removing self-reported hunger and liking of the dish. Finally, analyses 230 

were repeated using composite risk scores based on the sum of the raw Beta values without 231 

conversion to integers to account for the fact that the allocated integers do not reflect the 232 

absolute differences in Beta values. The results of all sensitivity analyses supported the 233 

findings presented here (Supplementary Table 2 and Table 3). Analyses were performed in 234 

IBM SPSS version 23.0 and PROCESS macro (27) was used to examine the simple slopes. 235 

Alpha level of 0.05 was used for the inferential tests of significance.  236 

4.0 Results 237 

Sample characteristics 238 
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Children lost to follow-up did not differ from the final sample in in sex, ethnicity, 239 

parity, maternal education, maternal age, birth length, birth weight, risk score, BMI z-score or 240 

SSF (based on p-value thresholds of p> 0.05, unreported). Children who completed the eating 241 

behavior assessments but were excluded from the analyses did not differ from the final 242 

sample in ethnicity, maternal education, maternal age, BMI, SSF, birth order, birth length, 243 

birth weight or composite risk score (based on p-value thresholds p> 0.05, unreported), but 244 

were more likely to be of male sex (χ2= 5.25, p= 0.022). 245 

Table 1 provides a summary of socio-demographic characteristics, gestation 246 

duration and birth size, presented for the total sample and across the quartiles of risk scores. 247 

Children in different quartiles did not differ in sex, gestational age, birth length or any 248 

maternal characteristics. Children of Chinese ethnicity were more likely to be in the lowest 249 

quartile of risk (Q1), while a higher proportion of children of Malay or Indian ethnicity were 250 

more likely be in the highest quartile (Q4). There was a linear increase in birth weight across 251 

the quartiles. Table 2 summarizes the prevalence of individual risk factors in the sample and 252 

mean values for the behavioral and adiposity outcomes. Individually, risk factors showed 253 

similar prevalence and each were present in 35-41% of the sample, with the exception of the 254 

early introduction of solid foods which was only observed in 2% of the sample. A fifth of the 255 

sample did not present any of the risk factors examined in this study. The prevalence of 256 

individual risk factors across the composite risk score quartiles is presented in Table 3. The 257 

majority of children in the lowest quartile of risk (Q1) had no risk factors for overweight and 258 

few experienced short breastfeeding duration, while children in the higher quartiles (Q3 and 259 

Q4) generally had multiple risk factors.  260 

Do composite risk scores predict eating behaviors and adiposity outcomes at 6 years?  261 
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Regression coefficients predicting eating behaviors and adiposity outcomes from 262 

composite risk scores are summarized in Table 4. Higher risk scores predicted higher BMI 263 

and SSF at age 6 years. Children with higher risk scores self-served larger portions of food at 264 

lunch, consumed food at faster rates and consumed more energy at lunch. Although 265 

composite risk scores did not predict energy consumed during the EAH task, children with 266 

higher risk scores consumed more energy cumulatively during lunch and the EAH task. Risk 267 

scores did not predict the ideal portion size selected in the computer-based task.  268 

Relative differences in eating behaviors and adiposity outcomes between children 269 

with different risk scores were examined across the risk score quartiles and summarized in 270 

Table 5. The lowest adiposity and indices of eating behaviors were observed in the first 271 

quartile (Q1) and the highest in the fourth quartile (Q4). Analysis of the group differences 272 

generally supported the regression outcomes, and showed significant group differences in 273 

BMIz, SSF, eating rates and energy intake at lunch and cumulatively during lunch and the 274 

EAH task. Polynomial contrasts across the quartiles of risk suggested that linear trends were 275 

the best fit for the data. The largest absolute differences were consistently observed between 276 

Q1 and Q4. Despite the trend for linear increase, the outcomes of children from Q1 tended to 277 

resemble those of children from Q2, and similarly, those of children from Q3 were similar to 278 

those observed in Q4. Based on this, we proposed a subjective denomination for each risk 279 

score quartile that describes the level of overweight risk, ranging from Low to Very high risk.  280 

Is the association between risk factors from the first 1,000 days and adiposity moderated 281 

by eating behaviors? 282 

Regression coefficients for the main effects of the composite risk scores and 283 

eating behaviors on the adiposity outcomes, as well as the inferential tests for interactive 284 

effects between the two variables are reported in Table 6. The interactions between composite 285 



RISK FACTORS, EATING BEHAVIORS AND GROWTH 
16 

 

risk scores and eating behaviors on the adiposity outcomes have been presented graphically in 286 

Figure 1 (A-F) for BMI, and Figure 2 (A-F) for SSF. Positive associations between 287 

composite risk scores and adiposity were more pronounced among children who exhibited 288 

eating behaviors linked with higher energy intakes (i.e. selected larger food portions, ate at 289 

faster rates) and who ate more at lunch and cumulatively. Conversely, there was little 290 

relationship between risk scores and adiposity among children who ate less and who showed 291 

eating behaviors linked with lower energy intakes. This pattern was observed across all eating 292 

behaviors measured in this study, except for the energy consumed during the EAH task. 293 

Positive associations between composite risk scores and child BMI showed similar non-294 

significant trends to those for adiposity. Ideal portion size selection was the only behavior 295 

significantly moderating the associations with BMI.   296 

5.0 Discussion 297 

Composite risk scores showed modest but significant associations with measures 298 

of adiposity and eating behaviors. Importantly, the association between composite risk scores 299 

and adiposity outcomes at age 6 years was not uniform across the sample, but was stronger 300 

among children who showed a greater tendency towards larger food portions, faster eating 301 

rates and who had higher energy intakes. 302 

The results of the current study show that certain behaviors, such as selecting 303 

larger food portions, rapid eating and overall higher energy intakes, are associated with risk 304 

factors in the first 1,000 days of life, though the specific mechanisms of how this occurs of 305 

are less clear. Eating behaviors have not been previously examined in the context of risk 306 

factors from the first 1,000 days, and direct causal associations cannot be excluded. However, 307 

it is likely that these risk factors are at least in part markers of a less healthy home food 308 

environment and a reflection of parental dietary habits. Here, children in the highest quartile 309 
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of risk had both parents with overweight, mothers with excessive gestational weight gain and 310 

high plasma glucose. This group of children may have been exposed to similar lifestyle and 311 

eating behaviors that contributed to their parents developing overweight and the related 312 

conditions, as parental healthy and unhealthy dietary behaviors are a good predictor of 313 

children’s diet quality (28). Parents decide what and how much food is accessible to children, 314 

they use techniques to encourage or discourage food intake, and are primary models of eating 315 

behaviors in the first years of life (29). Children exposed to larger food quantities tend to 316 

select larger food portions (30, 31), which can encourage faster eating rates and result in 317 

higher energy intakes (32). At the same time, the observed associations between risk factors 318 

and child eating behaviors could also potentially be explained by familial transmission of 319 

biological predispositions to overweight via programming of appetitive traits that promote 320 

higher energy intakes (33). Children with the highest overweight risk would be those with 321 

appetitive traits that facilitate increased energy intakes, who are exposed to environmental 322 

conditions linked with overweight, such as shorter breastfeeding duration or early 323 

introduction of solid foods, and who have opportunities to habitually express these appetitive 324 

traits and overeat.  325 

Consistent with the studies in other populations (2, 5-7), and with the earlier 326 

findings from the GUSTO cohort (8), risk factors in the first 1,000 days predicted higher BMI 327 

and larger whole-body adiposity at 6 years. Our composite score approach to defining risk in 328 

the first 1,000 days captured variation in the strength of the associations between various risk 329 

factors and overweight, and complemented the findings of the previous studies, which were 330 

primarily focused on the risk factors prevalence. Furthermore, the current findings extend the 331 

previous research, and show that the association between early life risk factors and subsequent 332 

adiposity is not uniform across the sample, but varies depending on a child’s eating behavior. 333 

Children with lower composite risk scores tended to have lower adiposity, independently of 334 
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their eating behavior. However, children with higher risk scores had the highest adiposity 335 

when they ate more and exhibited eating behaviors that facilitate higher energy intakes. These 336 

findings highlight that not every child with multiple risk factors for overweight will in fact 337 

develop overweight. We identified the most vulnerable group of children, who had multiple 338 

risk factors in the first 1,000 days and exhibited eating behaviors that promote the highest 339 

energy intakes. Future studies should aim to examine these associations in non-Asian 340 

populations.  341 

Risk factors examined here are often referred to as “modifiable”, but the extent to 342 

which some of these risks truly can be modified may be limited. Many of risk factors stratify 343 

by sociocultural and economic status (34), making it challenging to address in intervention 344 

programs without considering the wider context. Risk factors often cluster together and many 345 

stem from maternal overweight (35, 36), suggesting that, theoretically, addressing this 346 

specific risk factor might have a cascade effect on alleviating the other risks. Yet, the lack of 347 

success in addressing the obesity crisis worldwide suggests that reducing maternal overweight 348 

might be a big, if not the biggest, challenge. Past intervention attempts at weight-loss in 349 

preparation for pregnancy and guidance prior to, and during pregnancy, showed little 350 

effectiveness and low compliance (37-39), particularly among women with pre-pregnancy 351 

overweight (40, 41). Similarly, changing post-natal behaviors, such as breastfeeding duration 352 

or timing of solid food introduction may be problematic if there is financial pressure on 353 

women of lower SES to re-enter workforce sooner (42). 354 

Current findings highlight the pivotal role of child eating behavior in modifying 355 

the associations between early life risk and future adiposity. Risk factors during the first 1,000 356 

days could be used to identify children at risk for overweight, to target these families in 357 

intervention programs focused on promoting eating behaviors that facilitate healthy growth. 358 

Eating behavior interventions have previously shown some short-term effectiveness in 359 
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pediatric populations. For example, attention modification training has been successfully used 360 

to reduce eating in the absence of hunger (43), and eating rates and energy intakes have been 361 

reduced by providing within-meal feedback from external prompters (44, 45). Though not 362 

tested to date, another strategy to reduce both eating rates and energy intake would be to 363 

modify food textures to produce ‘slower foods’ that require more chewing and encourage 364 

smaller bite sizes (46) or to promote intake of naturally ‘slow’ foods (47). Future studies 365 

should test the feasibility of these methods in modifying children’s eating behaviors long-366 

term. Such interventions could be more challenging among the lower SES groups (48), but 367 

have the potential to be the most effective when introduced earlier rather than later (49).  368 

This study had some limitations worth noting. Composite risk scores were created 369 

from a small number of a priori selected risk factors, though the list of all potential risk 370 

factors relevant to the local population is likely longer. For example, maternal smoking and 371 

alcohol intake have been previously identified as risk factors for childhood obesity (7), yet 372 

negligible rates of these behaviors in our sample (< 2.6%) precluded adding them as part of 373 

the analysis. Still, risk factors considered here have been previously identified as important 374 

predictors of overweight in the GUSTO cohort (8). Furthermore, it needs to be highlighted 375 

that some of the non-transient risk factors present in the first 1,000 days, most notably 376 

parental overweight, continue to impact adiposity outcomes and child’s eating behaviors 377 

beyond the first 1,000 days. Although we hypothesized that eating behaviors would moderate 378 

the associations between risk factors and adiposity, the alternative interpretation that risk 379 

factors moderate the association between eating behaviors and adiposity needs to be 380 

considered. This study was focused on candidate eating behaviors measured in laboratory. 381 

The meals pre-selected for this study may be different than the usual food choices, and it is 382 

not possible to ascertain the extent to which they reflect a child’s usual eating behaviors. 383 

Finally, the sample size of the current study was substantially smaller than the initial sample 384 
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size of the GUSTO cohort, posing a risk for selection bias from those lost to follow up. 385 

Residual confounding due to other unmeasured factors, such as for example pre-pregnancy 386 

physical activity levels, as well as generalizability to other populations, need to be considered.  387 

To conclude, the results of this study demonstrate that higher composite risk 388 

scores based on risk factors in the first 1,000 days were associated with larger portion sizes, 389 

faster eating rates and higher energy intakes at a meal among 6 year old Singaporean children. 390 

Supporting the previous findings, children with higher risk scores had higher BMI and greater 391 

adiposity, although these associations were not homogenous across the sample, but were more 392 

pronounced among children who selected larger food portions, ate faster and ate more. These 393 

findings highlight specific eating behaviors such as eating rates or meal sizes that could be 394 

targeted to lower energy intakes to mitigate the impact of the early life risk factors on future 395 

obesity risk.  396 
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Table 1. Mother-child socio-demographic and early life characteristics, presented for 

the total sample and across the quartiles of risk for overweight.  

 

 N (% of sample) or Mean ± SD 

 Total Q1 Q2 Q3 Q4 P-value 

CHILD 

Sex  

Boys 

Girls 

 

 

167 (51%) 

162 (49%) 

 

 

53 (32%) 

48 (30%) 

 

 

47 (28%) 

44 (27%) 

 

 

27 (16%) 

35 (22%) 

 

 

40 (24%) 

35 (22%) 

 

0.65 

Ethnicity 

Chinese 

Indian 

Malay 

 

188 (57%) 

56 (17%) 

85 (26%) 

 

74 (40%) 

11 (20%) 

16 (19%) 

 

59 (31%) 

10 (18%) 

22 (26%) 

 

29 (15%) 

16 (27%) 

17 (20%) 

 

26 (14%) 

19 (34%) 

30 (35%) 

<0.001 

GA (wks.) 38.4 ± 1.4 38.4 ± 1.6 38.3 ± 1.4 38.5 ± 1.4 38.6 ± 1.1 0.62 

BW (kg) 3.10 ± 0.43 3.00 ± 0.43 3.10 ± 0.37 3.20 ± 0.46 3.22 ± 0.44  0.005 

BL (cm) 48.7 ± 2.4 48.4 ± 2.8 48.6 ± 2.1 49.0 ± 2.4 48.7 ± 2.1 0.39 

MOTHER       

Age 37.8 ± 5.0 37.9 ± 4.8 37.6 ± 5.0 38.0 ± 4.6 37.9 ± 5.7 0.97 

Education 

Primary  

Secondary  

Tertiary 

 

13 (4%) 

208 (63%) 

108 (33%) 

 

4 (31%) 

56 (27%) 

41 (38%) 

 

1 (8%) 

62 (30%) 

28 (26%) 

 

4 (31%) 

37 (18%)  

21 (19%) 

 

4 (31%) 

53 (26%) 

18 (17%) 

0.17 

 

Parity 

Primiparous 

Multiparous 

 

145 (44%) 

184 (56%) 

 

48 (33%) 

53 (29%) 

 

44 (30%) 

47 (26%) 

 

23 (16%) 

39 (21%) 

 

30 (21%) 

45 (25%) 

0.41 

Note BL- Birth length; BW- birth weight; GA (wks.)- Gestational age (weeks); Chi-squared 

tests were used to compare quartiles in categorical outcomes and one-way ANOVAs for 

continuous outcomes.   
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Table 2. Prevalence of the individual risk factors during the first 1,000 days in the 

sample, and the key Behavioral and adiposity outcomes at age 6 years.  

 

 N (% of sample) or mean ± SD 

Risk factor prevalence  

Pre-pregnancy overweight  116 (35%) 

Paternal overweight  129 (39%) 

High fasting plasma glucose 124 (38%) 

Excessive GWG 124 (38%) 

Early introduction to solid foods 7 (2%) 

Short breastfeeding duration 135 (41%) 

Child outcomes at 6 years   

BMIz  -0.06 ± 1.36 

SSF (mm) 30.7 ± 14.6 

Ideal portion (kcal) 291.6 ± 179.9 

Portion self-served (kcal) 248.3 ± 143.3 

Eating rate (g/min) 12.9 ± 6.1 

Intake at lunch (kcal) 190.5 ± 117.2 

Intake during EAH task (kcal)  61.0 ± 49.0 

Cumulative intake (kcal) 250.0 ± 131.5 

Note BMIz- BMI z-score; EAH- Eating in the absence of hunger; FDR- False Discovery Rate 

correction; GWG- Gestational weight gain; SSF- Sum of Skinfolds 
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Table 3. Prevalence of different risk factors across the composite risk score quartiles 

together with the associated composite risk score and risk factor ranges.  

 Q1 

n= 101 

Q2 

n= 91 

Q3 

n= 62 

Q4 

n= 75 

Risk score range 0-1 2-4 5-7 8-12 

Risk factors (range)1 0-1 1-2 1-4 2-5 

No risk factors 62.4% 0% 0% 0% 

Short breastfeeding 26.7% 25.9% 13.3% 34.1% 

High fasting glucose 11.8% 5.9% 29.4% 52.9% 

Paternal overweight 0% 47.3% 14.0% 38.8% 

Excessive GWG 0% 22.6% 33.1% 44.4% 

Early intro. solids 0% 14.3% 42.9% 42.9% 

Pre-pregnancy overweight 0% 0% 35.3% 64.7% 

Note GWG- Gestational weight gain; intro.-introduction to; 1Number of individual risk 

factors observed among individuals in each quartile 
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Table 4. Regression coefficients for composite risk scores for overweight during the first 

1,000 days predicting child eating behaviors1 (n=329), BMI z-scores (n=302) and sum of 

skinfolds (n= 292) at age 6 years. Both uncorrected and corrected p-values2 are 

reported. 

 B  β [95% CIs] p-value FDR p-

value 

Ideal portion size (kcal) -0.06 -3.04 [-8.86, 2.78] 0.31 0.35 

Self-served portion (kcal) 0.12 5.03 [0.47, 9.60] 0.031 0.041 

Eating rate (g/min) 0.23 0.40 [0.21, 0.59] <0.001 <0.001 

Lunch intake (kcal) 0.21 7.05 [3.37, 10.74] 0.001 0.002 

EAH (kcal) 0.09 0.12 [-1.64, 1.89] 0.89 0.89 

Cumulative intake (kcal) 0.19 7.00 [2.88, 11.13] 0.001 0.002 

BMIz 0.21 0.08 [0.04, 0.13] <0.001 <0.001 

SSF (mm) 0.17 0.70 [0.23, 1.18] 0.004 0.006 

Note B= standardised coefficient; β= unstandardized coefficient; BMIz- BMI z-score; EAH- 

Eating in the absence of hunger; FDR- False Discovery Rate correction; SSF- Sum of 

Skinfolds 1 All outcomes were adjusted for mother’s education and height, and child sex, 

ethnicity, and birth order; Self-served portion size, eating rate, lunch intake and cumulative 

intake were additionally adjusted for reported hunger before lunch and liking of the dish; 

EAH was additionally adjusted for hunger after lunch and energy consumed at lunch; 2 False  

Discovery Rate computed using Benjamini-Hochberg procedure. 
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Table 5. Mean values (± SE), group differences1 (with uncorrected and corrected p-values2) and linear trends across the risk score 

quartiles (Q1-Q4) in eating behaviors and adiposity outcomes. Each quartile has been assigned a subjective risk of overweight category. 

 Q1  

n= 101 

Q2  

n=91 

Q3  

n=62 

Q4  

n=75 

ANCOVA 

p-value 

ANCOVA 

FDR p-value 

Linear trend 

p-value 

 

Risk  Low  Moderate  High  Very high      

BMIz -0.53 ± 0.14 0.07 ± 0.14 0.11 ± 0.18 0.30 ± 0.16 0.001 0.004 <0.001  

SSF (mm) 26.9 ± 1.5 31.4 ± 1.5 31.0 ± 1.9 35.1 ± 1.1 0.005 0.010 0.001  

Ideal potion size (kcal) 312.2 ± 18.2  280.7 ±18.9  299.7 ± 23.1  270.5 ± 21.3  0.44 0.44 —  

Self-served portion (kcal) 232.4 ± 14.3 233.2 ± 14.8 265.4 ± 18.1 274.0 ± 16.6 0.16 0.21 —  

Eating Rate (g/min) 11.2 ± 0.6 12.4 ± 0.6 13.6 ± 0.7 15.0 ± 0.7 <0.001 0.001 <0.001  

Lunch intake (kcal) 168.6 ± 11.5 174.2 ± 12.0 204.6 ± 14.6 228.1 ± 13.5 0.005 0.01 <0.001  

EAH (kcal) 59.9 ± 5.3  64.2 ± 5.4 68.5 ± 6.5  55.4 ± 6.4  0.37 0.42 —  

Cumulative intake (kcal) 224.7 ± 13.0 236.3 ± 13.4 272.9 ± 16.4 282.0 ± 15.1 0.016 0.026 0.002  

Note BMIz- BMI z-score; EAH- Eating in the absence of hunger; FDR- False Discovery Rate correction; SSF- Sum of Skinfolds 1 ANCOVAs with 

polynomial post-hoc contrasts for linear trends (presented for the significant effects only), adjusted for mother’s education and height and child sex, 

ethnicity, birth order; Self-served portion, eating rate, lunch intake and cumulative intake were additionally adjusted for hunger before lunch and 

liking of the dish; EAH was additionally adjusted for  hunger after lunch and energy consumed at lunch; 2 False  Discovery Rate computed using 

Benjamini-Hochberg procedure.
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Table 6. Standardized regression coefficients for the main effects of eating behavior and composite risk score, and the inferential test of 

interaction1 between eating behavior and composite risk score (eating behavior*risk score) predicting child’s BMI z-score (n=302) and 

sum of skinfolds (n=292), with uncorrected and corrected p-values2.  Composite risk score and eating behavior outcomes were centered 

prior to the analysis.  

 BMIz SSF  

 B p-value FDR  

p-value 

B  p-value FDR  

p-value 

Ideal portion (kcal) 0.12 0.036 - 0.12 0.04 - 

Risk score 0.22 <0.001 - 0.18 0.002 - 

Ideal portion*Risk score — 0.017 0.034 — <0.001 0.012 

Self-served portion (kcal) 0.18 0.002 - 0.13 0.026 - 

Risk score 0.19 0.001 - 0.16 0.007 - 

Self-served portion*Risk score — 0.088 0.13 — 0.003 0.014 

Eating rates (g/min) 0.26 <0.001 - 0.25 <0.001 - 

Risk score 0.15 0.011 - 0.11 0.052 - 

Eating rates*Risk score — 0.11 0.15 — 0.005 0.014 

Lunch intake (kcal) 0.23 <0.001 - 0.19 0.001 - 

Risk score 0.17 0.005 - 0.13 0.023 - 

Lunch intake*Risk score — 0.15 0.18 — 0.004 0.014 

EAH (kcal) -0.01 0.92 - -0.04 0.51 - 

Risk score 0.18 0.004 - 0.13 0.036 - 

EAH*Risk score — 0.29 0.32 — 0.82 0.82 

Cumulative intake (kcal) 0.19 0.001 - 0.15 0.012 - 

Risk score 0.18 0.003 - 0.14 0.14 - 

Cumulative intake*Risk score — 0.08 0.13 — 0.006 0.014 

Note BMIz- BMI z-score; EAH- Eating in the absence of hunger; FDR- False Discovery Rate correction; SSF- Sum of Skinfolds 1 All outcomes 

were adjusted for mother’s education and height, and child sex, ethnicity, birth order; Self-served portion, eating rate, lunch intake and 

cumulative intake were additionally adjusted for child hunger before lunch and liking of fried rice; EAH was additionally adjusted for child 

hunger after lunch and energy consumed at lunch. 2 False  Discovery Rate computed using Benjamini-Hochberg procedure.
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Figure 1 (A-F) . Simple slopes demonstrating the associations between risk scores and BMI 

z-scores at 6 years at different levels of eating behavior: mean ideal portion size (A), serving 

size at lunch (B), eating rate (C), intake of energy at lunch (D), eating in the absence of 

hunger (E) and cumulative intake of energy at lunch and during the EAH task (F). For simple 

slopes analysis both risk scores and eating behaviorus were centered; * FDR-corrected p< 

0.05 for interaction term 

Figure 2 (A-F) . Simple slopes demonstrating the associations between risk scores and sum 

of skinfolds (SSF) at 6 years at different levels of eating behavior: mean ideal portion size 

(A), serving size at lunch (B), eating rate (C), intake of energy at lunch (D), eating in the 

absence of hunger (E) and cumulative intake of energy at lunch and during the EAH task (F). 

For simple slopes analysis both risk scores and eating behaviorus were centered. * FDR-

corrected p< 0.05 for interaction term 
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Figure 1.  
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Figure 2.  


