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Impact:
•	We demonstrated that maternal predominant night-eating behavior and low-quality diet are associated with higher offspring insulin resistance.
•	Maternal low-quality diet and predominant night-eating behavior synergistically interact to influence offspring insulin resistance, particularly among boys.
•	While maternal diet quality and food timing impact the mother's health, their influence on offspring long-term health outcomes through developmental programming is not well understood.
•	Our findings highlight the significance of maternal food timing and calls for further studies on its influence on child health through developmental programming. Targeting both dietary quality and food timing during pregnancy could be a promising intervention strategy.

ABSTRACT
Background
We investigated the understudied influence of maternal diet quality, food timing, and their interactions during pregnancy on offspring metabolic health.
Methods
Maternal diet at 26-28 weeks’ gestation was assessed using a 24-h recall and adherence to the modified-healthy-eating-index (HEI-SGP) reflects diet quality. Predominant night-eating (PNE) was defined as consuming >50% of total daily energy intake from 19:00-06:59. Outcomes were offspring composite metabolic syndrome score and its components measured at age 6 years. Multivariable linear regressions adjusted for relevant maternal and child covariates assessed associations of diet quality and PNE with these outcomes.
Results
Up to 758 mother-child pairs were included. The mean(SD) maternal HEI-SGP score was 52.3(13.7) points (theoretical range: 0-100) and 15% of the mothers demonstrated PNE. Maternal diet quality showed inverse relationship with offspring Homeostatic-Model Assessment-for-Insulin-Resistance (HOMA-IR) [β(95% CI): -0.08(-0.15, -0.02) per-10-point HEI-SGP increment; P=0.012]. Maternal PNE was associated with a higher offspring HOMA-IR [0.28(0.06, 0.50); P=0.012), with similar estimates after adjustment for children's BMI and diet quality; the association was stronger for boys (P-interaction<0.001) and among mothers with lower diet quality (<median HEI-SGP) (P-interaction=0.062)]. 
Conclusions
Maternal PNE and low dietary quality were associated with a higher level of insulin resistance in early childhood, especially among boys. 



INTRODUCTION
Childhood obesity and metabolic health are significant global health issues. According to the World Health Organization (WHO), prevalence of overweight and obesity in children and adolescents has increased drastically from 4% in 1975 to 18% in 2016 1. Relatedly, prevalence of pediatric metabolic syndrome is alarming, estimated to be 3% of all children and 5% of adolescents globally 2. Childhood obesity and metabolic health are complex problems requiring interventions that focus on multiple dimensions 3. To this end and backed by accumulating evidence, the Developmental Origins of Health and Diseases (DOHaD) concept posits that environmental conditions during early life are linked to health and disease states later in childhood and adult life 4. 
Diet is a critical modifiable lifestyle factor that has a significant impact on an individual’s health. Maternal dietary intake during pregnancy not only affects her own health 5,6 but also has a long-term impact on the metabolic health of their offspring 7,8. However, most research studies on maternal diet have focused on single nutrients or foods, which may not capture the complex interactions among nutrients and foods. A relatively recent paradigm shift suggests that assessing the quality of the whole diet using established dietary indices that have been linked to health outcomes, such as the Healthy Eating Index, may provide a more comprehensive approach 9. 
Yet, dietary content is not the only critical dietary aspect. Multiple lines of evidence suggest the importance of chrono-nutrition, which is the study of the interplay between food timing, circadian rhythm, and health 10. A recent landmark study (PREDICT) in the US and the UK showed that these non-food-specific factors such as meal timing can improve prediction of postprandial glucose and lipemia 11. Moreover, both animal and human studies have shown that desynchronizing eating time with one’s endogenous circadian system is deleterious to one’s metabolism and health 12. 
However, the impact of maternal diet quality and food timing during pregnancy on the long-term health outcomes of offspring through developmental programming is not well understood. Furthermore, no studies have explored the interaction between diet quality and food timing. Thus, to address these research gaps, we examined the relationships of maternal diet quality and food timing during pregnancy, and their interactions, with offspring metabolic health at 6 years of age. We hypothesized that higher maternal diet quality and a food timing that is in sync with the endogenous circadian system during pregnancy is associated with better metabolic health of the offspring. 

METHODS
Study population
We used data from the ongoing Growing Up in Singapore Towards healthy Outcomes (GUSTO) mother-offspring cohort study (ClinicalTrials.gov identifier: NCT01174875), as detailed elsewhere 13. Briefly, from 2009-2010, a total of 1450 participants were recruited from two major maternity hospitals in Singapore into the GUSTO study. Inclusion criteria were Chinese, Malay or Indian Singapore citizens or permanent residents, aged 18 years and above, and at <14 weeks gestation. Mothers receiving chemotherapy, psychotropic drugs, or who had type 1 diabetes mellitus were excluded. All participants provided informed consent upon recruitment, and the study was approved by the Domain Specific Review Board of Singapore National Healthcare Group (D/2009/021) and the Centralised Institutional Review Board of SingHealth (2018/2767). 
Exposure
Maternal dietary intakes were assessed at 26-28 weeks pregnancy using a 24-h recall, from which we derived several timing of food intakes (henceforth referred to as food timing for brevity) variables: (i) mothers who consumed more than 50% of their total daily energy intake from 19:00 h (sunset time in Singapore) to 06:59 h (sunrise) were categorized as predominant night-eaters, and the rest of the participants were labeled as predominant day-eaters; (ii) daily fasting duration was defined as the longest fasting interval between the consumption of a calorie-containing food or beverage for the past 24-h. As sunlight serves as the primary environmental signal influencing the human circadian rhythm 14, we categorize daytime and night-time intervals based on the local sunrise (~0700 hours) and sunset (~1900 hours), respectively. Owing to Singapore's equatorial location (1.3°N, 103.8°E), the times of sunrise and sunset remain relatively consistent year-round 15. Predominant night-eating can potentially capture various behavioral factors, as early risers may consume more calories before work or childrearing. Our exploratory analysis however showed similar proportions of predominant night eaters among women who woke up earlier than 7 am (16%) and those who woke up at or after 7 am (15%). The chi-square test P-value was 0.65, indicating no significant relationship between night eating and early risers in this study.
[bookmark: _Hlk168918444]For diet quality, we assessed the mothers’ overall diet using the healthy eating index for pregnant women in Singapore (HEI-SGP), which was adapted from the Healthy Eating Index (HEI) and Alternate Healthy Eating Index for Pregnancy (AHEI-P), with modifications made to accommodate the Singapore dietary guidelines for pregnant women 16. The development and validation of HEI-SGP has been detailed elsewhere 16. HEI-SGP consists of 11 components: eight on adequacy and quality of food groups (total fruit, whole fruit, total vegetables, dark green leafy and orange vegetables, total rice and alternatives, whole grains, dairy, and total protein foods), two on moderations (total fat and saturated fat), and one on adherence to recommendations of antenatal supplements, as previously described 16. The theoretical range of the HEI-SGP score is from 0-100, with a higher score reflecting higher diet quality.
Outcomes
[bookmark: _Hlk168918227]We generated a continuous composite metabolic syndrome score 17 for the children based on the sum of cohort-specific sex-standardized components z-scores at the year 6 visit. We used these components described in the literature 18: triglycerides (TG), high-density lipoprotein cholesterol (HDL), waist circumference (WC), systolic blood pressure (SBP), diastolic blood pressure (DBP), and Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) 19. To maintain consistency with the previously used definition 18, we opted to use HOMA-IR instead of HOMA2-IR in our study. HOMA-IR has been validated as a surrogate measure for insulin resistance and also showed dose-response relationship with risk of metabolic syndrome in pediatric populations 20. The measurements of these metabolic parameters have been detailed elsewhere 21 and in Text S1. HDL z-scores were multiplied with -1 because of its inverse association with metabolic risk. To derive the metabolic scores for each child, we used the following formula: WCz-scores + (SBPz-scores + DBPz-scores)/2 + HOMA-IRz-scores + (TGz-scores + [-1*HDLz-scores])/2. Therefore, a higher metabolic score indicates a higher risk of metabolic syndrome. In addition to the composite score, we also examined the individual components of the metabolic syndrome score separately. We modeled metabolic syndrome risk score as a continuous variable due to a relatively small sample size, and because metabolic risk exists on a continuum. There is currently no standard definition for classifying pediatric metabolic syndrome. We adopted one of the proposed criteria 18 by counting the presence of risk factors across four components: 1) Excess adiposity: WCz-score≥90th percentile; 2) Blood pressure: SBPz-score≥90th percentile or DBPz-score≥90th percentile; 3) Blood lipids: Triglycerides≥90th percentile or HDL cholesterol≥10th percentile; 4) Blood glucose/insulin: HOMA-IR≥90th percentile. The proportions of children with metabolic syndrome (≥3 risk factors across 4 components) was 4.2%, an estimate comparable to previous literature 18.
Covariates
We adjusted our analyses for a comprehensive list of a priori 22–24 determined covariates, including maternal ethnicity, educational attainment, age, parity, pre-pregnancy body mass index (BMI), cigarettes smoking during pregnancy, physical activity, employment during pregnancy, total daily energy intake, depressive symptoms during pregnancy, and offspring sex and age at measurements. Maternal ethnicity and educational attainment were self-reported at study enrolment. Maternal age at delivery was calculated by subtracting the date of birth retrieved from national registration from the date of delivery. Infant sex and parity were abstracted from medical or birth records. Pre-pregnancy BMI was calculated using self-reported pre-pregnancy weight and measured height in the first trimester. At an antenatal visit at 26-28 weeks’ gestation, depressive symptom scores were computed from the Edinburgh Postnatal Depression Scale (EPDS) questionnaire, and self-reported cigarettes smoking, physical activity, and employment status during pregnancy were ascertained using an interviewer-administered questionnaire. Weekly metabolic equivalent task (MET) values of the participants were computed from the physical activity levels as previously described 25.  Sensitivity analyses included additional covariates described in Text S2. 
Statistical analysis
We first summarized sociodemographic characteristics for all participants and according to day-night eating (predominant day-eating or predominant night-eating) and diet quality (low vs. high based on median cutoff) status. We tested differences in characteristics between predominant day-eating vs. predominant night-eating and low vs. high diet quality groups using two-sample t-test for continuous variables and chi-square test for categorical variables.
We conducted linear regressions (unadjusted model and model adjusted for the aforementioned covariates) to investigate associations of maternal diet quality and food timing with childhood metabolic outcomes. Interactions between diet quality and food timing, as well as between the dietary variables with sex, were modelled by including the multiplicative interaction term in the adjusted model one at a time. Additionally, we conducted a joint analysis to evaluate the impact of different combinations of maternal diet quality and food timing on offspring metabolic health. 
[bookmark: _Hlk130571538]As night shift work disrupts circadian rhythms and impact behaviour, we performed a sensitivity analysis by excluding mothers who reported engaging in any night shift work during pregnancy (n=50). We further conducted the following sensitivity analyses to assess the robustness of our main observed associations. First, to investigate the influence of other potential confounders and potential mediation by variables in the causal pathway between maternal dietary intake and childhood metabolic health, we conducted further analyses adjusting for 1) maternal fasting and 2-hour glucose levels at 26-28 weeks' gestation, 2) maternal sleep duration, 3) maternal sleep quality, 4) maternal anxiety score, 5) gestational age at birth, 6) birthweight percentile, 7) duration of any breastfeeding, 8) age at weaning, 9) children's diet quality at year 5 26, 10) children’s BMI at year 6, 11) daily duration of moderate and vigorous physical activities at year 5.5, and 12) daily screen time at year 5.5. Second, we mutually adjusted the dietary variables that show an association with childhood metabolic health to see if they were independent factors associated with childhood metabolic health. 
All data analyses were performed using Stata 16 (StataCorp LLC, College Station, TX). A two-sided P-value of <0.05 was considered statistically significant. 

RESULTS
Depending on the outcome measurements, up to 748 mother-child pairs were included for analysis (due to difficulties in obtaining blood samples from children, only 343 mother-child pairs were available for measurements that involved blood tests, i.e., HOMA-IR, TG, and HDL) (Figure S1). At baseline, the mothers had a mean age of 30.6 years and a mean BMI of 22.6 kg/m2 (Table 1). Approximately one third of the mothers had a university degree, and over half were of Chinese ancestry. Approximately 40% of the mothers were pregnant for the first time. The mean of maternal diet quality score was 52 out of a possible 100. The mean daily fasting interval was 12.3 h/d and about 15% of the mothers demonstrated predominant night-eating behavior. The proportions of male and female infants were roughly equal. At year 5, the mean child diet quality score was 61.5 out of a possible 110. At year 6 when the outcomes variables were measured, the children had a mean BMI of 15.6 kg/m2.
Compared with the predominant day-eating group, mothers demonstrating predominant night-eating behavior had a lower educational attainment and a higher EPDS score at 26-28 weeks' gestation (both P< 0.05) (Table 1). Compared with mothers with high diet quality, those with low diet quality were younger and more likely to be of Malay ethnicity and to smoke during pregnancy; they also had a lower educational attainment, a higher total daily energy intake, and a higher EPDS score (all P<0.01). Furthermore, their offspring were more likely to also have low diet quality at 5 years old (P< 0.001).
 Table 2 shows the associations of maternal diet quality and food timing with offspring metabolic health at 6 years. In unadjusted analysis, maternal diet quality was inversely associated with HOMA-IR, while night eating was directly associated (both P< 0.05). After adjusting for a comprehensive list of covariates, a 10-point increment in HEI score was associated with a 0.08-unit (95% CI: 0.02, 0.15; P= 0.012) lower HOMA-IR, while predominant night-eating was associated with a 0.28-unit (95% CI: 0.06, 0.50; P= 0.012) higher HOMA-IR. In unadjusted analysis, longer daily fasting duration was associated with a 0.03-unit (95% CI: 0.003, 0.06; P= 0.031) higher HOMA-IR, but this association was attenuated with adjustment for covariates (β (95% CI): 0.03 (-0.003, 0.06); P= 0.07). There were no significant associations between maternal food timing, diet quality and the offspring composite metabolic syndrome score; associations with other metabolic syndrome components were also not apparent.
We detected a potential interaction between maternal diet quality and day-night eating (multiplicative interaction term P-value=0.062) (Table 3). The association between predominant night-eating and higher insulin resistance was only apparent if the mothers presented with low diet quality (β (95% CI): 0.41 (0.05, 0.77); P= 0.024); but not among mothers with a high diet quality (β (95% CI): 0.09 (-0.22, 0.39); P= 0.57). Potential interaction was also detected between day-night eating and sex on HOMA-IR (P-interaction<0.001), such that the association of night eating and higher HOMA-IR was only apparent in boys (β (95% CI): 0.56 (0.23, 0.89; P= 0.001) but not in girls (β (95% CI): -0.08 (-0.34, 0.18); P= 0.55). There was no suggestion of interaction between diet quality and sex (all P-interactions>0.1). 
The joint analysis produced similar results to those obtained with multiplicative interaction. We categorized the mothers into four groups based on both diet quality and day-night eating behavior, and used the high diet quality and predominant day-eating groups as the reference, as this group confers the lowest risk of metabolic health problems to offspring. Although low diet quality and predominant night-eating behavior were associated with higher insulin resistance, only the combination of both factors was associated with a statistically higher HOMA-IR compared with the lowest risk group (β (95% CI): 0.49 (0.20, 0.78); P<0.01) (Figure 1). This association was observed only in boys (β (95% CI): 0.70 (0.26, 1.14); P<0.01), and was not prominent in girls (β (95% CI): 0.11 (-0.24, 0.46); P=0.53) (Figure 1).
[bookmark: _Hlk168914739]Excluding mothers who reported any night shift work during pregnancy did not alter the associations between dietary variables and childhood metabolic health, and the interpretation of findings remained unchanged (Table S1). After further adjustment for maternal fasting and 2-h glucose at 26-28 weeks’ gestation, maternal anxiety during pregnancy, gestational age at birth, child birth weight percentile, duration of any breastfeeding, age at weaning, children’s diet quality at year 5, children’s daily time spent doing moderate and vigorous activities and screen time at year 5.5, and children's BMI at year 6, the estimates for maternal diet quality and HOMA-IR remained essentially unchanged (Table S2). However, the associations for maternal dietary quality and offspring HOMA-IR were attenuated to borderline significance with further adjustment for maternal sleep duration (β (95% CI): 0.22 (-0.02, 0.46); P= 0.07) and sleep quality (β (95% CI): 0.22 (-0.02, 0.46); P= 0.07) (Table S2). Although slight attenuation was observed for predominant night-eating estimates, they remained statistically significant even after adjusting for maternal factors including maternal glycemia (β (95% CI): 0.26 (0.03, 0.49); P= 0.026) and other postnatal factors including children’s BMI (β (95% CI): 0.22 (0.03, 0.41); P= 0.026) (Table S2). However, after further adjustment for child diet quality, the estimates were attenuated to borderline significance (β (95% CI): 0.22 (-0.02, 0.46); P= 0.07) (Table S2). Mutual adjustment for maternal predominant night-eating and diet quality in the association with HOMA-IR showed that both factors remained significant, suggesting that they were independent risk factors (β (95% CI): -0.07 (-0.13, -0.005); P=0.036 for diet quality and 0.24 (0.02, 0.46); P=0.036 for predominant night-eating). 

DISCUSSION
In this mother-offspring cohort, follow-up of the children at age 6 years showed that predominant night-eating during pregnancy was associated with higher childhood insulin resistance, especially in boys of mothers with a low-quality diet. To our knowledge, this is the first study to investigate maternal food timing and its relationship with long-term offspring metabolic outcomes. 
Although less studied compared to individual foods and nutrients, the notion that a higher quality diet during pregnancy leads to better offspring metabolic health outcomes is increasingly supported by research. For instance, in a European consortium study, a higher maternal diet quality during pregnancy was associated with a lower risk of late-childhood overweight and lower fat mass index 22. In addition and of more relevance, a recent US study also showed that maternal diet quality was inversely associated with HOMA-IR among boys aged 4-7 years old 27. Although we did not find an interaction between maternal diet quality and offspring sex per se, we did demonstrate that maternal predominant night-eating was more strongly associated with higher HOMA-IR among boys. In addition to being the first study to investigate the potential long-term influence of maternal food timing on offspring metabolic health, our study adds to the existing literature by investigating the interaction between maternal diet quality and food timing on offspring metabolic health. We demonstrated that maternal low-quality maternal diet and predominant night-eating behavior synergistically interact to influence offspring insulin resistance at 6 years of age, particularly in boys. A high-quality maternal diet can potentially attenuate the adverse influence of night-eating on offspring metabolic health, as we showed in our stratified analysis by maternal diet quality.
In the GUSTO study, we have previously shown that maternal eating time and frequency were associated with maternal blood glucose concentrations 28, postpartum weight retention 23, and birth outcomes 24; the association of maternal predominant night-eating with offspring insulin resistance was however independent of maternal gestational glycemia. These findings collectively suggest that, in addition to the dietary content, food timing during pregnancy has the potential to impact both maternal and offspring health later in life. The effect size for maternal predominant night-eating and offspring insulin resistance is comparable to that observed in a non-randomized controlled trial that combined physical activity and dietary intervention to attenuate an increase in insulin resistance over two years in children aged 6-9, where the HOMA-IR increase was 0.18-unit less in the intervention group than the control group 29. Notably, the effect size estimates in subgroups of our study, such as boys and mothers with low dietary quality, are even greater and may have greater clinical relevance.	
The potential mechanisms by which maternal predominant night-eating may influence offspring metabolism are still not well understood. However, some studies suggest that maternal night-eating can lead to alterations in her own metabolism (reviewed in 30), which in turn can affect the development and metabolism of the offspring. For instance, maternal night-eating has been linked to higher fasting glucose 31, insulin resistance 32, and gestational weight gain 33, all of which can in turn elevate risk of metabolic disorders in the offspring. Of note, in our study predominant night-eating remained associated with offspring HOMA-IR even after adjustment for maternal glycemia. More generally, night-eating is known to disrupt normal circadian rhythm, leading to phase shift or abnormality in secretion of various endocrine factors such as insulin, glucose, leptin, melatonin, and cortisol, which all play a crucial role in regulating metabolism 34–36. In addition, night-eating is also associated with disruptions of moods and other behavioral factors such as shorter sleep and lower sleep quality 37,38, which can augment the negative influence of misaligned maternal meal time on offspring metabolic health. Although more studies investigated maternal diet quality in relation to offspring metabolic outcomes, the exact mechanism underpinning such associations remain elusive, but the involvement of inflammatory mechanisms, epigenetic modifications, and gut microbiota are frequently implicated 39–42. An alternative explanation for our observed associations is that mothers with inadequate diets may continue these habits post-delivery, which could potentially influence their child's own dietary habits and lead to unfavorable metabolic health outcomes. While the possibility of social transmission of poor dietary habits cannot be completely ruled out, the fact that the associations did not substantially attenuate after adjusting for child diet quality suggests that biological mechanisms are likely involved. More research is needed to fully understand the complex relationships between diet quality, night-eating, other lifestyle behaviors, and offspring metabolic health. 
[bookmark: _Hlk168918355][bookmark: _Hlk168918385]It is plausible that an overall healthy diet may help mitigate the adverse influence of food timing that is misaligned with circadian rhythm by modulating common pathways such as inflammation and oxidative stress. Future studies could investigate the potential mediation of inflammation and oxidative stress in the influence of maternal dietary content and timing on offspring metabolic outcomes. Currently, it is not known why maternal predominant night-eating affects insulin resistance in male offspring more severely. However, sex-dimorphic responses to maternal nutritional insult and metabolic disorders have been well-documented. For instance, in a rat study investigating intergenerational influence of maternal obesity induced by cafeteria diet, adverse influences on adiposity and metabolism appeared more marked in male offspring 43. In human studies, the associations between 1) gestational diabetes and higher risk of macrosomia 44; 2) higher maternal protein intake and lower neonatal abdominal adiposity 45; and 3) higher maternal dietary inflammatory potential and lower birth size 46 have all been shown to be more prominent in boys than in girls. In addition, a recent study also reported that prenatal maternal cobalamin status affected insulin resistance in male offspring only 47. Some hypotheses underpinning the sexual-dimorphic responses is that male fetuses might be more vulnerable to variations in maternal nutrition due to differences in placental function and hormonal environment, which could lead to differential metabolic outcomes postnatally. It is established that boys grow faster than girls from the early gestation stage 48,49. However, research also indicates that the ratio of placental weight to birthweight is lower in boys, suggesting that boys' placentas are more efficient but possess less reserve capacity compared to girls' placentas, thereby increasing boys' vulnerability to maternal malnutrition during pregnancy 50. Differential exposure to sex hormones can also result in sexual dimorphic responses. For instance, studies have demonstrated the anti-diabetic effects of estrogen, and targeted estrogen administration successfully reversed metabolic syndrome characteristics in diet-induced obese male mice 51. Of note, estrogen production in healthy children begins before adrenarche, and there are significantly higher estrogen levels in girls than in boys at 6 years old 52, which is the age of outcome measurement in our study. Furthermore, it has been proposed that excessive exposure to androgens during pregnancy may lead to the development of diabetic phenotypes in offspring 53, and androgen exposure is greater in male fetuses than female fetuses 54. Although we acknowledge that the stronger association in male offspring might be a chance finding due to smaller sample size, we believe it warrants further investigation, either in replication or mechanistic studies.
Our study is strengthened by the long follow-up period of the children. Moreover, Singapore's location at 1.3 degrees north of the equator is noteworthy, as it experiences a consistent day length throughout the year. This may have contributed to the accuracy of our food timing estimation, as seasonal variations have less influence in this region. Additionally, we were able to adjust for a comprehensive list of covariates.
[bookmark: _Hlk168918287] However, several limitations should be noted. First, pregnancy diet was assessed only once during the 26th-28th week of pregnancy using self-report. Nevertheless, since maternal diet measurement was conducted before the outcomes, any measurement errors are more likely to be non-differential with respect to outcome measurement. Therefore, our observed estimates are likely to be more conservative. Moreover, previous studies have shown little variations of both temporal distribution of energy intake 33 and diet quality 55 across trimesters. Second, although we attempted to adjust for a comprehensive list of covariates, future studies should consider other covariates such as maternal chronotype that was not available in our study. Third, as with any observational study, the possibility of residual confounding cannot be excluded, and causality cannot be easily proven. The generalizability of our findings to populations with varying dietary and cultural backgrounds is unclear and requires further investigation. Due to variations in modifications and guidelines across different dietary quality scales used to measure pregnancy dietary quality, the resulting scores may not be directly comparable across studies. The mean HEI-SGP score in our cohort (52) is however similar to those from the US NHANES study from 2011-2018 based on the HEI-2015 (mean score in 2011-2012: 56) 56. Our previous review 57 suggests that the prevalence of predominant night-eating in our population appears to be lower than in studies conducted in Brazil and the US.
Our study provides important insights into the long-term impact of maternal night eating during pregnancy on offspring metabolic health. Our results suggest that meal timing that is not aligned with human circadian rhythm not only impacts an individual’s health but can also potentially adversely influences subsequent generations. Therefore, in addition to an overall healthy diet, pregnant women should be informed about the significance of food timing. However, circadian rhythm regulation is intricately linked with various factors including physical activity, stress levels, sleep quality, and duration. While our sensitivity analyses suggest that these factors do not entirely account for the associations observed, future research should endeavor to further untangle these variables. This could involve investigating their collective impact as well as their individual contributions to circadian misalignment in pregnant women, and subsequently exploring their combined influence on the metabolic health of offspring.
Conclusion
In conclusion, our findings indicate that maternal predominant night-eating and low diet quality during pregnancy were independent risk factors for higher childhood insulin resistance. Moreover, the adverse influence of night eating was exacerbated by a low-quality diet, highlighting the importance of a high-quality diet to attenuate the negative impact of night eating. Overall, our results suggest that aligning maternal food timing with the endogenous circadian rhythm could be a promising strategy for improving childhood metabolic health, but further research is needed to confirm our findings and explore potential mechanisms. These findings highlight the importance of informing pregnant women about the significance of food timing and considering it as a factor in prenatal care.

Data Availability Statement 
Data are available upon request to the GUSTO team for researchers who meet the criteria for access to confidential data.
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Figure Legends
Figure 1 Joint analysis of diet quality and night eating in association with HOMA-IR.
The diamonds are beta-coefficients and the vertical lines are 95% confidence intervals, derived from linear regressions with HOMA-IR as the dependent variables and the different combination of diet quality and night eating behaviors as the independent variables. The estimates were adjusted for maternal ethnicity, highest educational attainment, age at recruitment, parity, pre-pregnancy BMI, cigarettes smoking during pregnancy, physical activity, working during pregnancy, total energy intake, depressive symptoms during pregnancy, and offspring sex and exact age at outcome measurements.
**P< 0.01
HOMA-IR, Homeostatic Model Assessment for Insulin Resistance





