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Summary

Background: Little is known about the normal eating time periods in adolescents with obesity 

and how these patterns change throughout development. As the obesity epidemic continues to rise 

in adolescence, it becomes imperative to understand developmentally appropriate eating 

behaviours and to create weight management strategies that build on those innate patterns and 

preferences. The purpose of this study was to determine the most common habitual eating 

windows observed in adolescents with obesity.

Methods: Participants were 101 Hispanic adolescents (mean age 14.8 ± 2.1 years; 48 male/53 

female) with obesity (BMI ≥95th percentile) who were recruited as part of a larger clinical trial. 

Dietary intake and meal timing was determined using multiple pass 24-hours recalls. Histograms 

were utilized to determine the natural distribution of percent consumption of total kilocalories, 

carbohydrates and added sugar per hour.

Results: The majority of total kilocalories (65.4%), carbohydrates (65.3%) and added sugar 

(59.1%) occurred between 11:00 and 19:00. Adolescents were 2.5 to 2.9 times more likely to 

consume kilocalories, carbohydrates, and added sugar during the 8-hour window between 11:00 

AM and 19:00 PM than other time windows examined (all P < .001). The consumption of these 

calories did not differ between weekdays and weekend (P > .05) or by sex.

Conclusions: In this cohort, more than 60% of calories, carbohydrates and added sugar were 

consumed between 11:00 AM and 19:00 PM, which is concordant with an afternoon/evening 

chronotype that is common in adolescents. Our findings support this 8-hour period as a practical 

window for weight loss interventions that target pre-specified eating periods in this population.
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1 | INTRODUCTION

Little is known about the normal eating time periods in adolescents with obesity and how the 

developmental, shifting chronotype impacts these patterns.1,2 Daytime specific energy intake 

and eating frequency is affected by individual chronotype patterns.1,3 Chronotype is defined 

as the individual variations of sleep timing and diurnal preferences, and is proposed to be 

influenced by age, developmental stage, environmental light, and genetics.4 Children have 

natural tendencies toward specific circadian patterns that change throughout their childhood.
5 It has been postulated that chronotype may be impacted by sex-specific hormonal changes 

and thus the shifting begins during the period of pubertal progression and is more delayed in 

males concordant with later pubertal onset than females.1,3 During this transition, 

adolescents will shift from a morning chronotype, well described in pre-pubertal children 

with an early morning wake time and early bedtime, to an evening chronotype as they start 

to stay up later and sleep in later.1,5,6 Adolescents ages 17 to 19 are on average the latest 

chronotypes, and their delayed sleep-wake behaviours clash with traditional eating patterns, 

school start times and other scheduled activities of daily living.1–3

As the obesity epidemic continues to rise in adolescence, it becomes imperative to 

understand developmentally appropriate eating behaviours and to create weight management 

strategies that build on those innate patterns and preferences.7 Evidence-based dietary 

interventions are effective when adolescents are able to consistently adhere to intervention 

recommendations.8–11 Unfortunately, a majority of adolescents with obesity have poor 

adherence to such interventions, resulting in minimal BMI status reduction.12–15 It could be 

postulated that adherence may improve if dietary recommendations mirror an eating pattern 

that best fits with the usual weekly routine and chronotype.1,4,6

One dietary intervention that is gaining in popularity is time limited eating (TLE)16–19 TLE 

has been shown to be an effective pattern for weight loss and to improve glycaemic control 

in adults with obesity and type 2 diabetes (T2D).20–22 Although this approach may align 

well with normal adolescent eating patterns, it has not been well studied in adolescents with 

obesity.23,24 There is a growing body of evidence, obtained from rodent models, that TLE 

improves glucose tolerance, reduces hepatosteatosis and improves markers of cardiovascular 

health.25,26 One TLE approach involves interspersing an 8 to 10 hour period of normal daily 

caloric intake with a 14 to 16 hour period of fasting several times a week.18,27 There have 

been several studies evaluating the impact of skipping breakfast in both children and adults 

but it remains unclear whether early morning fasting negatively impact body weight and 

glucose homeostasis.28–31 An afternoon/evening TLE based approach may be uniquely 

suited for adolescents with obesity, as it has the potential to be more aligned with their 

habitual social eating patterns and thus more feasible, flexible, and non-stigmatizing given 

that it does not require calorie counting or macro-nutrient monitoring.19,32 However, it 
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remains unknown which eating window would align most closely with the normal 

chronotype seen at this developmental stage.24,33

There is a paucity of literature describing the normal timing of eating in adolescents with 

obesity.1,34,35 This gap is important to address because although there are multiple dietary 

interventions available for weight management, it is unknown which are uniquely suited for 

this developmental stage. Therefore, the present study aimed to classify the most common 

eating windows observed in adolescents with obesity. We hypothesized that adolescents with 

obesity would consume the majority of their total kilocalories, carbohydrates, and added 

sugar in the afternoon and evening in conjunction with their shifting chronotype.

2 | METHODS

2.1 | Overall study design and location

This study was a cross sectional analysis in 101 Hispanic adolescents with obesity recruited 

from various clinical programs (Figure 1). The adolescents were recruited to participate in a 

randomized controlled trial of a dietary intervention, focused on sugar reduction in Hispanic 

youth. This study was limited to Hispanic youth to align with the larger clinical trial aims 

given that Hispanic youth with obesity are disproportionally affected by sugar intake and 

risk of Non-alcoholic fatty liver disease (NAFLD), thus the intervention was created for 

delivery to this specific cohort.36 For the purpose of this study, only baseline data was 

utilized. Study procedures were approved by the Children’s Hospital Los Angeles (CHLA) 

Institutional Review Board and is in accordance with the Helsinki Declaration of 1975, as 

revised in 2008. The study was reported according to the Consolidated Standards of 

Reporting Trials (CONSORT) statement for randomized trials of non-pharmacological 

treatments and is registered with ClinicalTrials.gov (NCT02948647). Written informed 

consent was obtained from the adolescents and one parent or guardian.

2.2 | Participant eligibility criteria

Eligible participants were males and females who self-identified as Hispanic and were ages 

12 to 18 years with BMI ≥95th percentile for age and sex. Youth was excluded if they had: 

(a) previous diagnosis of pre-diabetes, diabetes, Polycystic Ovarian Syndrome (PCOS) or 

NAFLD; (b) current use of medication that impacts weight or executive functioning (eg, 

antipsychotics-bupropion/naltrexone, stimulants, sedatives, hypnotics, off-label obesity 

medication-metformin, topiramate, phentermine, glucagon-like-1 peptide agonists, and 

insulin); (c) current participation in other inter-ventional studies; (d) previous diagnosis of 

intellectual disability or syndrome form of obesity (eg, Prader-Willi syndrome) (e) smoking; 

or (f) pregnancy. Participants were recruited from: (a) paediatric gastroenterology clinics at 

Los Angeles-County and University of Southern California Medical Centre and CHLA; (b) 

the paediatric gastroenterology clinic in Long Beach; and (c) the Obesity/Endocrinology 

Clinics at CHLA.

2.3 | Primary outcomes

2.3.1 | Nutrient data system recall 24 hour dietary recall—Dietary intake was 

collected using the 24-hours multiple-pass recall technique, and was obtained at least in 
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duplicate (1 weekday and 1 weekend day) or triplicate (2 weekdays and 1 weekend day) by 

bilingual and trained research personnel under the supervision of a registered dietitian. This 

study utilized dietary recalls collected at baseline. When possible, recalls were not collected 

during holidays or periods in which the participant’s schedule was not representative of their 

typical day. Each recall collection was completed within the same week (collection of 2 

weekdays and 1 weekend) prior to randomization. All data collection occurred prior to the 

COVID-19 pandemic. The procedures used in the 1985 to 1986 United States Department of 

Agriculture Continuing Survey of Food Intakes of Individuals (USDA-CSFII) were followed 

and all recalls were collected in a personal interview using a standardized protocol based on 

the “multiple pass” method which was developed and tested by the USDA for use in the 

1994 to 1996 CSFII in an effort to limit the extent of under-reporting.37 The standard multi-

pass method includes the “Quick List”, “Forgotten Foods”, “Time and Occasion”, the 

“Detail Cycle”, and a “Final Probe”.

The dietary data collected by recall was analysed and compiled using the most current 

version of the nutrient data system recall (NDSR) which was developed by the Nutrition 

Coordinating Centre, University of Minnesota, and is considered the “gold standard” of 

nutrition databases for 24-hour recall dietary assessment. The NDSR time-related database 

updates analytic data while maintaining nutrient profiles true to the version used for data 

collection, thereby reflecting the marketplace throughout the study. The first recall was 

performed in person at our laboratory with the use of food models, portion handouts and 

measuring cups to assist in estimating serving sizes. The interviewer asked the adolescent to 

list in sequence all foods and beverages consumed during the previous day, identify 

omissions in the initial list, and then provide details (eg, portion sizes, brand names, 

preparation methods) for each item. The remaining recalls were conducted by telephone 

with the adolescents without parental contribution.

2.3.2 | Eating time windows—After plotting the total consumption by hour to 

determine the natural distribution throughout the 24-hour window, three 8-hour time 

windows were defined prior to conducting the analysis in an effort to capture the predicted 

eating periods in this age group that captured early, mid-day and evening eating periods. The 

timing of these categories were determined based on: (a) the most common lunch time 

schedule at schools within the Los Angeles Unified School District, (b) average self-reported 

timing of dinner consumption from a small clinical sample (n = 15) and (c) multiple TLE 

based approaches have recommended 8 to 10 hour feeding windows either defined in the 

early AM or afternoon/evening.23,27,38

2.4 | Demographics and medical history

At baseline, participant demographics, completed by the family member, including family 

member’s or caregiver’s age, family member and adolescent’s race/ethnicity, household 

composition, socioeconomic status (education, income), as well as family and adolescent’s 

medical history were collected.
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2.5 | Statistical analysis

Descriptive statistics were used to describe the demographic data shown in Table 1. 

Continuous variables were summarized using mean with SE and median with inter-quartile 

range (IQR). Categorical variables were summarized using frequency and percentage. The 

primary analytic endpoints in this analysis were daily intake of calories (kcal/day), 

carbohydrates (grams/day) and added sugar (grams/day). A histogram was created to 

determine the natural distribution of consumption per hour over the 24 hour period and then 

percent consumption for each endpoint was plotted. Generalized estimating equations model 

based on gamma distribution was used to assess the difference in calories consumption 

variables across three 8-hour eating window groups. Then, multiple comparisons with 

Bonferroni adjustment was used for pairwise comparisons. The results are summarized as 

relative calorie ratio with 95% confidence interval (CI) and P values. Statistical significance 

was set at 5% level with two-sided test throughout. All statistical computations are done 

using Stata/SE 15.1 (StataCorp, College Station, Texas).

3 | RESULTS

A total of 101 Hispanic adolescents with obesity (male/female: 48/53), a mean age of 14.9 ± 

2.1 years and baseline body mass index (BMI) of 34.2 ± 6.5 kg/m2 completed a 24-hour 

dietary recall. The baseline participant characteristics are shown in Table 1. In this cohort, on 

average, participants consumed 3648 (2593–4872) kcal/day, 455 (326–627) grams/day of 

carbohydrates (50% of total daily caloric intake) and 100 g/day (56–148) of added sugar 

(11% of total daily caloric intake), 101 g/day of fat (25% of total daily caloric intake) and 

127 g/day of protein (14% of total daily caloric intake). The majority of consumption of 

total calories (65 [52, 79.4] %), carbohydrates (65 [50.7, 78.0] %) and added sugar (59 

[31.5, 92.2] %) occurred between 11:00 and 19:00 (Figures 1–3 and Table 2.) The percent of 

total daily caloric intake of kilocalories (kcal, Figure 1), carbohydrates (grams, Figure 2) and 

added sugar (grams, Figure 3) by hour out of the 24-hour period was classified. In this 

cohort, most of the consumption occurred between 11:00 AM and 19:00 PM on both weekday 

and weekend day (Figures 1–3). Seventy-two percent of participants reported their first meal 

of the day as lunch, whereas the remainder ate less than one-third of their total daily caloric 

intake before 11 AM On weekdays, the percent consumption in total calories and 

carbohydrates started to increase from 09:00 AM to 13:00 PM followed by a decrease in 

consumption between 13:00 PM and 14:00 PM with a subsequent rise in percent consumption 

(Figure 1). These findings were similar on weekend days. Timing of intake and percent 

consumption of total calories, carbohydrates and added sugars did not differ by sex (P 
= .32). Generalized estimating equations model was utilized to assess the difference in total 

calories, carbohydrate and added sugar consumption between three 8-hour eating windows 

that captures early morning, afternoon/evening and night periods (0300–1059, 1100–1859, 

1900–0259; all P < .002) on both weekdays and weekend days. Adolescents were 2.5 to 2.9 

times more likely to consume calories (RR 2.7, 95% CI = 2.3, 3.1, P < .001), carbohydrates 

(RR 2.5, 95% CI = 2.2, 2.9, P < .001), and added sugars (RR 2.9, 95% CI = 2.4, 3.6, P 
< .001), between 1100 and 1859 than the other time windows. The consumption of these 

calories did not differ between weekdays and weekend (all interaction term P > .05).
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4 | DISCUSSION

The present study assessed the cross-sectional relationship between time of day and 

macronutrient consumption in a sample of Hispanic adolescents with obesity. The patterns 

of total energy and macronutrient intake captured by the 24-hour dietary recall resembled 

the normal chronotype observed in this developmental stage, with a shift toward afternoon 

and evening activities that include the timing of food consumption. In this cohort of 

adolescents with obesity, the number of daily calories, carbohydrates and added sugars 

consumed each day were higher than current age-appropriate recommendations.39 

Specifically added sugar intake was almost double the recommended daily allowance which 

has been directly correlated with obesity related comorbidities, specifically non-alcoholic 

fatty liver disease.40–42

The majority of adolescents in this cohort consumed their total kilocalories, carbohydrates 

and added sugar between 1100 and 1900, consuming about 65% of their total calories during 

this period with less than one-third of calories consumed before 11 AM These findings differ 

from those seen in pre-pubertal children in which a larger portion of total calories are 

consumed before 11 AM including breakfast and morning snack.43 Interestingly, in our 

cohort there was no difference in timing of food intake by sex which differs from previously 

studies which have suggested that chronotype may be impacted by sex-specific hormonal 

changes and thus eating windows may differ by sex.3 The sex differentiation has previously 

been reported to start in the later tanner stages, around age 16 to 19 years.3 The lack of 

differentiation in our cohort may be explained by the small sample size.

These findings suggest that Hispanic adolescents with obesity eat most of their daily food 

intake in the afternoon/evening period. Previous studies have shown that adolescents 

chronotype shifts from a morning profile to an afternoon/evening profile which may impacts 

their eating schedules as well and explain these findings. It remains unclear if this shift in 

the timing of eating negatively influences metabolic outcomes or promotes overweight and 

obesity. It has been suggested that there is a link between skipping breakfast and obesity in 

adolescents, however many of the results are conflicting. Recent NHANES data shows that 

only 76% of adolescent males and 69% of adolescent females consume breakfast; this is a 

stark decrease when compared to those ages 2-to-5 years old in which 95% consume 

breakfast daily.44 A recent meta-analysis conducted in young adults reported that skipping 

breakfast increased the risk of overweight/obesity by 48% in cross-sectional studies and 

44% in cohort studies.45,46 However, none of the reviewed articles discussed specific eating 

windows nor commented on how skipping breakfast extends the eating period.

Time Limited Eating is a novel dietary approach that may be particularly effective in 

adolescents given its simple implementation strategy.24,27,47 There is a growing body of 

literature to support that TLE approaches are effective in both body fat reduction and 

improvement in cardiometabolic outcomes in adults; however, their success is based on good 

adherence and sustainability.18,23,38,48 It remains poorly understood whether the efficacy of 

TLE is based on the timing of eating or the caloric restriction that occurs due to the 

narrowing of the eating window. There is a paucity of literature directly comparing the 

various potential eating time windows.33,38,49 In addition, the accept-ability and long-term 
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feasibility of implementing an early TLE approach in real life settings remains unclear. To 

successfully utilize this technique in adolescents, a population well-known for poor 

adherence and sustainability, one potential strategy may be to pre-scribe an eating window 

that aligns with their usual daily activity and eating pattern. Based on this cohort an 

afternoon/evening TLE approach would lead to a 30% to 36% reduction in consumption of 

calories, carbohydrates and added sugar. These reductions would align with current 

recommendations for age appropriate intake of carbohydrates and added sugars as well as 

caloric restriction for acute weight loss in adolescents and young adults with obesity.8,11

In addition, this age-aligned eating window should be accounted for when adolescents with 

obesity present for weight management treatment. As has been demonstrated in other 

chronic disease models conducted in paediatric populations, treatment regimens that harness 

normal activities of daily living are more effective and sustainable in this age group.
50–52Successful dietary interventions often require a lifestyle redesign that supports 

sustained behaviour change and does not interfere with the adolescent’s daily commitments 

and activities.53,54

The strengths of the present study include the use of data from a fairly homogenous, 

adolescent population and detailed food consumption data using an in-person 24-hours 

dietary recall conducted in duplicate or triplicate. There are several limitations to consider as 

well. First, as the sample was specific to Hispanic adolescents, there may be cultural 

components that could explain the eating windows identified and prevent generalization of 

the findings to other ethnic groups. Multiple studies have demonstrated that eating practices 

and perceptions differ across ethnic groups. Studies examining perceptions of eating in 

Hispanic American Child-parent dyads compared to non-Hispanic dyads have reported an 

increased emphasize on preparing traditional meals, consuming the entire portion served, 

preparing meals together as a family and a negative perception of eating alone.55–57 These 

differences could impact not only perceptions of eating but also eating time periods and 

therefore further studies in more diverse cohorts are required. Secondly, dietary intakes were 

self-reported and subject to measurement error or social desirability bias. In addition, 

adolescents may not accurately recall all the food items consumed in different time windows 

which could lead to under or over reporting of consumption. Finally, sleep and wake times 

were not collected in this cohort which limits our ability to clearly demonstrate a shifting 

chronotype and how that change is associated with reported eating times.

5 | CONCLUSIONS

In summary, we found that Hispanic adolescents with obesity consume more than 65% of 

calories, carbohydrates and added sugars between 1100 and 1900. These findings reinforce 

that circadian eating patterns in this age group are consistent with an afternoon/evening 

chronotype profile and differ from patterns seen in early childhood. Therefore, an afternoon/

evening TLE approach may be more feasible and socially acceptable as it aligns with the 

normal circadian pattern seen at this developmental stage. Future studies are needed to 

explore the effectiveness of a TLE based approach in adolescents and to examine the long-

term outcomes of an afternoon/evening-based approach compared to TLE in this population.
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%BMIp95 percent over the 95th percentile

coef coefficient

CI confidence interval

REFERENCES

1. Rossbach S, Diederichs T, Nothlings U, Buyken AE, Alexy U. Relevance of chronotype for eating 
patterns in adolescents. Chronobiol Int. 2018;35(3):336–347. [PubMed: 29231764] 

2. Najem J, Saber M, Aoun C, El Osta N, Papazian T, Rabbaa Khabbaz L. Prevalence of food addiction 
and association with stress, sleep quality and chronotype: a cross-sectional survey among university 
students. Clin Nutr. 2020;39(2):533–539. [PubMed: 30878156] 

3. Fischer D, Lombardi DA, Marucci-Wellman H, Roenneberg T. Chronotypes in the US - influence of 
age and sex. PLoS One. 2017;12(6): e0178782. [PubMed: 28636610] 

4. Hittle BM, Gillespie GL. Identifying shift worker chronotype: implications for health. Ind Health. 
2018;56(6):512–523. [PubMed: 29973467] 

5. Zerbini G, Merrow M. Time to learn: how chronotype impacts education. Psych J. 2017;6(4):263–
276. [PubMed: 28994246] 

6. Yu BY, Yeung WF, Ho YS, et al. Associations between the Chronotypes and eating habits of Hong 
Kong school-aged children. Int J Environ Res Public Health. 2020;17(7).2583–2590.

7. Hales CM, Fryar CD, Carroll MD, Freedman DS, Ogden CL. Trends in Obesity and Severe Obesity 
Prevalence in US Youth and Adults by Sex and Age, 2007–2008 to 2015–2016. JAMA. 
2017;319:1723–1725.

8. Kelly AS, Barlow SE, Rao G, et al. Severe obesity in children and adolescents: identification, 
associated health risks, and treatment approaches: a scientific statement from the American Heart 
Association. Circulation. 2013;128(15):1689–1712. [PubMed: 24016455] 

9. Barlow SE. Expert committee recommendations regarding the prevention, assessment, and treatment 
of child and adolescent overweight and obesity: summary report. Pediatrics. 2007;120(Suppl 4): 
S164–S192. [PubMed: 18055651] 

10. Barlow SE, Dietz WH. Management of child and adolescent obesity: summary and 
recommendations based on reports from pediatricians, pediatric nurse practitioners, and registered 
dietitians. Pediatrics. 2002;110(1 Pt 2):236–238. [PubMed: 12094001] 

11. Styne DM, Arslanian SA, Connor EL, et al. Pediatric Obesity-assessment, treatment, and 
prevention: an endocrine society clinical practice guideline. J Clin Endocrinol Metab. 
2017;102(3):709–757. [PubMed: 28359099] 

Vidmar et al. Page 8

Pediatr Obes. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. Sevilla-Villanueva B, Gibert K, Sanchez-Marre M, Fito M, Covas MI. Evaluation of adherence to 
nutritional intervention through trajectory analysis. IEEE J Biomed Health Inform. 
2017;21(3):628–634. [PubMed: 27925598] 

13. Hampl S, Paves H, Laubscher K, Eneli I. Patient engagement and attrition in pediatric obesity 
clinics and programs: results and recommendations. Pediatrics. 2011;128(Suppl 2):S59–S64. 
[PubMed: 21885646] 

14. Holm JC, Gamborg M, Bille DS, Gr Nb KH, Ward LC, Faerk J. Chronic care treatment of obese 
children and adolescents. Int J Pediatr Obes. 2011;6(3–4):188–196. [PubMed: 21529264] 

15. Zeller M, Kirk S, Claytor R, et al. Predictors of attrition from a pediatric weight management 
program. J Pediatr. 2004;144(4):466–470. [PubMed: 15069394] 

16. de Cabo R, Mattson MP. Effects of intermittent fasting on health, aging, and disease. N Engl J 
Med. 2019;381(26):2541–2551. [PubMed: 31881139] 

17. Mattson MP, Longo VD, Harvie M. Impact of intermittent fasting on health and disease processes. 
Ageing Res Rev. 2017;39:46–58. [PubMed: 27810402] 

18. Chow LS, Manoogian ENC, Alvear A, et al. Time-restricted eating effects on body composition 
and metabolic measures in humans who are overweight: a feasibility study. Obesity (Silver 
Spring). 2020;28(5): 860–869.

19. Cienfuegos S, Gabel K, Kalam F, et al. Effects of 4- and 6-h time-restricted feeding on weight and 
cardiometabolic health: a randomized controlled trial in adults with obesity. Cell Metab. 
2020;32:366–378.e3. [PubMed: 32673591] 

20. Moon S, Kang J, Kim SH, et al. Beneficial effects of time-restricted eating on metabolic diseases: a 
systemic review and meta-analysis. Nutrients. 2020;12(5).1267–1278.

21. Melkani GC,Panda S. Time-restricted feeding for prevention and treatment of cardiometabolic 
disorders. J Physiol. 2017;595(12): 3691–3700. [PubMed: 28295377] 

22. Hutchison AT, Regmi P, Manoogian ENC, et al. Time-restricted feeding improves glucose 
tolerance in men at risk for type 2 diabetes: a randomized crossover trial. Obesity (Silver Spring). 
2019;27(5):724–732. [PubMed: 31002478] 

23. Wilkinson MJ, Manoogian ENC, Zadourian A, et al. Ten-hour time-restricted eating reduces 
weight, blood pressure, and atherogenic lipids in patients with metabolic syndrome. Cell Metab. 
2020;31(1): 92–104.e105. [PubMed: 31813824] 

24. Jebeile H, Gow ML, Lister NB, et al. Intermittent energy restriction is a feasible, effective, and 
acceptable intervention to Treat adolescents with Obesity. J Nutr. 2019;149:1189–1197. [PubMed: 
31006807] 

25. Liu H, Javaheri A, Godar RJ, et al. Intermittent fasting preserves beta-cell mass in obesity-induced 
diabetes via the autophagy-lysosome pathway. Autophagy. 2017;13(11):1952–1968. [PubMed: 
28853981] 

26. Okauchi H, Hashimoto C, Nakao R, Oishi K. Timing of food intake is more potent than habitual 
voluntary exercise to prevent diet-induced obesity in mice. Chronobiol Int. 2019;36(1):57–74. 
[PubMed: 30212233] 

27. Gabel K, Hoddy KK, Varady KA. Safety of 8-h time restricted feeding in adults with obesity. Appl 
Physiol Nutr Metab. 2019;44(1):107–109. [PubMed: 30216730] 

28. Cooper SB, Bandelow S, Nute ML, Morris JG, Nevill ME. Breakfast glycaemic index and 
exercise: combined effects on adolescents’ cognition. Physiol Behav. 2015;139:104–111. 
[PubMed: 25446221] 

29. Levitsky DA, Pacanowski CR. Effect of skipping breakfast on subsequent energy intake. Physiol 
Behav. 2013;119:9–16. [PubMed: 23672851] 

30. Chowdhury EA, Richardson JD, Tsintzas K, Thompson D, Betts JA. Postprandial metabolism and 
appetite do not differ between lean adults that eat breakfast or morning fast for 6 weeks. J Nutr. 
2018; 148(1):13–21. [PubMed: 29378040] 

31. Nas A, Mirza N, Hägele F, et al. Impact of breakfast skipping compared with dinner skipping on 
regulation of energy balance and metabolic risk. Am J Clin Nutr. 2017;105(6):1351–1361. 
[PubMed: 28490511] 

32. Gabel K, Varady KA. Feasibility of time-restricted eating. Obesity (Silver Spring). 2020;28(5):860.

Vidmar et al. Page 9

Pediatr Obes. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



33. Heilbronn LK, Regmi P. Will delaying breakfast mitigate the metabolic health benefits of time-
restricted eating? Obesity (Silver Spring). 2020;28.724–732. [PubMed: 32202075] 

34. McHill AW, Phillips AJ, Czeisler CA, et al. Later circadian timing of food intake is associated with 
increased body fat. Am J Clin Nutr. 2017;106(5):1213–1219. [PubMed: 28877894] 

35. St-Onge MP, Ard J, Baskin ML, et al. Meal timing and frequency: implications for cardiovascular 
disease prevention: a scientific statement from the American Heart Association. Circulation. 
2017;135(9): e96–e121. [PubMed: 28137935] 

36. Schwimmer JB, McGreal N, Deutsch R, Finegold MJ, Lavine JE. Influence of gender, race, and 
ethnicity on suspected fatty liver in obese adolescents. Pediatrics. 2005;115(5):e561–e565. 
[PubMed: 15867021] 

37. Tippett KS, Cypel YS. Design and Operation. The Continuing Survey of Food Intakes by 
Individuals and the Diet and Health Knowledge Survey, 1994–1996; 1998; US Department of 
Agriculture.

38. Sutton EF, Beyl R, Early KS, Cefalu WT, Ravussin E, Peterson CM. Early time-restricted feeding 
improves insulin sensitivity, blood pressure, and oxidative stress even without weight loss in men 
with prediabetes. Cell Metab. 2018;27(6):1212–1221.e1213. [PubMed: 29754952] 

39. Gidding SS, Dennison BA, Birch LL, et al. Dietary recommendations for children and adolescents: 
a guide for practitioners: consensus statement from the American Heart Association. Circulation. 
2005; 112(13):2061–2075. [PubMed: 16186441] 

40. Filgueiras AR, Pires de Almeida VB, Koch Nogueira PC, et al. Exploring the consumption of ultra-
processed foods and its association with food addiction in overweight children. Appetite. 
2019;135:137–145. [PubMed: 30439381] 

41. Jensen T, Abdelmalek MF, Sullivan S, et al. Fructose and sugar: a major mediator of non-alcoholic 
fatty liver disease. J Hepatol. 2018; 68(5):1063–1075. [PubMed: 29408694] 

42. Jones RB, Alderete TL, Kim JS, Millstein J, Gilliland FD, Goran MI. High intake of dietary 
fructose in overweight/obese teenagers associated with depletion of Eubacterium and 
streptococcus in gut microbiome. Gut Microbes. 2019;10(6):712–719. [PubMed: 30991877] 

43. Roenneberg T, Kuehnle T, Pramstaller PP, et al. A marker for the end of adolescence. Curr Biol. 
2004; 14. R1038–R1039. [PubMed: 15620633] 

44. O’Neil CE, Nicklas TA, Fulgoni VL 3rd. Nutrient intake, diet quality, and weight measures in 
breakfast patterns consumed by children compared with breakfast skippers: NHANES 2001–2008. 
AIMS Pub Health. 2015;2(3):441–468. [PubMed: 29546119] 

45. Ardeshirlarijani E, Namazi N, Jabbari M, et al. The link between breakfast skipping and 
overweigh/obesity in children and adolescents: meta-analysis of observational studies. J Diabetes 
Metab Disord 2019;18(2):657–664. [PubMed: 31890690] 

46. Ma X, Chen Q, Pu Y, et al. Skipping breakfast is associated with overweight and obesity: a 
systematic review and meta-analysis. Obes Res Clin Pract. 2020;14(1):1–8. [PubMed: 31918985] 

47. Vidmar AP, Goran MI, Raymond JK. Time-limited eating in pediatric patients with Obesity: a case 
series. J Food Sci Nutr Res. 2019;2(3): 236–244. [PubMed: 32455345] 

48. Lowe DA, Wu N, Bibby LR. Effects of time-restricted eating on weight loss and other metabolic 
parameters in women and men with overweight and obesity: The TREAT randomized clinical trial. 
JAMA Intern Med. 2020;10:1–9.

49. Jamshed H, Beyl RA, Della Manna DL, Yang ES, Ravussin Peterson CM. Early time-restricted 
feeding improves 24-hour glucose levels and affects markers of the circadian clock, aging, And 
autophagy in humans. Nutrients. 2019;11(6).1234–1246.

50. Neinstein LS. The treatment of adolescents with a chronic illness: physicians must go beyond the 
medical model. West J Med. 2001;175(5):293–295. [PubMed: 11694463] 

51. Santos T, de Matos MG, Marques A, Simões C, Leal I, MdC M. Adolescent’s subjective 
perceptions of chronic disease and related psychosocial factors: highlights from an outpatient 
context study. BMC Pediatr. 2016;16(1):211–211. [PubMed: 27955640] 

52. Lipstein EA, Britto MT. Evolution of pediatric chronic disease treatment decisions: a qualitative, 
longitudinal view of Parents’ decision-making process. Med Decis Making. 2015;35(6):703–713. 
[PubMed: 25899248] 

Vidmar et al. Page 10

Pediatr Obes. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



53. Desroches S, Lapointe A, Ratte S, Gravel K, Legare F, Turcotte Interventions to enhance adherence 
to dietary advice for preventing and managing chronic diseases in adults. Cochrane Database Syst 
Rev 2013;28 (2):Cd008722.

54. Skelton JA, Beech BM. Attrition in paediatric weight management: review of the literature and 
new directions. Obes Rev. 2011;12(5): e273–e281. [PubMed: 20880126] 

55. Méndez R, Goto K, Song C, Giampaoli J, Karnik G, Wylie A. Cultural influence on mindful 
eating: traditions and values as experienced by Mexican-American and non-Hispanic white parents 
of elementary-school children. Glob Health Promot. 2019;1757975919878654.27(3):123–134.

56. Beck AL, Iturralde E, Haya-Fisher J, Kim S, Keeton V, Fernandez Barriers and facilitators to 
healthy eating among low-income Latino adolescents. Appetite. 2019;138:215–222. [PubMed: 
30954634] 

57. Reicks M, Davey C, Anderson AK, et al. Frequency of eating alone associated with adolescent 
dietary intake, perceived food-related parenting practices and weight status: cross-sectional family 
life, activity, sun, health, and eating (FLASHE) study results. Pub Health Nutr. 2019; 22(9):1555–
1566. [PubMed: 30813975] 

Vidmar et al. Page 11

Pediatr Obes. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. 
Percent consumption of total calories (kcal/day) on (a) weekday and (b) weekend day
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FIGURE 2. 
Percent consumption of total carbohydrates (grams/day) on (a) weekday and (b) weekend 

day hourly collected from a 24-hours dietary recall
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FIGURE 3. 
Percent consumption of total added sugar (grams/day) on (a) weekday and (b) weekend day 

hourly collected from a 24-hours dietary recall
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TABLE 1

Baseline demographic characteristics

Variable Total (N = 101)

Age, years
a 14.77 ± 2.12

Gender
b

 Male 38 (48%)

 Female 53 (52%)

Parent’s marital status
b

 Single 15 (15%)

 Married 49 (49%)

 Divorced 6 (6%)

 Separated 11 (11%)

 Living together 19 (19%)

 Civil union 1 (1%)

Mother’s education level
b

 Less than eighth grade 30 (30%)

 Finished eighth grade 14 (14%)

 Some high school 6 (6%)

 High school graduate/GED 24 (24%)

 Some college or vocation school 13 (13%)

 College graduate 7 (7%)

 Graduate or professional training 1 (1%)

 Missing 6 (6%)

Father’s education level
b

 Less than eighth grade 26 (26%)

 Finished eighth grade 17 (17%)

 Some high school 14 (14%)

 High school graduate/GED 14 (14%)

 Some college or vocation school 7 (7%)

 College graduate 2 (2%)

 Graduate or professional training -

 Missing 21 (21%)

Household income
b

 <$10 000 12 (12%)

 $10 000–$20 000 18 (18%)

 $20 000–$30 000 17 (17%)

 $30 000–$40 000 8 (8%)

 $40 000–$50 000 2 (2%)

 >$50 000 4 (4%)

 Missing 40 (40%)
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Variable Total (N = 101)

Public insurance

 No 49 (49%)

 Yes 52 (52%)

Food stamps

 No 70 (69%)

 Yes 31 (31%)

 BMI
a 34.19 ± 6.53

 Severe obesity: Class II or III 22 (21%)

 Weight (Kg)
a 90.60 ± 19.83

a
Arithmetic Mean ± SD.

b
n (%).

Pediatr Obes. Author manuscript; available in PMC 2022 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vidmar et al. Page 17

TA
B

L
E

 2

Pe
rc

en
t c

on
su

m
pt

io
n 

of
 to

ta
l c

al
or

ie
s,

 c
ar

bo
hy

dr
at

es
 a

nd
 a

dd
ed

 s
ug

ar
s 

ou
t o

f 
to

ta
l d

ai
ly

 c
al

or
ic

 in
ta

ke

W
ee

kd
ay

W
ee

ke
nd

03
00

–1
05

9
11

00
–1

85
9

19
00

–0
25

9
03

00
–1

05
9

11
00

–1
85

9
19

00
–0

25
9

C
al

or
ie

 in
ta

ke
 (

%
)

 
M

ed
ia

n 
(I

Q
R

)
24

.3
 (

12
.6

, 3
4.

3)
65

.3
5 

(5
1.

9,
 7

9.
4)

11
.3

5 
(0

, 2
6.

2)
30

.8
8 

(1
9.

8,
 4

2.
4)

58
.2

8 
(4

5.
2,

 7
5.

4)
8.

06
 (

0,
 2

5.
4)

To
ta

l c
ar

bo
hy

dr
at

es
 (

%
)

 
M

ed
ia

n 
(I

Q
R

)
25

.9
2 

(1
7.

0,
 3

7.
7)

65
.2

6 
(5

0.
7,

 7
7.

9)
11

.1
4 

(0
, 2

2.
9)

33
.3

3 
(1

9.
8,

 4
4.

3)
56

.5
5 

(4
2.

9,
 7

5.
0)

8.
19

 (
0,

 3
1.

3)

A
dd

ed
 s

ug
ar

 (
%

)

 
M

ed
ia

n 
(I

Q
R

)
29

.3
9 

(2
.6

, 5
0.

4)
59

.0
9 

(3
1.

5,
 9

2.
2)

0 
(0

, 2
4.

3)
14

.9
2 

(1
.3

, 4
6.

7)
67

.2
0 

(3
4.

3,
 9

6.
9)

0 
(0

, 3
0.

5)

Pediatr Obes. Author manuscript; available in PMC 2022 July 01.


	Summary
	INTRODUCTION
	METHODS
	Overall study design and location
	Participant eligibility criteria
	Primary outcomes
	Nutrient data system recall 24 hour dietary recall
	Eating time windows

	Demographics and medical history
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	FIGURE 1
	FIGURE 2
	FIGURE 3
	TABLE 1
	TABLE 2

