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Summary

Background: Food and nutrition security interventions have been demonstrated to

optimize health, prevent and treat chronic diseases among adult populations. Despite

the increasing prevalence and intersection of food insecurity and childhood obesity

in the United States, there are few food and nutrition security interventions targeted

to children and families.

Objectives: The primary purpose of this phase I randomized, crossover trial was to

assess the safety, acceptability and satisfaction of a meal kit delivery program among

children with obesity living in households with food insecurity. Secondarily, we

assessed the feasibility of our study design, recruitment and retention to inform

future larger scale trials.

Methods: We delivered 6weeks of healthy meal kits, which included fresh pre‐por-

tioned ingredients and simple picture‐based recipes (two recipes/week) in English or

Spanish to prepare one‐pot, under 30‐min meals (after preparation ~ 10 serv-

ings/week).

Results: Caregivers received and prepared the meal kits and reported overall satisfac-

tion with the meal kit delivery program.

Conclusion: A meal kit delivery intervention for children with obesity and food inse-

curity is acceptable and a phase I randomized, crossover trial is feasible.
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1 | BACKGROUND

Childhood obesity, defined as body mass index (BMI) ≥95th percentile

for age and sex, is prevalent in over one in five (26.2%) Hispanic chil-

dren and is increasing.1–3 Food security is a critical social determinant

of health,4 and more specifically, nutrition security refers to the access

and availability of foods that promote health, prevent and treat dis-

ease.5 Food insecurity has been associated with increasing weight and

BMI in longitudinal studies of adults.6 Nutrition security interventions,

such as medically tailored meals, have been shown to reduce food

insecurity, improve dietary quality and decrease healthcare utilization

for adults with chronic illnesses.7,8

In contrast, the association between food insecurity and rising

obesity prevalence in children remains understudied. A study among

794 children from low-income households in a pediatric weight man-

agement program observed that food insecurity was associated with a
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less favourable weight trajectory among children with obesity,9 which

suggests that food insecurity may present barriers to optimizing pedi-

atric weight management. The evidence for nutrition security inter-

ventions among children is lacking, and there are few randomized

control trials to support the implementation of nutrition security inter-

ventions in the healthcare setting.

Applying the Obesity-Related Behavioral Intervention Trials

(ORBIT) model, a phase I trial is intended to define basic elements of

an intervention and refine the intervention prior to phase II testing,

where the goal is to produce a clinically significant signal.10 The pri-

mary purpose of the InFoRM phase I study is to assess the basic ele-

ments of the intervention, including safety, acceptability and

satisfaction, of meal kit delivery for children with obesity and food

insecurity. The secondary purpose is to assess feasibility of a random-

ized, crossover trial design, recruitment and retention for future study

phases.

2 | METHODS

2.1 | Study design, setting and participants

We recruited primary care patients at Boston Children's at Martha

Eliot Health Center in Boston, MA (February–March 2023). The target

recruitment sample of 30 dyads was based on the number needed to

reasonably evaluate satisfaction and feasibility in a phase I trial. Chil-

dren met the following inclusion criteria: (1) 6–11.9 years old at base-

line, (2) BMI ≥95th percentile, (3) positive screen on the 2-item

Hunger Vital Sign™,11 (4) household of ≤5 people, (5) English and/or

Spanish-speaking caregiver and (6) address in the greater Boston area

and within the EatWell delivery boundaries (�10 miles from the

health centre). We chose this age range based on scientific rationale

(e.g., obesity prevalence is stratified by age groups 2–5 years, 6–

11 years and 12 and above in longitudinal assessments)1 and the suit-

ability of the intervention for school-aged children. We excluded chil-

dren with a history of (1) food allergies or intolerance to dairy, gluten,

soy or any potential component of the meal kit; (2) malabsorptive

intestinal disease (e.g., celiac or inflammatory bowel disease); (3) type

1 or 2 diabetes; (4) solid tumour or bone marrow transplant or

(5) enteral tube dependence. Children with any of the above condi-

tions may have required special diets that the meal kits could not have

accommodated.

Using the electronic health record, we identified potentially eligi-

ble participants, by age and BMI, scheduled for an upcoming in-person

well-child or urgent care clinic visit. The study team approached par-

ticipants to screen for eligibility using a written questionnaire, then

consented eligible child–caregiver dyads. The study statistician gener-

ated a randomization list using block randomization (block size of

either 4 or 6) to one of two intervention sequences: (A) meal kit inter-

vention followed by newsletter with food assistance resources and

food pantry referral or (B) newsletter and pantry referral (standard of

care) followed by meal kit intervention (Supplement). All procedures

were approved by the Boston Children's Hospital Institutional Review

Board. The study was registered at ClinicalTrials.gov (NCT05586269).

2.2 | Intervention

EatWell Meal Kits (Boston, MA) are developed by a trained chef and

certified health coach (Supplement).12 Families received 6 weeks of

free meal kit delivery. Each meal kit included fresh ingredients and

picture-based recipes (two recipes/week) in English or Spanish to pre-

pare one-pot, under 30-min meals (after preparation �10 serv-

ings/week).

2.3 | Data collection

We conducted a total of three study visits (February–June 2023) at

Martha Eliot Health Center. During the baseline visit, we collected the

following information and assessments: demographics, dietary

history,13 caregiver perceived stress14 and degree of household food

security.15 At each study visit, anthropometrics were collected by

trained clinical or research assistants using standard procedures,

including a stadiometer for standing height and Welch Allyn Scale-

Tronix® scale for weight. Timeline and details about the follow-up

visits and assessments conducted during each visit are outlined in the

study schema (Supplement). Data were recorded in a secure digital

platform (Research Electronic Data Capture).16

2.4 | Analysis

The cohort's baseline demographics are described using means and

standard deviations or proportions. Our primary outcomes included

safety, acceptability and satisfaction. We assessed secondary out-

comes of study feasibility, including recruitment, randomization and

retention. We conducted all analyses using R Studio, version 4.1.0

(Posit Software).

3 | RESULTS

Of 91 children screened for eligibility, we approached 47 children, of

which 35 children met inclusion criteria (Figure 1). We recruited

30 child–caregiver dyads in 1 month (February to March 2023) and

randomized dyads to: (A) immediate meal kit delivery or (B) delayed

delivery. There were 22 (73%) dyads who completed the study (deter-

mined by completion of the satisfaction questionnaire in the final visit)

and 19 (63%) dyads who completed all in-person visits (including

anthropometrics) and surveys. No safety events or discontinuations

occurred.

Among the 30 dyads in our baseline cohort, there were 30 chil-

dren (one pair of siblings) and 29 caregivers (Table 1). Overall,
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50 (85%) participants identified as Hispanic, 13 (43%) children identi-

fied as female and 25 (89%) caregivers were mothers.

We collected satisfaction data from 22 (73%) dyads. Of those

who responded, 21 (95%) caregivers reported overall satisfaction with

the meal kit delivery program. One meal kit per week included two

recipes, and participants received a total of 12 recipes during the

intervention period. Nearly all participants (21, 95.5%) received all

meal kits and prepared at least one recipe; among those that prepared

the recipes, some reported that they prepared 1–2 recipes (6, 28.6%),

3–6 recipes (10, 47.6%) or 7–12 recipes (5, 23.8%). Thirteen (62%)

caregivers were satisfied with the cultural appropriateness of the

meals (i.e., meals met taste preferences of their culture or country).

Twenty-one (95%) children tasted/ate the food from the meal kit and

19 (86%) children reported liking the food. Eight (38%) children helped

prepare a meal.

While we measured additional, exploratory outcomes to ensure

assessments would be feasible in future studies (Supplement), we

were not powered to detect changes in our phase I study. These

results are beyond the scope of this short communication and are not

included.

4 | DISCUSSION

In our study, we found that a meal kit delivery intervention was safe

and acceptable for children with obesity and in households reporting

food insecurity. Nearly every household received all 6 weeks of meal

kit deliveries, most caregivers reported overall satisfaction with the

program, and most children liked the meals they ate/tasted. Regarding

study feasibility, we achieved target sample recruitment in 1 month

and 73% of participants completed the randomized, crossover trial.

This phase I randomized control trial is the first meal kit deliv-

ery intervention focused on children, aged 6–11.9 years, with obe-

sity and living in households with food insecurity. In a non-

randomized trial, Food FARMacia piloted a mobile food pantry

intervention among families (N = 50) with children <6 years old in

New York City, USA; the food security intervention, recruitment

and retention were feasible, with a similar attendance rate >70%

for most participants.17 A meal kit program pilot (N = 36) in Florida,

USA, for African-American families with low incomes found the

program was implementable and acceptable; meal kits were

required to be picked up and utilization ranged from 80.6% to

97.2%.18 In our cohort, 95% of families prepared at least one meal

kit recipe.

Our study findings expand the limited research on meal kit deliv-

ery; additionally, meal kits are acceptable among households with

food insecurity and tasted and liked by children with obesity. Further,

meal kits were generally considered culturally appropriate. As data on

food and nutrition security interventions emerge, comprehensive

evaluations starting with phase I trials will assist the development of

patient-centred and equitable interventions, particularly for vulnerable

populations.

F IGURE 1 Participant flowchart. aCompletion of satisfaction questionnaire in visit 3.
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A limitation of this study was the small sample size, which was

recruited from an urban, pediatric primary care clinic. A phase I design

study is not powered to detect change in behavioural risk factors or

clinical outcomes. As our intervention included �2 meals/week for

6 weeks, future studies warrant an increased intervention dose and

duration to test the impact on dietary quality, household food security

and BMI.

In conclusion, our study demonstrates that families with food

insecurity and a child with obesity were satisfied with a meal kit

delivery intervention. In addition, the study's randomized, cross-

over design, recruitment and retention were feasible. Ongoing

research includes an implementation evaluation and qualitative

interviews among caregivers to understand the barriers and facili-

tators of the intervention, which will refine the intervention for

a phase II trial.

ACKNOWLEDGEMENTS

We thank the staff and participants at Martha Eliot Health Center.

Allison J. Wu conceptualized the study design. Allison J. Wu,

Nisha Dalvie, Erica Di Battista and Arlette Caballero-Gonzalez col-

lected data. Allison J. Wu and Marissa Huggins analysed data. All

authors were involved in writing and had final approval of the

manuscript.

FUNDING INFORMATION

The study was funded by the Nutrition Obesity Research Center at

Harvard Medical School (P30-DK040561). Dr. Allison J. Wu receives

funding from the Boston Children's Hospital Office of Faculty Devel-

opment and the John W. Alden/King Trust. The funders had no role in

the study design, data collection, data analysis, data interpretation or

publication of this manuscript.

CONFLICT OF INTEREST STATEMENT

No conflict of interest was declared.

ORCID

Allison J. Wu https://orcid.org/0000-0002-3162-5439

Marissa Huggins https://orcid.org/0000-0001-8230-7329

REFERENCES

1. Stierman B, Afful J, Carroll M, et al. National Health and Nutrition

Examination Survey 2017–March 2020 Prepandemic Data Files Devel-

opment of Files and Prevalence Estimates for Selected Health Outcomes.

National Center for Health Statistics (U.S.); 2021. doi:10.15620/cdc:

106273

2. Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC growth charts for

the United States: methods and development. Vital Health Stat. 2002;

11(246):1-190.

3. Wu AJ, Aris IM, Hivert MF, et al. Association of changes in obesity

prevalence with the COVID-19 pandemic in youth in Massachusetts.

JAMA Pediatr. 2022;176(2):198-201. doi:10.1001/jamapediatrics.

2021.5095

4. Social Determinants of Health. Healthy People 2030. Accessed April

27, 2022. https://health.gov/healthypeople/priority-areas/social-

determinants-health

5. Thorndike AN, Gardner CD, Kendrick KB, et al. Strengthening US

food policies and programs to promote equity in nutrition security: a

policy statement from the American Heart Association. Circulation.

2022;145(24):e1077-e1093. doi:10.1161/CIR.0000000000001072

TABLE 1 Baseline characteristics of caregiver–child dyads.

Characteristics Mean (SD) or N (%)

Children (n = 30)

Age, years 8.7 (1.8)

Female (%) 13 (43.3%)

Hispanic ethnicitya 26 (89.7%)

Raceb,c

American Indian 2 (6.9%)

Black 13 (44.8%)

Native Hawaiian or Pacific Islander 1 (3.4%)

White 7 (24.1%)

Another 4 (13.8%)

Prefer not to answer 3 (10.3%)

BMI

BMI, kg/m2 25.95 (4.62)

BMI extended z-score 2.3 (0.9)

BMIp95 120.5 (22.4)

Caregivers (n = 29)

Age, years 39.7 (6.4)

Female (%) 25 (89.3%)

Hispanic ethnicitya 24 (85.7%)

Raceb,c

American Indian 2 (7.1%)

Black 11 (39.3%)

Native Hawaiian or Pacific Islander 1 (3.6%)

White 6 (21.4%)

Another 4 (14.3%)

Prefer not to answer 5 (17.9%)

BMI, kg/m2 31.23 (6.16)
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<$20 000 17 (60.7%)

$20 000 < $70 000 5 (17.9%)

>$70 000 2 (7.1%)

Don't know or prefer not to answer 4 (14.3%)

Note: Data presented as mean (SD) or N (%).

Abbreviation: BMI, body mass index.
aParticipants response to ‘Are you/your child of Hispanic, Latino/a, Latinx

or Spanish origin?’.
bParticipants prompted to check all that apply.
cMissing data (n = 1).

4 of 5 WU ET AL.

 20476310, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijpo.13111 by H

arvard U
niversity, W

iley O
nline L

ibrary on [05/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6. Cheung HC, Shen A, Oo S, Tilahun H, Berkowitz S. Food insecurity

and body mass index: a longitudinal mixed methods study, Chelsea,

Massachusetts, 2009–2013. Prev Chronic Dis. 2015;

12(150001):1-13.

7. Berkowitz SA, Terranova J, Randall L, Cranston K, Waters DB, Hsu J.

Association between receipt of a medically tailored meal program and

health care use. JAMA Intern Med. 2019;179(6):786-793. doi:10.

1001/jamainternmed.2019.0198

8. Berkowitz SA, Delahanty LM, Terranova J, et al. Medically tailored

meal delivery for diabetes patients with food insecurity: a randomized

cross-over trial. J Gen Intern Med. 2019;34(3):396-404. doi:10.1007/

s11606-018-4716-z

9. Tester JM, Xiao L, Tinajero-Deck L, Juarez L, Rosas LG. Food insecu-

rity influences weight trajectory in children with obesity. Child Obes.

2022;18(7):437-444. doi:10.1089/chi.2021.0311

10. Czajkowski SM, Powell LH, Adler N, et al. From ideas to efficacy: the

ORBIT model for developing behavioral treatments for chronic dis-

eases. Health Psychol. 2015;34(10):971-982. doi:10.1037/

hea0000161

11. Gattu RK, Paik G, Wang Y, Ray P, Lichenstein R, Black MM. The hun-

ger vital sign identifies household food insecurity among children in

emergency departments and primary care. Children. 2019;6(10):107.

doi:10.3390/children6100107

12. EatWell Meal Kits. Accessed November 2, 2023. https://www.

eatwellmealkits.com/

13. Rifas-Shiman SL, Willett WC, Lobb R, Kotch J, Dart C, Gillman MW.

PrimeScreen, a brief dietary screening tool: reproducibility and com-

parability with both a longer food frequency questionnaire and bio-

markers. Public Health Nutr. 2001;4(2):249-254. doi:10.1079/

PHN200061

14. Baik SH, Fox RS, Mills SD, et al. Reliability and validity of the Per-

ceived Stress Scale-10 in Hispanic Americans with English or Spanish

language preference. J Health Psychol. 2019;24(5):628-639. doi:10.

1177/1359105316684938

15. USDA ERS – survey tools. Accessed November 2, 2023. https://

www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-

the-u-s/survey-tools/#household

16. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.

Research electronic data capture (REDCap)—a metadata-driven meth-

odology and workflow process for providing translational research

informatics support. J Biomed Inform. 2009;42(2):377-381. doi:10.

1016/j.jbi.2008.08.010

17. Woo Baidal JA, Meyer D, Partida I, et al. Feasibility of food FARMacia:

mobile food pantry to reduce household food insecurity in pediatric

primary care. Nutrients. 2022;14(5):1059. doi:10.3390/nu14051059

18. Carman K, Sweeney LH, House LA, Mathews AE, Shelnutt KP.

Acceptability and willingness to pay for a meal kit program for African

American families with low income: a pilot study. Nutrients. 2021;

13(8):2881. doi:10.3390/nu13082881

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Wu AJ, Huggins M, Lin H-TG, et al.

Satisfaction with a meal kit delivery program and feasibility of

a phase I trial in the intervening in food insecurity to reduce

and mitigate (InFoRM) childhood obesity study. Pediatric

Obesity. 2024;e13111. doi:10.1111/ijpo.13111

WU ET AL. 5 of 5

 20476310, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijpo.13111 by H

arvard U
niversity, W

iley O
nline L

ibrary on [05/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


