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A B S T R A C T   

Introduction: The incidence of pediatric prediabetes and type 2 diabetes mellitus (T2DM) is increasing, with those 
from low socioeconomic status (SES) households at increased risk. Dietary fiber (e.g., whole grains) is shown to 
improve glucose control and there is need for innovative strategies that address barriers to consumption (e.g., 
limited availability). 
Methods: Food Overcoming our Diabetes Risk (FoodRx) was a pre-post study (N = 47) that provided 16 weeks of 
home-delivered whole grains, vegetables, and beans/legumes to households of low-income children in [blinded 
for submission] who had obesity and prediabetes. Child liking and intake (24-hour diet recalls) was evaluated. 
Anthropometrics and T2DM-related laboratory measurements (e.g. glycated hemoglobin) were measured for 
children, and for caregivers to evaluate potential spillover effect. 
Results: Post-intervention, children increased liking of whole grains, vegetables, and beans/legumes (P < 0.05 for 
all). Child whole grain intake increased from 1.7 to 2.5 oz-equivalent servings/day (P < 0.001), and the percent 
of total grain intake that were whole increased from 30% to 44% (P < 0.001). Children’s body mass index, blood 
pressure, and serum triglyceride levels increased (+14.6 mg/dl, P = 0.04). Caregivers fasting glucose (-7.5 mg/ 
dl; P = 0.03), fasting insulin (-2.5 μIU/ml, P = 0.0009) and homeostatic model assessment for insulin resistance 
(HOMA-IR) decreased (-0.8, P = 0.01). 
Conclusions: Home deliveries of fiber rich foods improved liking and intake among children at risk for T2DM. 
There was spillover effect on caregivers, who demonstrated improvement in T2DM-related laboratory mea-
surements instead of the children.   

1. Introduction 

The incidence of prediabetes and type 2 diabetes mellitus (T2DM), an 
obesity-related chronic disease, among U.S. children and adolescents is 
growing at an alarming rate, (Mayer-Davis et al., 2017) with those from 
low socioeconomic status (SES) backgrounds at greatest risk. (Nagarajan 
et al., 2017) An analysis of National Health and Nutrition Examination 
Survey (NHANES) 1999–2014 found that the prevalence of prediabetes/ 
diabetes significantly increased from 21.4% to 28.0% among adoles-
cents (12–18 years) from low SES households. (Jackson et al., 2018) 
Insulin resistance, with the compensatory hyper-secretion of insulin 
(even during fasting), is a hallmark of prediabetes and an important link 
to related cardiometabolic risk factors (e.g. central adiposity, elevated 

blood pressure, and abnormalities with serum lipids such as hyper-
triglyceridemia). (Li et al., 2009) Lifestyle interventions in children 
aimed at reducing their risk of obesity-related chronic disease, such as 
diabetes, examine their improvement with respect to these clinical 
markers and estimations of their insulin resistance. (Monzavi et al., 
2006; Brage et al., 2004) 

A fiber-rich diet (e.g., whole grains, vegetables, beans/legumes) is 
associated with decreased risk of developing diet-related chronic disease 
such as T2DM. (Weickert and Pfeiffer, 2008) Unfortunately, the majority 
of U.S. children are not meeting the Dietary Guidelines for Americans 
(DGAs) recommendations. (Thomson et al., 2019) For example, based 
on a 2000 calorie diet, it is recommended that children and adults 
consume 3 oz-equivalents (oz.-eq.) of whole grains/day and that whole 
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grains should account for at least half of total grain intake. (USDHHS 
and USDA., 2015) An analysis of national data from 2005 to 2012 
showed that U.S. adolescents (13–18 years) consumed 0.8 oz.-eq./day of 
whole grains, and adolescents from low SES households ate fewer whole 
grains than their higher SES peers. (Tester et al., 2017) 

The aforementioned disparities underscore the need to reach chil-
dren at risk for T2DM from low SES households and address barriers to 
making and sustaining positive diet behaviors (e.g., a dislike of fiber-rich 
foods and limited neighborhood access of fiber-rich foods). Research 
suggests that while children only modestly like whole grains and vege-
tables, (Burgess-Champoux, 2006; De Wild et al., 2015; Leak et al., 
2019) interventions that repeatedly expose children to the target food 
(s) are shown to improve liking, (Wadhera et al., 2015) and increased 
liking is associated with increases in intake of the target food. (Appleton 
et al., 2018) An additional barrier is the limited access to fiber-rich foods 
in low SES neighborhoods. (Larson et al., 2009) There are increasing 
examples of novel approaches where vegetables grown with community 
supported agriculture (CSA) are prescribed by clinicians to patients at 
risk of diet-sensitive chronic disease, (Joshi et al., 2019; Cavanagh et al., 
2017; Bryce et al., 2017) or delivered to homes in low SES neighbor-
hoods. (Hanson et al., 2017) To our knowledge, there has yet to be an 
intervention where vegetables and whole grains were delivered together 
to households affected by chronic disease risk. 

The overall aim of the current study was to examine the efficacy of 
the 16-week Food Overcoming our Diabetes Risk (FoodRx) feasibility 
study where low SES households that had a child with obesity and 
prediabetes received home deliveries of whole grains (biweekly), and 
vegetables and beans/legumes (weekly). Our hypothesis was that chil-
dren would increase their liking and intake of our primary outcomes of 
interest (whole grains, vegetables, beans/legumes). Additionally, we 
explored pre-post changes in anthropometric and T2DM-related labo-
ratory measures in the children, our primary target of the intervention, 
as well as in their caregivers to examine spillover effect. 

2. Material and methods 

2.1. Participants 

Children (8–17 years) were identified from a patient population 
being seen in a specialty clinic for pediatric obesity (body mass index 
[BMI] ≥ 95th percentile). They were eligible if they had laboratory of 
evidence of prediabetes (fasting glucose 100–125 mg/dL and/or gly-
cated hemoglobin [HbA1c] 5.7–6.4%). (American Diabetes Association, 
2010) The most recent available value within12 months was used; for 
some, it was the elevated laboratory value that had prompted referral to 
our specialty clinic, and for others it was recent laboratory data gathered 
from existing patients. 

A caregiver with whom the child resided at least five days/week, and 
who reported being responsible for at least half of the grocery shopping 
for that household, and could speak either English or Spanish was also 
recruited to participate. Participation was limited to low SES households 
(defined by enrollment in public insurance) located in two specific 
inner-city neighborhoods (defined by zip code) of Oakland and Hay-
ward, California. The study protocol was approved by the Children’s 
Hospital & Research Center Oakland Institutional Research Board. 

2.2. Procedures 

At the baseline study visit, children and caregivers visited the spe-
cialty obesity clinic to provide consent/assent, anthropometric and 
T2DM-related laboratory measurements, survey data, and a diet recall 
(child only). Home deliveries were discussed and caregivers received a 
binder with educational materials and recipes featuring the delivered 
foods. After the visit, two telephone recalls were collected with the child. 

Once baseline data were collected, whole grains, vegetables, and 
beans/legumes were delivered to participant homes for 16 weeks as a 

part of a coordinated effort between a local food bank that provided 
beans/legumes and whole grains, and local CSA farm that provided the 
vegetables weekly. (Fig. 1) Delivery amounts varied by household size 
(~ a half-cup serving of vegetables per person/day): 5.5 lb (2–3 people), 
8.5 lb (4–5 people), or 10.5 lb (6 or more people). Every other week, 
deliveries included either two 15-oz cans or 1 lb of dried beans/legumes 
(lentils, black beans, pinto beans, and kidney beans) and at least 1-oz- 
eq/day of whole grains per person (brown rice, quinoa, barley, whole 
grain pasta, whole grain bread, whole grain cereal, whole grain crackers, 
and whole wheat tortillas). The amount of vegetables, beans/legumes, 
and whole grains provided were broadly selected in an attempt to 
double the typical amount of those foods consumed by US adolescents. 
(Tester et al., 2017; Kimmons et al., 2009) 

Participants were also invited to attend monthly cooking classes held 
by the public health nutrition department in the recruitment zip codes. 
Classes covered three whole grain recipes included in the binder (fried 
brown rice, whole grain pasta with vegetables, and quinoa black bean 
salad). Caregivers were also texted links to: videos of these recipes made 
by the bilingual instructor who led the classes, other available videos 
relevant to delivery contents (e.g., how to roast vegetables), and addi-
tional information (e.g., tips about storing carrots). 

After completion of the intervention, participants visited the 
research clinic to repeat data collection. Households received a $25 gift 
card for each clinic visit. 

2.3. Measures 

2.3.1. Child, caregiver, and household characteristics 
At baseline, caregivers provided sociodemographic (age, gender, 

ethnicity and race) and household-level information: income, number of 
people in the household, participation in the Supplemental Nutrition 
Assistance Program (SNAP), and household food security using the 
USDA 18-item Food Security Module (scored as either food-secure 
[score 0–2] or food-insecure [score 3–18]). (Bickel et al., n.d.) All sur-
vey data was collected using REDCap hosted at [blinded for submission]. 

2.3.2. Child whole grain, vegetable, beans/legume liking 
Children rated their liking of 8 whole grains, 17 vegetables, and 4 

beans/legumes that were included in the deliveries using a 4-point scale 
(never tried, do not like, like a little, and like a lot), which is used in fruit 
and vegetable studies and shown to be effective with children as young 
as fourth grade. (Domel et al., 1993) 

2.3.3. Child diet intake 
Diet intake was measured using three 24-hour diet recalls (pre-post 

intervention), which were entered into the Nutrition Data System for 
Research (NDSR 2015), a diet analysis program developed by the Uni-
versity of Minnesota-Twin Cities (UMN) Nutrition Coordinating Center 
(NCC). A diet recall was conducted in person at both study visits, with 
food models to aid with portion size estimations. Each in-person recall 
was followed by two unannounced telephone recalls within two weeks, 
and NDSR food amounts booklets were given to assist portion estima-
tion. Efforts were made to collect two weekday and one weekend recall. 
Children 8–11 years were the primary respondent with caregiver assis-
tance, and children 12+ years were independent respondents. Study 
staff were trained by a researcher (Dr. Leak, co-author) certified by the 
UMN NCC in using NDSR, and that researcher also led data processing 
(e.g., data cleaning, identification of outliers). In addition to the primary 
measures (whole and refined grains, vegetables and beans/legumes), 
total energy (kcal/day) and total fiber (grams/day) were assessed. 

2.3.4. Child and caregiver anthropometric and blood pressure 
measurements 

At study visits, weight was measured using a digital Tanita scale, 
height using a calibrated stadiometer, and waist circumference (at iliac 
crest to the nearest 0.1 cm) using Gulick tape. Weight and height were 
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used to calculate BMI as well as age- and sex- specific BMI percentiles 
and z-scores using standard methods. (Vidmar et al., 2013) The ratio of 
the waist circumference to height (WHtR; <0.5 is considered normal for 
children and adults of both genders) was used to assess central adiposity. 
(Maffeis et al., 2008) Lastly, blood pressure (diastolic [DBP] and systolic 
[SBP] blood pressure) was measured according to standard protocol. 
(Flynn and Falkner, 2017) Pediatric age-, sex-, and height- specific blood 
pressure percentiles were calculated. (Sorensen and Bruun, 2018) 

2.3.5. Child and caregiver laboratory measurements 
The number of elapsed days between the date of the HbA1c used to 

determine eligibility and the pre-intervention visit was noted for anal-
ysis. At both study visits, fasting (8 + hours) biomarkers of hypergly-
cemia and insulin resistance (i.e., HbA1c, fasting glucose, fasting insulin, 
and Homeostatic Model Assessment of Insulin Resistance [HOMA-IR], 
an index of insulin resistance calculated with glucose and insulin 
(Antuna-Puente et al., 2011) and lipids (total cholesterol [T chol], low- 
density lipoprotein cholesterol [LDL-C], high-density lipoprotein 
cholesterol [HDL-C], non-HDL cholesterol, triglycerides [TG]) were 
measured. Fasting insulin and HOMA-IR were collected for all partici-
pants, but omitted from analysis in the caregivers who were taking in-
sulin for their T2DM. 

2.4. Data analysis 

Descriptive analysis of child, caregiver, and household characteristics 
were conducted and percentages, means and standard deviations were 
reported. Paired t-test was used to compare pre- to post-intervention 
means, reporting p value, and using alpha 0.05 as the level of signifi-
cance. McNemar’s test was used to evaluate the binary/dichotomized 
outcomes (e.g., dichotomized stages of change), reporting the p value of 
the Chi-squared test. Data analysis was conducted using Stata 15. 

3. Results 

3.1. Characteristics 

Children and a caregiver were enrolled in the study between January 
and June 2017 until a total of 60 children were recruited. This target 
number was commensurate to available resources. Between May – 
October 2017, 47 pairs of children and caregivers returned for data 
collection post-intervention, yielding a follow-up rate of 78%. 

Children were 12.9 ± 2.4 years, and the majority were male (53%) 
and Hispanic (61.7%). The mean age for caregivers was 43 ± 9.8 years, 
and the majority were female (96%) with a large percentage not 
employed outside of the home (49%). Households had on average 5.8 ±
2.5 people, with 3.3 ± 1.9 adults and 2.5 ± 1.3 children. The majority of 
households had an annual household income ≤ $30,000 (59%), received 
SNAP benefits (52.5%), and were food-insecure (55%). Child, caregiver, 
and household characteristics are described in Table 1. Participants who 
enrolled but did not complete follow-up did not vary from the final study 
sample with respect to all characteristics noted in Table 1. 

3.2. Changes in child whole Grain, Vegetable, Beans/legume liking 

There were eight whole grains that were included in the deliveries; 
the average percent that had been “ever tried” increased from 65% to 
81% (P < 0.0001) pre-post intervention. The average percent of whole 
grains (out of eight) that were “liked” increased from 59% to 70% (P =
0.0005). Regarding the 17 vegetables included in the deliveries, the 
number of vegetables that children had “ever tried” increased from 66 to 
77% (P < 0.01). Also, the average percent of these vegetables (out of 17) 
that were “liked” increased from 52 to 59% (P = 0.01). Lastly, among the 
4 beans/legumes included in the deliveries, the average percent children 
had “ever tried” increased from 75 to 89%, and the percent that were 
“liked” increased from 60 to 76% (P < 0.05 for both). 

Fig. 1. Deliveries to participant households consisted of weekly deliveries of vegetables from a local farm which were accompanied by whole grain foods delivered 
from the Food Bank to the participating farm. 

Table 1 
Baseline Child, Caregiver, and Household Characteristics (N = 47).  

Children N = 47 Age, mean years (SD) 12.9 (2.4)  
Gender, n (%) 

Male 
Female  

25 (53%) 
22 (47%)  

Race/ethnicity, n (%) 
Non-Hispanic White 
Non-Hispanic Black 
Hispanic 
Asian 
Mixed/other  

0 (0%) 
12 (26%) 
31(66%) 
1 (2%) 
3 (6%) 

Cargivers N = 47 Age, mean years (SD) 43.0 (9.8)  
Gender, n (%) 

Female 
Male  

45 (96%) 
2 (4%)  

Race/ethnicity, n (%) 
Non-Hispanic White 
Non-Hispanic Black 
Hispanic 
Asian 
Mixed/other  

1 (2%) 
11 (24%) 
34 (72%) 
1 (2%) 
0 (0%)  

Employment Status, n (%) 
Not employed outside home 
Employed part-time 
Employed full-time  

23 (49%) 
15 (32%) 
9 (19%) 

Households N = 47 Number of adults, mean (SD) 3.3 (1.9)  
Number of children, mean (SD) 2.5 (1.3)  
Household income, n (%) 

$0 – $15,000 
$15,001-$30,000 
$30,001-$45,000 
$45,001- $60,000 
Decline  

11(24%) 
16 (35%) 
12 (26%) 
2 (4%) 
6 (11%)  

Household use SNAP, n (%) 
Currently 
In the past 
Never  

24 (52%) 
13 (28%) 
9 (20%)  

Household Food Insecurity, n (%) 
Yes 
No  

26 (55%) 
21 (45%)  
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3.3. Changes in child intake of grains, vegetables, and beans/legumes 

All children had at least two reliable diet recalls. The percentage with 
three reliable recalls was 36/47 (76%) and 45/47 (96%) at baseline and 
follow-up, respectively. Changes in grain, vegetable, and bean/legume 
intake are presented in Table 2. Pre-intervention total energy intake was 
1490 ± 500 kcal/day and post-intervention was 1456 ± 550 (p = 0.67). 
Total fiber was 14.4 +/-5.8 g/day at pre-intervention and 15.8 +/-7.7 g 
(P = 0.23) at post-intervention. 

Whole grain consumption increased from 1.7 to 2.5 oz.-eq./day 
(+0.9, SD 1.5, P < 0.001). The proportion of total grains that were whole 
grains increased 30% to 44% (+13%, SD 24%, P = 0.0005). There were 
no changes in total grains (6.1 ± 2.5 oz.-eq./d versus 5.9 ± 2.5 oz.-eq./d, 
P = 0.54) or refined grains (3.6 ± 2.1 versus 4.2 ± 2.2 oz.-eq./d, P =
0.11). Total vegetable intake was 2.3 ± 1.7 servings/day at baseline and 
remained unchanged (2.4 ± 1.5; P = 0.81). Though there were trends 
towards increased dark green vegetables (0.2 ± 0.3 to 0.3 ± 0.6 servings, 
P = 0.11) and increased bean/legume intake (0.3 ± 0.4 to 0.4 ± 0.5 
servings, P = 0.30), these were not statistically significant. 

3.4. Changes in child anthropometric, blood Pressure, and laboratory 
measures 

3.4.1. Anthropometrics and blood pressure 
Weight increased (+2.9 ± 4.0 kg) and also height (+1.3 ± 1.3 cm), 

translating to a BMI increase of + 0.5 mg/kg2 (P < 0.05), though the 
change in BMI z-score (+0.01) was not significant (Table 3). SBP 
increased by 3 ± 1.1 mmHg, and DBP increased by 3.3 ± 8.3 mmHg, 
though the change in respective age-, sex-, and height- specific percen-
tiles for both SBP and DBP were not significant. 

3.4.2. Laboratory measures 
Mean HbA1c that had been used to determine study eligibility was 

5.84% (SD 0.22). By the initial study visit, which was after a median of 
170 days later (inter-quartile range/IQR 93–298 days), mean HbA1c 
was 5.62% (SD 0.20), significantly lower than the eligibility HbA1c, P <
0.001. HbA1c at the post-intervention visit (median interval 126 days, 
IQR 120–140 days), was 5.69% (0.31), suggesting a non-significant pre- 
post trend towards greater HbA1c (+0.1%, P = 0.08). 

Fasting glucose, fasting insulin and HOMA-IR were unchanged be-
tween the two study visits. Though there was a non-significant + 3 mg/ 
dl (SD 15) increase in HDL (P = 0.19), both LDL and non-HDL choles-
terol remained nearly the same. There was a statistically significant 12% 
increase of 14.6 mg/dl in serum triglycerides. 

3.5. Changes in caregiver anthropometric, blood pressure, and laboratory 
measures 

3.5.1. Anthropometrics and blood pressure 
There were no significant anthropometric changes for the caregivers. 

3.5.2. Laboratory measures 
Nineteen caregivers (40%) had evidence of prediabetes on the basis 

of their laboratory testing. Fourteen (29%) had either a known diagnosis 
and/or laboratory evidence of T2DM at baseline, and six were taking 
insulin. Three had a new diagnosis of diabetes as a result of study 
participation. 

There was a significant reduction in fasting glucose (-7.7 mg/dl, P =
0.03) among caregivers, overall. Among all caregivers except those 
taking insulin (N = 41), there was also a significant reduction in fasting 
insulin (-2.6 μIU/ml, P = 0.0009) and in HOMA-IR (-0.8, P = 0.01). 
There were no lipid profile markers that changed by more than 5% 
compared to baseline. 

Table 2 
Changes in Diet Intake of Fiber-rich Foods Among Children (N = 47).   

Baseline (N =
47) 

Post- Intervention(N =
47) 

Paired t- 
test  

Mean ± SD Mean ± SD P value 

Grains (ounce equivalents/day) 
Total grains 5.8 ± 2.5 6.1 ± 2.5  0.54 
Refined grains 4.2 ± 2.2 3.6 ± 2.1  0.11 
Whole grains 1.7 ± 1.0 2.5 ± 1.5  0.0002*  

Vegetables (servings/day) 
Total vegetables 2.3 ± 1.7 2.4 ± 1.5  0.81 
Dark green 

vegetables 
0.2 ± 0.3 0.3 ± 0.6  0.11 

Yellow vegetables 0.2 ± 0.3 0.2 ± 0.3  0.90 
White potatoes 0.1 ± 0.4 0.1 ± 0.3  0.61 
Starchy vegetables 0.1 ± 0.2 0.1 ± 0.2  0.65 
Other vegetables 0.7 ± 0.7 0.7 ± 0.6  0.86  

Beans/Legumes (servings/day) 
Beans/legumes 0.3 ± 0.4 0.4 ± 0.5  0.30      

* indicates statistical significance at p < 0.05. 

Table 3 
Pre- Post Changes in Anthropometrics and Fasting Laboratory Measures for Children and Caregivers (N = 47).   

Children (N = 47) Caregivers (N = 47) Caregivers with T2DM (N = 14) 

Pre Δ (ΔSD) P Pre Δ (ΔSD) P Pre Δ (ΔSD) P 

BMI (kg/m2)  34.4 þ0.53 (1.65)  0.03 34.6 +0.5 (4.4) 0.42 34.7 − 0.2 (1.1) 0.68 
BMI Z  2.34 +0.01 (0.19)  0.66 N/A N/A N/A N/A N/A N/A N/A N/A 
SBP (mmHg)  110.8 þ3.0 (1.1)  0.009 119.5 +1.6 (14.5) 0.44 121 +1.2 (13.7) 0.75 
SBP, %ile  58.5 +9.6 (25.8)  0.09 N/A N/A N/A N/A N/A N/A N/A N/A 
DBP (mmHg)  62.3 þ3.3 (8.3)  0.01 73.5 +1.5 (10.6) 0.34 73.6 +1.6 (8.8) 0.52 
DBP, %ile  49.8 +11.0 (26.4)  0.06 N/A N/A N/A N/A N/A N/A N/A N/A 
WHtR (cm)  0.66 +0.01 (0.09)  0.16 0.69 − 0.03 (0.12) 0.11 0.72 − 0.004 (0.03) 0.64 
Glucose (mg/dl)  90.6 +0.13 (5.4)  0.87 117.3 ¡7.7 (23.1) 0.03 171 − 20.1 (38.2) 0.07 
Insulin (μIU/ml)  31.2 − 1.3 (13.5)  0.51 17.5 ¡2.6 (5.9) 0.009a 17.8 − 1.1 (4.9) 0.53a 

HOMA-IR  7.0 − 0.3 (3.4)  0.56 4.8 ¡0.8 (2.0) 0.01a 7.4 − 1.1 (3.2) 0.38a 

HbA1c, %  5.62 +0.06 (0.24)  0.08 6.7 − 0.2 (0.9) 0.17 9.0 − 0.7 (1.4) 0.07 
Tchol (mg/dl)  158.5 +2.0 (16.4)  0.39 183.6 − 4.3 (30.6) 0.35 201 − 16.9 (38.4) 0.12 
HDL-C (mg/dl)  43.2 +3.0 (15.3)  0.19 51.2 − 0.7 (6.3) 0.47 46 − 1.6 (4.4) 0.20 
LDL-C (mg/dl)  90.7 +0.4 (17.6)  0.88 107.2 − 1.8 (26.1) 0.65 122 − 12 (34) 0.20 
Non-HDL (mg/dl)  115.3 − 0.9 (21.3)  0.77 132.4 − 3.6 (30.0) 0.42 154 − 15 (37.9) 0.15 
TG (mg/dl)  117.1 þ14.6 (46.6)  0.04 120.0 +5.8 (35.8) 0.27 141 +2.7 (24.3) 0.68  

a Insulin and HOMA-IR not evaluated in the 6 caregivers who were taking insulin for their T2DM. 
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The subgroup of caregivers with T2DM (N = 14) was also evaluated. 
Though they did not change their weight status (mean BMI was 34.7 kg/ 
cm2 at baseline), changes in fasting glucose (-20.1 mg/dl) and HbA1c 
(-0.7%) were of greater magnitude than for the overall group, though not 
significant in this small number of individuals (P = 0.07 for both). For 
context, a change of at least 0.5% in HbA1c is considered clinically sig-
nificant. (Little and Rohlfing, 2013) Furthermore, there were roughly 10% 
decreases in LDL-cholesterol (-12 mg/dl) and non-HDL cholesterol (-15 
mg/dl), though these changes were not significant (P > 0.05 for both). 

3.5.3. Engagement with the intervention 
At follow-up, 45/47 (96%) of caregivers reported that they still had 

the binder given to them at the start of the study. A majority (28/47, or 
60%) reported that they had prepared included recipes; the most 
commonly endorsed primary reason for not preparing recipes was 
thinking that their ‘family would not like the recipes.’ The cooking 
classes were sparsely attended; only 4 individuals attended a single 
class. The most commonly endorsed barrier was ‘I did not have time to 
attend any classes’ (35%). Text messages were sent to all 47 partici-
pants, and 45 (96%) reported that they received them. Nearly half (21/ 
47, or 45%) reported that ‘they or someone in their household watched’ 
any of the online videos texted to them, and 14/47 (30%) of caregivers 
reported that ‘they or anyone in the household prepared a food based on 
something learned from a video’ texted to them. 

4. Discussion 

There is a need for innovative strategies to address inadequate con-
sumption of fiber-rich foods, particularly in populations vulnerable to 
diet-sensitive chronic disease such as T2DM. Identifying households 
through the child (rather than the adult) employs a “two for one” 
approach identifying individuals who often share dietary habits and 
takes advantage of the higher motivation caregivers often have 
regarding their child’s health. Though recruitment was oriented around 
children with evidence of prediabetes, a majority (72%) of the care-
givers had prediabetes or T2DM themselves. 

Though they were not the primary target of the study, the caregivers 
demonstrated a spillover effect of the intervention, with positive changes 
with respect to their T2DM-related laboratory measurements. As a group 
these caregivers improved their fasting glucose and had lower fasting 
insulin and HOMA-IR. Though the decrease in HbA1c in the caregivers 
with T2DM was not significant, the magnitude was clinically meaningful, 
(Little and Rohlfing, 2013) and comparable to that reported in a produce 
food prescription program in low-income adults with diabetes. (Bryce 
et al., 2017) Though not significant, total LDL-cholesterol and non-HDL 
were lower by roughly 10% in the caregivers with T2DM; consumption 
of fiber-rich foods is known to reduce serum lipids, (Glore et al., 1994) 
which is particularly important in people with T2DM given the excess 
risk of cardiovascular disease. (Association and Management, 2004) 

Whole grain consumption increased in the children and nearly reached 
the recommended USDA target. However, while weekly exposure led to 
an increase in the number of vegetables and beans/legumes that these 
children had ever tried and the number that they reported ‘liking’, there 
was ultimately no observed change in consumption. A cooking skills 
intervention with children (9–12 years) also demonstrated an increase in 
the number of vegetables that children had tried (with a paradoxical 
decrease in their liking) but similarly no change in total vegetable intake. 
(Overcash et al., 2019) It may be that the strategies required to stimulate 
increased consumption are different for vegetables than whole grain 
consumption. Some grains such as pasta are generally familiar to children, 
and though they require substituting a familiar food with a whole grain 
version, there is less need for novel food preparation skills. Notably, while 
“more is better” is true for vegetable consumption, it not true for whole 
grains; refined grains must be reduced. (USDHHS and USDA., 2015) 

Though there is evidence that children with a higher level of whole 
grain consumption have lower fasting insulin, (Damsgaard et al., 2017) 

increasing whole grains did not correspond to an improvement in fasting 
insulin levels or HOMA-IR in this sample. Baseline HbA1c was already in 
fact significantly lower than the HbA1c used to determine eligibility, 
pointing to interval improvement in HbA1c that preceded study 
enrollment (possibly due to rapid lifestyle change after diagnosis of 
prediabetes by their pediatrician). Furthermore, some cardiometabolic 
risk factor parameters (e.g. serum triglycerides) worsened post- 
intervention. It is well-known that carbohydrate load (from both 
whole and refined grains) contributes to hypertriglyceridemia, (Farqu-
har et al., 1966) and future studies should explore the balance of refined 
and whole grains closely, assuring sufficient power to assess for small 
changes in total and refined grains as well. 

Overall limitations of this study include its small sample size, the lack 
of a control group, and the lack of liking and diet data from caregivers. 
Because this sample was a treatment-seeking population recruited from 
a clinic, it is possible that social desirability bias impacted self-reported 
data. The short duration limits comment on the long-term efficacy of the 
intervention. Given that the child was the target participant, and due to 
limited resources, we did not collect diet recall data from caregivers; it is 
possible that the caregivers improved more than the children because 
they consumed a larger share of the vegetables provided. It is also 
possible that the caregivers displaced a greater proportion of their 
refined grains, leading to greater net benefit from increased whole grain 
consumption. There are many reasons that access and exposure to 
nutrient-dense foods is limited. However, children’s dietary preferences 
often differ from those of their parents, and it is plausible that an 
intervention increasing access to healthy foods in the home will have 
differential impact on family members, highlighting the value of mea-
surement of dietary intake in multiple members of a household. Further 
experimental study after this feasibility study is warranted, with a larger 
sample size, control comparison, and inclusion of diet recall data from 
caregivers and/or other household members. 

5. Conclusions 

In summary, this feasibility study showed that home-delivered veg-
etables, beans/legumes, and whole grains were liked by children and 
resulted in increases in whole grain intake. However, while the sample 
was identified and enrolled because of evidence of prediabetes in the 
child, it was the caregivers who demonstrated improvement in T2DM- 
related laboratory measurements. More research is needed to more 
fully explore the potential of this intervention modality to improve 
T2DM risk in low SES households. 
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