
Improved Time in Range During 28 Days of Meal Delivery
for People With Type 2 Diabetes
Callahan N. Clark,1 Brian B. Hart,1 Chace K. McNeil,1 Jessyca M. Duerr,1 and Grant B. Weller1,2
1Optum Labs, Minnetonka, MN; 2Level2, Minnetonka, MN

OBJECTIVE | Nutrition therapy is a cornerstone of care for people with type 2 diabetes, yet starting new, healthy eating
behaviors and sustaining them can be challenging. This decentralized, single-arm study assessed the impact of 28
days of home-delivered, pre-portioned meals (three meals per day) on continuous glucose monitoring (CGM)-derived
glycemic control and quality of life.

RESEARCH DESIGN AND METHODS | We enrolled 154 people with type 2 diabetes from across the United States. All partici-
pants were enrolled in a digital-first type 2 diabetes care center of excellence and had a time in range (TIR)<70% or a
glucose management index (GMI) >7%. A total of 102 participants received another set of meals for a household
member. Forty-four participants were excluded from CGM-based analysis because of sparse data in the baseline or
intervention period.

RESULTS | From the baseline through the intervention period, average TIR improved by 6.8% (95% CI 4.0–9.7,
P <0.001), average GMI improved by 0.21% (95% CI 0.11–0.32, P <0.001), and participants’ odds of achieving
$70% TIR increased (odds ratio 2.55 [95% CI 0.93–7.80, P = 0.051]). Although average TIR increased rapidly upon
initiation of meal delivery, it regressed when the delivery period ended.

CONCLUSION | Home-delivered meals were associated with modest TIR and GMI improvements, but only in the short
term. More research is needed to determine whether the effects of nutrition therapy can be extended by providing
ongoing meal delivery or additional support such as behavioral intervention.

Nutrition therapy is a cornerstone of care for people with
type 2 diabetes (1). Although it is important to personalize
meal plans, there are common features across diabetes-
friendly plans, including a preference for nonstarchy over
starchy vegetables, minimized added sugars and refined
grains, the choice of whole foods over highly processed
foods, and a reduction in overall carbohydrate intake (2).
Evidence supports a broad spectrum of nutritional strate-
gies ranging from modest to intensive changes to success-
fully reduce glucose for people with type 2 diabetes (3) or
even induce diabetes remission (4,5). Despite this variety
of effective options, sustaining diabetes self-management
strategies in the long term can be challenging (6).

Meal delivery is one promising strategy to reduce the friction
of implementing and maintaining new eating behaviors for
people with type 2 diabetes. Meal delivery involves delivering
pre-portioned meals or ready-to-cook ingredients directly to
people’s homes. Meal delivery companies usually focus on

direct-to-consumer markets and often emphasize the conve-
nience to the consumer rather than the ability to affect
clinical outcomes. Although meal delivery is a growing com-
mercial market, the application of this idea itself is not new;
supporting people through home-delivered meals has existed
in the United States since the 1950s, when the program now
known as Meals onWheels originated (7). In 2017, the Centers
for Medicare & Medicaid Services included meal delivery on
a limited basis as an allowed supplemental benefit for Medi-
care Advantage plans, and, starting in 2020, Medicare Advan-
tage plans have been able to offer meals beyond a limited
basis to members with one or more chronic conditions as so-
called special supplemental benefits for the chronically ill.
Several third-party payers now cover limited durations of
home-delivered meals for select Medicare Advantage enroll-
ees who meet facility discharge criteria (hospital or skilled
nursing facility) or who have multiple chronic conditions
(e.g., heart failure and end-stage renal disease) (8,9).
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Home-delivered meals are not the only unique care
model for improving access to healthy foods; others
include food pharmacies (10) and fresh vegetable pre-
scriptions (11).

To date, research of meal delivery has generally been heter-
ogenous in population, duration, and outcome, focusing pre-
dominantly on providing meals to vulnerable groups such
as older adults (12,13), people experiencing food insecurity
(14), those at risk for hospital readmissions or procedure
complications (15,16), and those with multiple chronic condi-
tions or complex comorbidities (17,18). Few research studies
have explored meal delivery as a strategy for implementing
healthy eating habits to improve outcomes for people with
type 2 diabetes.We designed our study to better understand
this potential by providing 28 days of home-delivered meals
to people with type 2 diabetes, hypothesizing that provision
of portion-controlled meals would reduce calorie and carbo-
hydrate intake from baseline, leading to improved diabetes
outcomes. Because food habits are often intertwined with
cultural and social behaviors, we also gave participants the
option of including a household member as a meal recipient
as a strategy to increase engagement and adherence. To our
knowledge, this is the first study assessing the impact of
short-term meal delivery on quality of life and continuous
glucose monitoring (CGM)-derived time in range (TIR) out-
comes among people with type 2 diabetes.

Research Design and Methods

Study Design and Population

This was a decentralized, single-arm, prospective study of 4
weeks’ duration, ranging from June to September 2020.
Participants were recruited from a population of people
with type 2 diabetes from across the United States who
were already enrolled in Level2, a digital-first type 2 diabe-
tes care center of excellence (19). Level2 is an optional pro-
gram offered to people with type 2 diabetes who are $18
years of age, meet certain clinical eligibility requirements,
and have an insurance plan participating in Level2. Partici-
pants have the opportunity to wear a CGM sensor and/or
fitness tracker, engage virtually with coaches and/or clini-
cians, and receive personalized activity recommendations
to help manage diabetes.

Inclusion criteria for study participants included: cur-
rently wearing a CGM sensor, having at least 7 days of
CGM data available during the eligibility period, and hav-
ing an eligibility-period TIR <70% or a glucose manage-
ment indicator (GMI) >7%. The study team contacted
those eligible and offered them 4 weeks of home-deliv-
ered meals at no cost and an additional 4 weeks of meals

for a household member. The study team screened inter-
ested participants and excluded those who self-reported
any of the following: household size of more than two
people, pregnancy, disinterest in wearing a CGM sensor
for 4 weeks more, inability to receive meals at the same
address for 4 weeks, or lack of access to a microwave or
conventional oven to heat the meals.

As part of the enrollment call, all participants completed a
brief telephone survey to assess their self-reported quality of
life and diabetes self-care habits. Upon conclusion of the 4
weeks of meal delivery, participants completed (by phone or
e-mail) a post-study survey that contained a psychosocial
assessment, including the quality-of-life questions asked at
enrollment, as well as measured opinions of the meal delivery
program and a question on average weekly meal adherence.

This study was reviewed and approved by the UnitedHealth
Group (UHG) Office of Human Research Affairs (OHRA) as
minimal risk (UHG OHRA certificate of action #2020-0049).
Subsequent review and approval for the publication of
de-identified data were granted (UHG OHRA certificate of
action #2020-0049-06). Per the protocol, anyone on short- or
rapid-acting insulin was to be excluded from outreach; how-
ever, 25 people were ultimately enrolled despite an insur-
ance claim for a prescription fill of a rapid- or short-acting
insulin in the first 6 months of 2020 (UHG OHRA issues
report #2020-0049). This deviation was reviewed by the
UHG OHRA, which determined that no participants were
placed at increased risk, and their data were subsequently
included in the final analysis.

Intervention

Study participants received 21 home-delivered meals per
week for 4 weeks, along with an additional 21 meals per
week for those living with a household member who opted
into the meals. The 4-week duration was selected as a mini-
mum reasonable window to detect a clinically significant
change in glucose and quality-of-life measures. The quantity
was selected to account for participants’ total food intake
during the 4 weeks; although participants were encouraged
to exclusively eat the food provided in the study, full adher-
ence was not a study requirement. The commercially avail-
able meals were packaged, prepared, refrigerated, and
delivered by a meal-delivery vendor (Mom’s Meals, Pur-
Foods, LLC, Ankeny, IA). Participants were able to select the
meals they wanted from the vendor’s diabetes-friendly
menu, which had 17 meal options averaging <500 calories
per meal (<1,500 calories/day) and <75 g carbohydrate per
meal when including the provided snacks. Notably, this
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calorie level represents a calorie restriction from most peo-
ple’s typical daily intake and can reduce weight.

Composition of the meals was predominantly medium–

to high–glycemic-index ingredients and represented an
“American comfort food” style. The average macronutrient
balance per meal was 68 g carbohydrate, 20 g protein, and 15
g fat. Example meals include homestyle meatloaf with herb
pasta, mixed vegetables, and whole-wheat bread (555 calories,
67 g carbohydrate, 9 g fiber, 16 g sugar, 27 g protein, and 20 g
fat) and beef taco filling with cheese, rice, and corn tortillas
(447 calories, 65 g carbohydrate, 6 g fiber, 6 g sugar, 21 g pro-
tein, and 13 g fat). The vendor’s current seasonal menu
describing the types of diabetes-friendly meals available for
selection is publicly available online (20). Meals could be
heated in a microwave or conventional oven and often con-
tained a snack (e.g., bread, gelatin, or string cheese) and
sometimes fruit juice. Participants wore CGM sensors (Dex-
com G6, Dexcom, Inc., San Diego, CA), which take glucose
readings every 5 minutes; these were worn throughout the
28-day meal-delivery period as part of ongoing participation
in the Level2 program.

Outcomes

The primary outcomes specified in the protocol were
change in patient-reported measures of quality of life,
which came from pre- and post-study participant surveys.
However, the primary concern of this analysis was change
in the CGM-derived TIR metrics, a prespecified explor-
atory end point for which the study was adequately pow-
ered. Per the protocol, the study needed 73 participants to
detect a five-point change in TIR with 80% power and a
two-sided significance level of 0.05. Because a 10% change
in TIR has been associated with a 0.8% change in A1C, a
5% TIR change was selected to serve as a clinically mean-
ingful magnitude of change that may be reasonably
obtained in 28 days (21). The study was not powered or
designed to measure changes in medication regimen dur-
ing the intervention.

CGM metrics of interest included:

� TIR, the percentage of observed CGM readings between
70 and 180 mg/dL

� GMI, an estimate of A1C as calculated from CGM data
� Time above range (TAR)-1, the percentage of observed
CGM readings >180 mg/dL

� TAR2, the percentage of observed CGM readings
>250 mg/dL

� Time below range (TBR)-1, the percentage of observed
CGM readings <70 mg/dL

� TBR2, the percentage of observed CGM readings <54
mg/dL

� Glycemic variability (GV), the coefficient of variation
of observed CGM readings

� Percentage of participants achieving and maintaining a
TIR $70% or a GMI #7% (22).

The study team defined three periods of interest: eligibil-
ity, baseline, and intervention. The observed GMI and
TIR from the eligibility period (26 May through 25 June
2021) determined whether a person was eligible for the
study. The study’s baseline period extended from 26 June
until the first meal delivery arrived at a participant’s
home. The intervention period was the 28-day period after
the initial meal delivery. The primary outcomes of interest
were the changes from the baseline period through the
intervention period for each of the CGM metrics listed
above. Per the inclusion criteria specified a priori in the
research protocol, a participant’s CGM data were only
included in the final analysis if they had at least 7 days of
CGM data in the baseline period and at least 20 days of
CGM data in the intervention period (23). The analysis
consisted of two-sample paired t tests and Fisher exact
tests to measure the impact of the meal delivery program
by comparing the baseline and intervention periods.

Synthetic Control

Given the backdrop of the coronavirus disease 2019 (COVID-
19) pandemic, the study team created a post-hoc synthetic
control group from the original eligibility list of 357 Level2
members who had declined to participate (2%), were not
reached (44%), or were ineligible at screening (10%). The pur-
pose of this synthetic control group was to adjust for any
pandemic-related confounders that may have affected inter-
pretation of any change from baseline TIR. Because the con-
trol group did not have an index date (i.e., first day of
delivered meals), each control group member was matched to
a study participant based on eligibility period TIR to define
the three study periods; once matched, control group mem-
bers were assigned the same index date as their matched
counterpart.

Results

On the date that eligibility for the study was determined,
4,511 Level2 members were screened for eligibility based
on CGM metrics; 357 members met the initial inclusion
criteria. A total of 154 participants enrolled in the meal
delivery study (77.8% of all successfully contacted people).
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The remaining 203 individuals comprised the synthetic
control group. Enrollment flow is depicted in Figure 1.

Table 1 summarizes study participants and the synthetic con-
trol group based on whether they had sufficient data to be
included in the CGM analyses. Compared with members of
the synthetic control group, a higher percentage of interven-
tion participants (i.e., those receiving meal delivery) had suffi-
cient CGM data. Although the synthetic control group was
not randomized or matched to the study participants on any-
thing other than eligibility period TIR, the two groups had
similar demographic profiles, as seen in Table 1. This table
also provides the percentage of intervention participants who
reported eating an average of 4 or more nonadherent meals
per week (�16%), recorded at the end of the meal delivery
period.

Table 2 shows the changes in CGM metrics from the base-
line through the intervention period for the intervention
and control groups, along with the difference in differ-
ences between the two groups. The P value for the treat-
ment group reflects the unadjusted pre-study to post-
study analysis, whereas the difference in differences P is
adjusted based on the synthetic control group to account
for population changes over time. Compared with their
baseline data, the intervention group saw significant
improvements in TIR (56.1 vs. 62.9%, P <0.001), TAR (43.5
vs. 36.7%, P <0.001), and GMI (7.67 vs. 7.45%, P <0.001).
This improvement remained true after adjusting to account
for the synthetic control group (control group baseline and
intervention averages with differences in differences P value:
TIR [61.5 vs. 61.9%, P = 0.003], TAR [38.2 vs. 37.9%, P = 0.004],
GMI [7.49 vs. 7.46%, P = 0.025]). Of participants whose TIR
was <70% in the baseline period, more were able to achieve
a TIR $70% during the intervention period compared with
the control group (26.0 vs. 12.1%, P = 0.051). Of those who
already had TIR$70% at baseline, more were able to main-
tain a TIR $70% during the intervention period compared
with the control group (94.6 vs. 66.7%, P = 0.002).

Figure 2 shows a Loess fit to the average daily CGM met-
rics for both the intervention and control groups. Sharp
improvements in average TIR, GMI, and TAR are evident
immediately upon initiation of meal delivery in the inter-
vention group. Although there is no such change in the
control group, their CGM metrics tended to improve over
the course of the baseline period, whereas the interven-
tion group’s CGM metrics did not. Some improvement in
this period was expected from regression to the mean
after enforcing GMI >7% or TIR <70% in the eligibility
period. Additionally, although the intervention group
experienced a sharp improvement in average glucose lev-
els at the start of meal delivery, the effect diminished over
the course of the 28-day study and continued to diminish
after meal delivery stopped, dropping from an average
TIR of 62.9% in the intervention period to 58.8% in the 14
days after the intervention period. Participants who also
had meals delivered for a household member tended to
have higher average TIR in the baseline period than those
who did not (58.3 vs. 52.1%), but both groups saw similar
increases in average TIR during the intervention period
(6.4 vs. 7.6%).

Table 2 summarizes results from the four quality-of-life
questions on the pre- and post-study surveys (24). To
allow for a fairer evaluation of the impact of meal deliv-
ery, the pre-study survey results are shown only for those
who completed a post-study survey. Participants tended to
be more satisfied with their health after completing the
study, but they reported no detectable change in feelings
about their sleep satisfaction, support, and energy.

Discussion

This work adds to a growing body of evidence for meal
delivery and other novel nutrition-focused care models as
promising strategies for improving outcomes for people
with conditions such as type 2 diabetes. Our study
observed a similar glycemic effect size to other meal-

FIGURE 1 Enrollment flow diagram.
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based intervention research among people with or at risk
for type 2 diabetes (11); the effect size also generally aligns
with the lower bound of observed A1C reductions for
short courses (12 weeks) of low-dose, glucose-lowering
pharmacologic agents (25). The study also demonstrates a
lack of durable clinical benefit after the end of the meal-

delivery period, similar to patterns observed in studies of
vegetable prescriptions among people with obesity (26) or
those seen in crossover studies that discontinue glucose-
lowering drugs absent complementary longitudinal life-
style changes (27). Notably, the provided meals were simi-
lar to American “comfort foods” and were relatively

TABLE 1 Characteristics of the Study Population by Group

Meal Delivery Group Synthetic Control Group

Total
(n = 154)

With Sufficient CGM Data*
(n = 110)

Total
(n = 203)

With Sufficient CGM Data*
(n = 100)

Sex†
Female
Male

83 (53.9)
71 (46.1)

57 (51.8)
53 (48.2)

90 (44.3)
111 (54.7)

47 (47.0)
52 (52.0)

Age range, years
18–35
36–45
46–55
56–65
$66

7 (4.5)
15 (9.7)
46 (29.9)
77 (50.0)
9 (5.8)

3 (2.7)
10 (9.1)
31 (28.2)
60 (54.5)
6 (5.5)

4 (2.0)
20 (9.9)
76 (37.4)
92 (45.3)
11 (5.4)

2 (2.0)
9 (9.0)

37 (37.0)
47 (47.0)
5 (5.0)

Census region†
South
Midwest
Other‡

73 (47.4)
53 (34.4)
28 (18.1)

50 (45.5)
39 (35.5)
21 (19.0)

101 (49.8)
72 (35.5)
28 (13.8)

50 (50.0)
34 (34.0)
15 (15.0)

Diabetes drugs by class
Biguanide
Sulfonylurea
SGLT-2 inhibitor
GLP-1 receptor agonist
DPP-4 inhibitor
Long- or intermediate-acting insulin
Short- or rapid-acting insulin
Any insulin or secretagogues§

89 (57.8)
32 (20.8)
32 (20.8)
43 (27.9)
15 (9.7)
43 (27.9)
25 (16.2)
66 (44.2)

65 (59.1)
20 (18.2)
22 (20.0)
28 (25.5)
12 (10.9)
33 (30.0)
22 (20.0)
50 (45.4)

113 (55.7)
56 (27.6)
54 (26.6)
50 (24.6)
23 (11.3)
55 (27.1)
28 (13.8)
100 (49.3)

56 (56.0)
22 (22.0)
30 (30.0)
27 (27.0)
14 (14.0)
31 (31.0)
20 (20.0)
51 (51.0)

Diabetes drug classes, n
0
1
2
3
$4

39 (25.3)
26 (16.9)
32 (20.8)
38 (24.7)
19 (12.3)

26 (23.6)
21 (19.1)
21 (19.1)
28 (25.5)
14 (12.7)

51 (25.1)
27 (13.3)
44 (21.7)
50 (24.6)
31 (15.3)

25 (25.0)
8 (8.0)

21 (21.0)
28 (28.0)
18 (18.0)

Household participation 102 (66.2) 71 (64.5) — —

Study completionjj 135 (87.7) 101 (91.8) — —

Study adherence¶
<4 Nonadherent meals/week
$4 Nonadherent meals/week
Missing

68 (44.2)
25 (16.2)
61 (39.6)

47 (42.7)
17 (15.5)
46 (41.8)

—

—

—

—

—

—

Age, years 55.1 ± 9.1 55.9 ± 8.6 54.8 ± 7.7 55.2 ± 7.5

TIR, %
Eligibility period
Baseline period

53.7 ± 23.1
53.6 ± 24.1

56.6 ± 21.7
56.1 ± 22.7

54.5 ± 23.3
58.9 ± 22.9

58.9 ± 20.3
61.5 ± 20.4

GMI, %
Eligibility period
Baseline period

7.77 ± 0.92
7.77 ± 0.96

7.64 ± 0.77
7.67 ± 0.84

7.70 ± 0.76
7.57 ± 0.76

7.58 ± 0.72
7.49 ± 0.68

Data are n (%) or mean ± SD. *At least 7 days of CGM data in the baseline period and at least 20 days of CGM data in the intervention period.
†The Synthetic Control Group gender and region columns do not sum to 100% due to unknown gender and region for two individuals in the Total
and one individual in the Sufficient CGM Data group. ‡Other included West and Northeast and was reported in aggregate to abide by Centers for
Medicare and Medicaid Services cell suppression policies for values <11. §Defined as any sulfonylurea or long-, intermediate-, short-, or rapid-act-
ing insulin. jjDefined as having all 4 weeks of meals successfully delivered. ¶As self-reported by participants. Threshold of four meals per week was
prespecified. DPP-4, dipeptidyl peptidase 4; GLP-1, glucagon like peptide 1; SGLT-2, sodium–glucose cotransporter 2.
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modest in their calorie and carbohydrate reduction. That
they were still associated with glycemic improvements
suggests an opportunity to achieve a more substantial
clinical effect size with alternative meal profiles such as
those with fewer grams of carbohydrate per meal. Addi-
tionally, this intervention was focused largely on the
delivery mechanism of meals shipped directly to homes,
and the addition of nutrition education, particularly
individualized medical nutrition therapy with a regis-
tered dietitian nutritionist, may provide another oppor-
tunity to increase or lengthen the duration of the
glycemic improvements (28).

This study is unique both in its option for participants to
include a household member as a recipient of meals and by
its virtual delivery across a decentralized population in the
United States, such that participants were able to engage in
the study without traveling for laboratory testing or food
pick-up. Strengths of this study include the use of real-time
CGM throughout the eligibility, baseline, and intervention
periods, which provided a granular view of the impact
of meal delivery on glycemic outcomes; the a priori
enrollment targets to ensure adequate power to detect a
clinically relevant five-point TIR change; and the het-
erogeneous range of type 2 diabetes treatment trajecto-
ries, as evidenced by the diverse use of diabetes drug
classes among participants.

However, this study should be interpreted in light of
several limitations. First, although we built a synthetic
control group to validate the single-arm findings, this
was not a randomized, controlled trial; thus, our ability
to make causal statements about the role of home-deliv-
ered meals on outcomes is limited.

Second, the synthetic control group was not matched to
the treatment group on clinical or demographic features
beyond eligibility-period TIR and therefore was not able to
account for the selection bias present in the treatment
group. Notably, the control group saw a regression to the
mean in TIR, TAR, and GMI in the baseline period that
did not occur in the treatment group. One potential expla-
nation for this difference is that opting into the study was a
surrogate for additional participant factors contributing to
worse baseline CGM metrics (e.g., social determinants of
health factors such as food insecurity), although the
authors cannot confirm this hypothesis with the available
data. Regardless of the cause, the group differences raise
further questions about selection bias and the generaliz-
ability of the results to a broader population.

Third, this intervention occurred during the COVID-19
pandemic, when many people’s daily routines—including
eating and physical activities—were altered (29); the syn-
thetic control group was designed, in part, to account for

FIGURE 2 Loess fits to the daily group average CGM metrics over time, comparing those in the intervention group (N = 110) and the
synthetic control group (N = 100) with sufficient CGM data by TIR (A), GMI (B), TAR1 (C), TAR2 (D), TBR1 (E), TBR2 (F), GV (G),
and person-days of CGM (H). Plots represent the eligibility/baseline periods (study days �60 to 0), intervention period (study days
0–30), and post-intervention period (study days 30–60).
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any population-wide temporal effects caused by the
pandemic.

Fourth, this study was limited to households with one or
two members, which may not be representative of a broader
population of people with type 2 diabetes. Additionally, all
study meals, which retail for $7–8 each (30), were provided
at no cost to participants or their household member. Simi-
lar interventions requiring participant out-of-pocket cost for
meals may limit uptake, adherence, or persistence.

Finally, this study was conducted alongside ongoing partici-
pation in a digital-first type 2 diabetes care center of excel-
lence and included individuals already engaging in their care
by regularly wearing a CGM sensor, which may have biased
the results toward an engaged subset of insured adults with
type 2 diabetes and may not be generalizable to other groups.

This study presents an opportunity to explore how pair-
ing meal delivery with behavior change interventions
could capitalize on the short-term clinical benefits seen in
this study and extend those benefits beyond the delivery
period by teaching participants sustainable skills. Addi-
tional research is also needed to understand the optimal
cost-effective “dose” of meal delivery (e.g., number of
meals per day or week, continuous vs. intermittent deliv-
ery, cost-sharing strategies, and so forth) and the ways in
which engaging household members or family units
might affect the effect size and post-intervention duration
of improved outcomes conferred by meal delivery.

Conclusion

In summary, providing 28 days of home-delivered meals was
associated with short-term improvements in TIR, GMI, and
TAR among people with type 2 diabetes enrolled in a digital-
first type 2 diabetes care center of excellence. These positive
effects emerged quickly upon initiation of meals but dimin-
ished over time and upon completion of the study, suggesting
that participants were not able to maintain their improved
glycemic control without the meals and that the meals alone
were not sufficient to alter participants’ longer-term eating
behaviors. While this research demonstrates the utility of
meal delivery interventions for short-term improvements in
glycemic control, more research is needed to understand how
to pair meal delivery to the right behavioral support such that
the benefits can persist beyond the duration of the deliveries.
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