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Abstract: Background/Objectives: Adherence to pediatric obesity treatment can be challenging.
Monetary incentives improve adherence to lifestyle interventions, with incentives framed as loss often
more effective than those framed as gain. The objectives of this study were to determine if monetary
incentives in the form of gift cards would improve adherence to an obesity treatment intervention and
whether framing the incentive as either loss or gain affected adherence. Methods: Sixty adolescents
with obesity (body mass index of ≥95th percentile for age and sex) were recruited from our pediatric
obesity treatment program. They were randomized into one of three groups and given a monthly
adherence score (AS) of up to 100 points. These points were based on completing a medical visit,
reporting on diet intake, and measuring daily steps on a wearable tracker. The Gain Group (GG),
N = 20, started each month with USD 0 in a virtual account and increased their monetary reward up
to USD 100 depending on AS. The Loss Group (LG), N = 21, began each month with USD 100 in their
virtual account, which decreased based on adherence. The Control Group (CG), N = 19, received
USD 10 monthly. Results: Adherence was highest in the GG, with 66.0 points, compared to the LG,
with 54.9 points, and CG, with 40.6 points, with p < 0.01. The GG had greater adherence to their
step goal (14.6) and dietary reporting (18.7) compared to the LG (10.0 and 13.9) and the CG (3.9 and
8.1), p < 0.005. Conclusions: Gain-framed incentives are superior to loss-framed ones in improving
adherence to pediatric obesity treatments.

Keywords: childhood; obesity; incentives; gain; loss; behavioral economics; cost-effectiveness

1. Introduction

Childhood obesity is a major public health issue, with about 40% of adolescents youths
being overweight or obese in the United States [1,2]. The obesity epidemic disproportion-
ately affects Hispanic and non-Hispanic black children, yielding increased comorbidities in
these youth [1,3]. Pediatric obesity treatment programs with a family-centered approach
have proved to be effective in lowering body mass index (BMI) in youth with obesity [4–6].
Indeed, the American Academy of Pediatrics (AAP) recommendations for obesity treat-
ment include parental involvement, such as monitoring, limit setting, barrier reduction,
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managing family conflict, and modifying the home environment [7]. However, a range of
barriers to care exist, such as cost, patient disengagement, which increases in adolescence,
and lack of family support [8–12]. Many of these barriers, such as the built environment
and family time constraints, are exacerbated in minority and low-income communities [8].

Attrition rates for pediatric obesity programs are high (27 to 73%), with minorities and
adolescents at the highest risk of attrition [13,14]. Further, even without formal attrition,
adherence to regimes tends to wane over time, reducing their effectiveness [15,16]. Rapoff’s
model of adherence to pediatric medical regimes identifies three categories of factors
associated with adherence: patient/family factors (e.g., demographics and knowledge),
regimen factors (e.g., cost and complexity), and disease factors (e.g., duration and perceived
severity) [17]. Some indicators for lack of adherence or eventual attrition linked to this
framework are travel distance, higher BMI at the start, greater number of obesity-related
comorbidities, lack of child engagement, insurance coverage, and parental perception that
treatment is not meeting expectations [11,12,18,19]. This study seeks to address a potential
source of modification to child motivation.

As indicated, family-centered approaches to obesity treatment face barriers to success
due to a lack of child motivation [19]. Strategies to improve engagement for patients and
families attending obesity treatment programs could lead to better outcomes [20]. One
strategy favored by parents is a regime that incentivizes behavioral change (e.g., physical
activity increases) rather than measured outcomes (e.g., BMI change) [21]. Financial in-
centives are a potential extrinsic motivator to achieve such behavior modifications. The
objective of the financial incentive is to keep the participant sufficiently engaged for long
enough to observe a delayed or uncertain outcome [19]. Although rewards and financial
incentives raise concerns with parents that such incentives might be short-lived motiva-
tors and diminish their children’s intrinsic motivation to make healthy lifestyle choices,
incentives in the form of money or other valued rewards have been used in both adult
and pediatric settings to improve adherence to medical regimens and encourage healthier
choices [15,21–24]. To our knowledge, monetary incentives have not been tested in pedi-
atric obesity treatment, with the exception of a randomized clinical trial of severely obese
adolescents treated with meal replacement therapy with and without a financial incentive.
Financial incentives with therapy versus therapy alone improved outcomes, which were
measured as reductions in BMI and total body fat without increased unhealthy weight
control behaviors [25].

Incentives framed as avoiding a potential loss rather than obtaining a potential gain
capitalize on the powerful force of loss aversion and seem to be more effective than gain
incentives in promoting smoking cessation and physical activity in some studies [26–28].
Still, other studies suggest the opposite, with incentives framed as a gain to be superior to
loss-framed incentives [29,30]. Much like a survey of 304 parents of obese children who
preferred financial incentives that targeted both parent and child and gain-framed rather
than loss-framed payments, in a previous survey of 108 youths in our obesity treatment
program and their guardians, we reported that the majority predicted that gain-framed
incentives would be superior [19,31].

While both gain- and loss-framed incentives have been tested in adolescents, there is
no information on which, if any, would be more effective in a pediatric obesity interven-
tion [22]. The immediate objective of this study was to test whether incorporating monetary
incentives into an obesity treatment intervention improves engagement and adherence and
to specifically examine whether incentives in the form of avoiding a loss or receiving a gain
is the superior strategy. Our second objective was to determine which of the two strategies
is more cost-effective. We chose a randomized controlled trial design given the generally
accepted superiority of the technique when evaluating interventions [32,33].

2. Materials and Methods

Sixty youths with obesity (BMI ≥ 95th percentile for age and sex) aged 13 to 18 years
who attended the Center for Better Health and Nutrition (CBHN) pediatric obesity treat-
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ment program were recruited between 22 July 2022 and 11 July 2023 to participate in this
prospective randomized controlled trial. Patients were randomized in equal numbers
to one of three incentive groups: the Control Group (CG), Loss Group (LG), and Gain
Group (GG). Participants were either new to the program or had not participated in the
program for at least 9 months. Study patients participated in the CBHN/Healthworks!, a
family-centered intervention in which patients and guardians see a pediatrician, dietitian,
and exercise physiologist. The intervention includes monthly visits, exercise classes, educa-
tional videos, and customized care plans. Participants in each group were given a Fitbit
Inspire 2 wearable tracker (Fitbit, San Francisco, CA, USA) and Fitbit Aria Scale (Fitbit, San
Francisco, CA, USA). The tracker gave an objective measure of steps per day, and the scale
was applied if weight checks could not be conducted in CBHN offices secondary to possible
COVID-19 restrictions; however, this never became an issue during the study period.

Adherence to the program (Table 1) was measured in points based on steps per day,
responding to a daily dietary survey, and completing monthly clinic visits. While the
responses to the dietary study were self-reported, adherence points were based only on
completing the surveys, not the responses. Although not included in the adherence score,
skin carotenoid levels were measured with a VEGGIE METER® (Longevity Link Corp., Salt
Lake City, UT, USA), a device that objectively measures an index of fruit and vegetable
intake based on skin carotenoid levels [34,35]. At the time of study entry, participants and
their guardians viewed a video explaining the study expectations and how the incentive
was determined for their specific group. The video had Spanish subtitles for Spanish-
speaking families.

Table 1. Adherence index/incentive scheme.

Type of Activity When
Available

Value
Representing

Adherence

Adherence
Index Points

Maximum
Points per

Month

Maximum
Incentive

per Month

Study Participation Monthly Yes 10 points per
month 10 points USD 10

Exercise Adherence Daily steps by tracker Daily

0 to 3000 daily
steps

0 points per
day

30 points USD 30
3001 to 5000
daily steps

0.5 points per
day

5001 or more
daily steps 1 point per day

Dietary Adherence

Completing goal log answering
questions:
1. Did you eat breakfast
yesterday? y/n
(meal eaten before 10:30 a.m.)
2. How many fruits or vegetables
eaten yesterday? 0 to >10
3. How many sugary drinks did
you drink yesterday? 0 to >10
4. Did you eat after 7 p.m.
yesterday? y/n

Daily Daily survey
completed 1 per day 30 points USD 30

Clinical Adherence In clinic (0, 3, 6 mos.)
or telehealth (1, 2, 4, 5 mos.) Monthly Monthly visit

attended
30 points per

month 30 points USD 30

Maximum Total 100 points USD 100

2.1. The Groups

Control Group (CG): This group had all the standard program features with an in-clinic
visit routine (0, 3 and 6 mos.) of the CBHN obesity treatment program. They were given
Fitbit wearable devices to measure steps and adherence to meeting the goal of 10,000 steps
per day. Participants had the option of monthly physician, dietitian, and exercise Telehealth
visits during months when there were no live clinic visits. Both parents/guardians and
participants attended in-person clinic visits at 0, 3, and 6 months. Parental attendance was
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optional at the 1-, 2-, 4-, and 5-month Telehealth visits. While parents were encouraged
to support their children’s adherence, reporting and wearing the tracker were the study
participants’ responsibility. Patients received daily text messages with a link to complete
the dietary survey of four questions outlined in Table 1. While the adherence index was
calculated for patients in this group, the only monetary incentive they received was USD ten
per month via a “Clin-Card” gift card. Laboratory studies and anthropometric data (Table 2)
were collected at entry and study completion. Laboratory studies included High-Density
Lipoprotein (HDL), Low-Density Lipoprotein (LDL), Total Cholesterol, and Triglyceride,
Hemoglobin A1C percent (HgbA1C%), Alanine Aminotransferase (ALT), and Aspartate
Aminotransferase (AST) levels were obtained within 4 weeks before or after the first and
last study visit. Patient/family demographics, such as race, ethnicity, insurance type, and
family income, were obtained via self-report entered on a study form.

Table 2. Baseline unadjusted characteristics of study participants.

Characteristic Overall, N = 60 1 Control, N = 19 1 Loss, N = 21 1 Gain, N = 20 1 p-Value 2

Age 15.2 (1.4) 15.2 (1.3) 15.4 (1.4) 15.2 (1.4) 0.857
Sex 0.901

Male 23 (38%) 8 (42%) 8 (38%) 7 (35%)
Female 37 (62%) 11 (58%) 13 (62%) 13 (65%)

Race 0.908
African American 15 (25%) 5 (26%) 6 (29%) 4 (20%)

Caucasian 40 (67%) 12 (63%) 13 (62%) 15 (75%)
Multi-racial 5 (8.3%) 2 (11%) 2 (9.5%) 1 (5.0%)

Ethnicity 0.861
Hispanic 5 (8.3%) 2 (11%) 2 (9.5%) 1 (5.0%)

Non-Hispanic 55 (92%) 17 (89%) 19 (90%) 19 (95%)
Income 0.445

Less than USD 24,999 2 (3.9%) 0 (0%) 2 (11%) 0 (0%)
USD 25,000–USD 49,999 16 (31%) 5 (33%) 7 (39%) 4 (22%)
USD 50,000–USD 74,999 8 (16%) 2 (13%) 1 (5.6%) 5 (28%)
USD 75,000–USD 99,999 8 (16%) 1 (6.7%) 3 (17%) 4 (22%)

USD 100,000–USD 149,999 10 (20%) 4 (27%) 2 (11%) 4 (22%)
>USD 150,000 7 (14%) 3 (20%) 3 (17%) 1 (5.6%)
Insurance type 0.708

Public (Medicaid) 25 (46%) 7 (41%) 8 (42%) 10 (56%)
Private 28 (52%) 10 (59%) 10 (53%) 8 (44%)
Military 1 (1.9%) 0 (0%) 1 (5.3%) 0 (0%)

%BMIp95 140.2 (23.5) 137.7 (18.7) 142.0 (25.6) 140.7 (26.2) 0.971
HgA1C% 5.5 (0.3) 5.5 (0.3) 5.5 (0.3) 5.5 (0.4) 0.853

Total cholesterol mg/dL 156.0 (22.2) 159.2 (23.6) 152.1 (23.4) 156.8 (20.9) 0.694
HDL mg/dL 41.0 (6.8) 41.5 (5.4) 40.7 (9.1) 40.9 (6.0) 0.552
LDL mg/dL 95.4 (22.3) 96.7 (22.7) 90.9 (18.6) 98.2 (25.2) 0.685

Triglycerides mg/dL 106.3 (59.5) 105.9 (41.3) 103.4 (36.8) 108.9 (84.5) 0.596
AST U/L 24.4 (9.6) 23.5 (7.1) 23.7 (10.5) 25.6 (10.9) 0.755
ALT U/L 30.3 (23.7) 25.2 (12.7) 28.7 (18.5) 35.6 (32.6) 0.953

Systolic BP mm 117.1 (9.0) 116.3 (8.5) 116.5 (9.5) 118.6 (9.2) 0.774
Diastolic BP mm 67.7 (8.8) 66.7 (6.0) 67.6 (9.5) 68.9 (10.6) 0.840

Veggie Meter 179.8 (64.6) 146.5 (60.1) 205.5 (72.1) 182.7 (47.5) 0.021
1 Mean (SD); n (%); 2 Kruskal–Wallis rank sum test; Pearson’s Chi-squared test; Fisher’s exact test; Abbreviations:
High-Density Lipoprotein = HDL; Low-Density Lipoprotein = LDL; Hemoglobin A1C percent = HgA1C%;
Alanine Aminotransferase = ALT; and Aspartate Aminotransferase = AST.

Gain Group (GG): This group had all the clinical and reporting features of the CG.
In addition, this group received an incentive based on the monthly calculation of the
adherence index outlined in Table 1, with every point worth USD one. The patient and
guardian received a report monthly describing adherence points and the incentive earned
in their Clin-Card “account”. The maximum incentive was USD 100, and the minimum was
USD 10 total. The patients had a virtual account, and the value of the incentives was USD 0
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at the beginning of the month and increased up to USD 100 based on the participant’s
adherence score.

Loss Group (LG): This group had all the features of the GG except for how the incentive
was presented. Patients, like those in the GG, had monthly reports on their adherence and
incentive. Their virtual account, however, had a value of USD 100 added at the beginning
of the month and lost value if adherence metrics were not met to a potential minimum of
USD 10.

2.2. Inclusion Criteria

Subjects who met all of the following criteria were eligible for the study:

1. Age 13–18 years old;
2. BMI ≥ 95th percentile for age and sex;
3. The family must understand English or Spanish;
4. The family must have access to a smartphone;
5. The patient must not have participated in an obesity treatment program within the

past 9 months

2.3. Exclusion Criteria

Subjects who did not meet any of the above criteria, had a sibling in the study, or
could not understand the study requirements as deemed by the examining physician were
excluded. As the change in weight status was not a primary endpoint in the study, the
patient being on a medication known for weight gain or loss was not a reason for exclusion.

2.4. Data Management

All of the data were recorded on study-specific case report forms (CRFs) in either
paper-based or electronic formats. After consent, demographic and medical history were
collected from the patient’s electronic medical record and entered into the CRF. Other
data were collected directly from the patient via survey, data recorded by their Fitbit
tracker, blood draw, and physical examinations. The data obtained included the following:
insurance status, race/ethnicity, age, sex, blood pressure, weight, height, percent body
fat, skeletal muscle mass, fat mass, veggie meter score, laboratory values, medications,
BMI, and percent of 95th percentile BMI for age and sex (%BMIp95), determined as per the
criteria of the National Center of Health Statistics [36], daily steps (via Fitbit Tracker), and
daily food log, via a link to Redcap, sent via a text message. The food logs were carried out
the following day to ensure all of the data were entered. The questions were as follows:

1. Did you eat breakfast yesterday? y/n
(meal eaten before 10:30 a.m.)

2. How many fruits or vegetables were eaten yesterday? 0 to >10 (defined in a separate handout)
3. How many sugary drinks did you drink yesterday? 0 to >10 (defined in a separate handout)
4. Did you eat after 7 p.m. yesterday? y/n

Study data were stored and processed using a RedCap database. Data were man-
aged by an experienced team of clinical data specialists and coordinators using the Data
Management Center’s (DMC) standard operating procedures and guidelines. Data were in-
dexed using a study-specific subject number; the key that linked this number to identifying
information was stored in a separate, secure location.

2.5. Statistical and Sensitivity Analysis

Means and standard deviations (SDs) were calculated for continuous variables and
counts and percentages for categorical variables. Categorical variables were compared
using Chi-square or Fisher’s exact tests, dependent on the number of observations. The
Wilcoxon signed-rank test was used to test for differences in the continuous variables
between the Loss, Gain, and Control groups. The Kruskal–Wallis rank sum test was
used to test for differences between the continuous variables of the three groups as it is
the preferred test for a 3-way comparison when data are not normally distributed. The
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Wilcoxon signed-rank test was used to investigate the changes from baseline to study
completion (6 months) in %BMIp95, systolic BP, diastolic BP, veggie meter, HDL, LDL,
HgA1C%, cholesterol, triglycerides, AST, and ALT. The Wilcoxon signed-rank test was
chosen as the data did not meet the condition of normality. Linear mixed-effects regression
was used to test for associations of characteristics with adherence with the study group as
the main independent variable. Analyses were conducted using R 4.4.0 statistical software
(R Core Team, 2024, Vienna, Austria).

For the economic evaluation, a decision tree for the study was created using TreeAge
Pro Version 2023 software (Copyright 1988–2023 TreeAge Software, LLC, Williamstown,
MA, USA). The provider costs of visits 2, 4, and 5 were bundled together, as the probability
of each of the visits was assumed to be equal for all branches in the analysis. A cost-effective
analysis was carried out using the actual study equipment costs (incentives, Fitbit, and
scale) and values of physician, dietitian, and exercise visits estimated via posted Medicare
reimbursements. Three-way sensitivity analyses were performed, varying the probability
of adherence in the CG, LG, and GG by 10% higher and lower than the values observed
during the trial.

2.6. Sample Size Calculation

Prior to the study, we calculated the sample size required to power this study for a
significant difference in the primary outcome of total adherence points. This study was not
intended, a priori, to be of power for secondary outcomes. We assessed the proportion of
patients needed in each study arm completing the 3- and 6-month study visits to estimate
the mean and SD in the adherence score to help with the design of a larger, confirmatory
trial if needed. A sample size of N = 20 per study arm produced a two-sided exact 95% CI
(i.e., a margin of error) with a width of (0.51; 0.91) when the sample proportion is 0.75. The
margin of error has a width of (0.28; 0.73) when the sample proportion is 0.50. A sample
size of N = 12 participants retained at the 6-month visit produces a two-sided 95% CI with
a distance from the mean to the limits (half-width of the 95% CI) for the mean that is equal
to 6.4 when the estimated SD = 10. The mean to the limit is 12.7 when the SD = 20. The
half-width for the 95% CI for the SD is 9.9 and 19.8. Thus, enrolling N = 20 per arm was
determined to inform the sample size calculations required to design a larger, rigorously
powered study if needed.

2.7. Institutional Approval and Consent

This study was conducted in accordance with the Declaration of Helsinki and ap-
proved by the Cincinnati Children’s Institutional Review Board, protocol 2022–0012. For
those under 18 years of age, written informed consent was obtained from a guardian of
each participant, and the participant gave written assent if they were between the ages
of 13 to 17, according to institutional standards. For participants 18 years of age, written
informed consent was obtained.

3. Results
3.1. Group Comparisons

The demographics and baseline characteristics of the 60 adolescents recruited for the
study are summarized in Table 2. The average participant age was 15.2 years old; 62% were
female; 46% had Medicaid insurance; 67% were white; 25% were black; and 8.3% were
Hispanic. All of the baseline characteristics were similar in the groups, except the veggie
meter score, which was highest at entry in the GG.

Table 3 summarizes the adherence results of the three groups. The GG overall had
the greatest adherence of 66.6 points per month compared to 55.6 points for the LG and
41.4 points for the CG (p = 0.009). The GG also had significantly higher adherence to exercise
and dietary guidelines. The three groups were more similar in clinic visit adherence, with
no significant differences between them. Table 4 addresses Fitbit use during the study
and the recorded steps per day. The GG was significantly more likely to wear the tracker;
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however, the steps per day were not significantly different between the groups when the
device was worn. Adherence decreased with time in all three groups. Figures 1–4 illustrate
how adherence decreased over time for all of the primary outcomes.

Table 3. Adherence points by group per month.

Characteristic
(Points Per Month)

Overall
N = 60 1

Control
N = 19 1

Loss
N = 21 1

Gain
N = 20 1 p-Value 2

Exercise (step goal) 9.6 (9.9) 3.9 (6.5) 10.0 (9.8) 14.6 (10.2) 0.003
Dietary 13.4 (10.7) 8.1 (8.9) 13.9 (11.5) 17.9 (9.6) 0.016

Clinic visits 20.7 (9.3) 18.7 (10.7) 19.9 (9.6) 23.5 (6.9) 0.386
Total points 54.1 (25.7) 40.6 (21.3) 54.9 (25.9) 66.0 (24.1) 0.011

1 Mean (SD); 2 Kruskal–Wallis rank sum test.

Table 4. Fitbit wear time and steps per day by group.

Characteristic Overall
N = 60 1

Control
N = 19 1

Loss
N = 21 1

Gain
N = 20 1 p-Value 2

Fitbit-days worn 88.5 (72.9) 45.4 (63.4) 94.1 (69.3) 118.4 (70.2) 0.010
Mean steps per day 6500.7 (3166.7) 5369.5 (3562.3) 6762.0 (3097.4) 7155.7 (2815.5) 0.332

1 Mean (SD); 2 Kruskal–Wallis rank sum test.
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Figure 1. Total adherence points for each of the groups with time in months of study participation.

Figure 5 illustrates the total points for all the groups combined over the study period.
Total adherence points declined overall and within all groups over the 6 months (p < 0.001),
with the mean total adherence for all groups combined dropping from 70.4 ± 24.5 points to
44.9 ± 29.3 points.

Pre- and post-mean values of the secondary outcomes at study entry and completion
are summarized in Table 5. Each variable was tested for change with a Wilcoxon signed-
rank test, and no significant changes in any of the variables were observed.
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To test for which characteristics were associated with better adherence, mixed-effects
linear regression models were used to test for changes in adherence from baseline to
study endpoints for total, visit, dietary log, and exercise point adherence, and this is
summarized in Table 6. Patients in the Gain Group had a significant association for higher
total, dietary log, and step goal adherence, but not clinic visits. Private insurance was
associated with higher adherence for all adherence categories. Table 7 summarizes the
medications associated with weight loss or gain that were prescribed to the study patients
before or during the study. Of note, the number of patients on medications was not
significantly different in either study group. In all, 33 adolescents (55%) completed their
6-month visit, with 9 (47%) in the CG, 10 in the LG (48%), and 14 in the GG (70%), p = 0.25
as by Fisher’s exact test.
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Table 5. (1) Pre- and post-comparisons of characteristics in the Control Group. (2) Pre- and post-
comparisons of characteristics in the Loss Group. (3) Pre- and post-comparisons of characteristics in
the Gain Group.

(1)

Pre vs. Post in Control

Characteristic Pre, N = 19 1 Post, N = 19 1 p-Value 2

%BMIp95 138 (19) 135 (9) >0.999
Systolic bp mm 116 (9) 116 (12) 0.623
Diastolic bp mm 67 (6) 69 (9) 0.858

Veggie meter score 146 (60) 151 (25) 0.447
HgA1C % 5.46 (0.28) 5.46 (0.24) 0.832

HDL mg/dL 42 (5) 43 (8) 0.469
LDL mg/dL 97 (23) 101 (25) >0.999

Cholesterol mg/dL 159 (24) 166 (29) 0.578
Triglycerides mg/dL 106 (41) 106 (30) 0.309

AST U/L 24 (7) 20 (9) 0.233
ALT U/L 25 (13) 21 (13) 0.787

(2)

Pre vs. Post in Loss

Characteristic Pre, N = 21 1 Post, N = 21 1 p-Value 2

%BMIp95 142 (26) 132 (13) >0.999
Systolic bp mm 117 (9) 115 (8) 0.437
Diastolic bp mm 68 (10) 69 (5) 0.394

Veggie meter score 206 (72) 190 (53) 0.933
HgA1C % 5.52 (0.26) 5.45 (0.29) >0.999

HDL mg/dL 41 (9) 42 (6) >0.999
LDL mg/dL 91 (19) 90 (37) 0.423

Cholesterol mg/dL 152 (23) 157 (46) 0.423
Triglycerides mg/dL 103 (37) 127 (44) 0.181

AST U/L 24 (10) 22 (8) 0.423
ALT U/L 29 (18) 29 (17) 0.789

(3)

Pre vs. Post in Gain

Characteristic Pre, N = 20 1 Post, N = 20 1 p-Value 2

%BMIp95 142 (26) 132 (13) >0.999
Systolic bp mm 119 (9) 120 (11) 0.637
Diastolic bp mm 69 (11) 70 (8) 0.972

Veggie meter score 183 (47) 198 (51) 0.675
HgA1C % 5.49 (0.42) 5.41 (0.45) 0.855

HDL mg/dL 40.9 (6.0) 38.9 (7.8) 0.684
LDL mg/dL 98 (25) 105 (17) 0.402

Cholesterol mg/dL 157 (21) 164 (19) 0.498
Triglycerides mg/dL 109 (84) 134 (121) >0.999

AST U/L 26 (11) 22 (10) 0.075
ALT U/L 36 (33) 31 (29) 0.271

1 Mean (SD); 2 Wilcoxon signed rank test; Abbreviations: High-Density Lipoprotein = HDL; Low-Density
Lipoprotein = LDL; Hemoglobin A1C percent = HgA1C%; Alanine Aminotransferase = ALT; and Aspartate
Aminotransferase = AST.
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Table 6. Summary of mixed-effects linear regression models in which adherence points (total, visit, dietary log, and exercise, as determined by steps) are the
dependent variables. Reference of each characteristic appears as (—).

Characteristic
Total Visit Diet Exercise

Beta 95% CI 1 p-Value Beta 95% CI 1 p-Value Beta 95% CI 1 p-Value Beta 95% CI 1 p-Value

Study Group

Control — — — — — — — —

Loss 13 −1.3, 27 0.074 0.59 −5.0, 6.2 0.833 4.7 −1.1, 10 0.111 6.5 0.43, 13 0.036

Gain 28 13, 42 <0.001 5.3 −0.40, 11 0.067 10 4.6, 16 <0.001 12 5.9, 18 <0.001

Age 1.6 −3.0, 6.2 0.483 1.1 −0.65, 2.9 0.204 0.00 −1.9, 1.9 0.999 0.93 −1.0, 2.9 0.341

Sex

Male — — — — — — — —

Female −2.8 −15, 9.6 0.650 −1.7 −6.5, 3.2 0.492 1.6 −3.4, 6.6 0.518 −1.6 −6.8, 3.7 0.545

Insurance type

Public (Medicaid) — — — — — — — —

Private 19 6.1, 32 0.005 5.5 0.50, 10 0.032 8.3 3.2, 13 0.002 6.3 0.93, 12 0.022

Military 38 −7.9, 83 0.103 11 −6.4, 29 0.204 23 4.7, 41 0.015 3.7 −15, 23 0.693

Race

African American — — — — — — — —

Caucasian 13 −2.4, 28 0.096 8.1 2.2, 14 0.009 2.9 −3.2, 9.0 0.345 1.3 −5.1, 7.7 0.679

Multi-racial 26 2.7, 50 0.030 6.5 −2.7, 16 0.159 9.7 0.35, 19 0.042 9.1 −0.70, 19 0.068

Ethnicity

Hispanic — — — — — — — —

Non-Hispanic −11 −32, 10 0.303 −0.96 −9.1, 7.2 0.813 −3.7 −13, 5.5 0.420 −1.0 −11, 8.6 0.831

p95%tile-BMI 2 0.22 −0.04, 0.47 0.094 0.02 −0.08, 0.12 0.638 0.11 0.01, 0.21 0.034 0.07 −0.04, 0.18 0.188
1 CI = Confidence Interval; 2 p95%tile-BMI= percent of the 95th percentile for age and sex.
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Table 7. Summary of patient medications associated with weight gain or loss by study group.

Medication or Class Control, N = 19 Loss, N = 21 Gain, N = 20 p 2

Metformin 3 (16%) 2 (10%) 3 (15%) 0.802
GLP1-RA 1 1 (5%) 1 (5%) 1 (5%) 1.000
Stimulant 0 (0%) 3 (14%) 0 (0%) 0.100
Bupropion 0 (0%) 1 (5%) 0 (0%) 1.00
Topiramate 0 (0%) 1(5%) 0 (0%) 1.00
Duloxetine 0 (0%) 1 (5%) 0 (0%) 1.00

Total Patients receiving
medications 4 (21%) 7 (33%) 4 (20%) 0.407

1 GLP1-RA = Glucagon-lie peptide-1 receptor agonist (Liraglutide or Semaglutide); 2 Fisher’s exact test.

3.2. Economic Analysis

Using TreeAge Pro Version 2023 software (Copyright 1988–2023 TreeAge Software,
LLC, Williamstown, MA, USA) a decision tree was constructed for each study arm, as
depicted in Figure 6. Assumptions on cost are described in Table 8. The GG arm proved
more cost-effective than the LG arm, with an incremental cost-effective ratio (ICER) of
3.26 compared to USD 4.23 per incentive point, with the Control Group as a reference.
Three-way sensitivity analysis was carried out, varying the adherence probability of each
group by 10%. The GG had a more favorable ICER than the LG in all variations tested.
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Table 8. Study costs.

Item Cost Comments

Equipment
Fitbit USD 66
Scale USD 40

Provider Visits *

In the decision tree analysis, visits
2, 4, and 5 were bundled together
for a total cost of USD 366 as the
probability of keeping the visits

are equal

Initial visit MD USD 153
Initial visit dietitian USD 37
Initial visit exercise physiologist USD 34
Total cost of visit 1 USD 224
Follow-up MD visit USD 51
Follow-up dietitian visit USD 37
Follow-up exercise physiologist USD 34
Total follow-up visit USD 122
Cost of visits 2, 4, and 5 USD 366

Maximum incentive study incentive
Study participation incentive
(Control group Only)

USD 600
USD 60

The actual incentive can vary
depending on the level of

adherence, as outlined in Table 1.
* From Medicare costs given on Clearhealthcosts.com (accessed on 29 September 2024) [37].
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4. Discussion

Our study demonstrates that a financial incentive in the form of a rechargeable gift
card will increase adherence to a pediatric obesity treatment intervention. This is consistent
with previous studies relating to other health conditions and adults [15,23,24,26,27]. Similar
to other studies, our results suggest that the effect diminishes with time. This effect was
described by Tulsky et al. in a study of financial incentives with prophylactic tuberculosis
treatment in adults challenged by homelessness, in which adherence dropped from 100%
to under 60% over six months [16]. We saw a similar effect in a study using small prizes to
improve healthier food selection in elementary school students, with a 50% drop in healthier
food selection in less than a month [15]. With this study, we show that incentives that are
gain-framed appear to be more effective than loss-framed incentives. These results run
counter to Behavioral Economic Prospect Theory, which suggests that the strong impulse
of loss aversion will lead to loss-framed incentives being superior to gain-framed ones [38].
The results are consistent, however, with those reported by Malik et al., whose study of
34 children showed a small advantage of gain-framed compared to loss-framed incentives
(45% versus 43%) in terms of improving acceptable “time in range” for adolescents’ self-
monitoring with type 1 diabetes [39].

It is interesting to note that although we predicted that loss-framed incentives would
be more effective than gain-framed based on Prospect Theory, in a prior survey of patients
in our program, 53% of youths and 68% of their caretakers predicted that a gain-framed
incentive would be superior [31]. These findings seem to make sense when considering
human development stages. It has been noted that loss aversion seems to increase with
age in adults [40]. Additionally, adolescents may not have the level of abstract thinking
necessary to appreciate the complexity of a virtual account and losing money from it [41].
Our study also shows that gain-framed incentives are more cost-effective than loss-framed
incentives. Of note, our linear regression results confirm that the gain incentives are
associated with greater adherence. The linear regression also suggests that those with
private insurance were more likely to have higher adherence scores than those with state-
funded insurance, a maker of lower socioeconomic status, where the reward might be
predicted to have a greater impact. This finding implies that other stressors associated with
lower economic status might affect adherence.

Given that adolescents with obesity are at risk for developing type 2 diabetes, car-
diovascular disease, metabolic dysfunction-associated steatotic liver disease, and other
chronic conditions, the AAP recommends intensive lifestyle management and monitoring
metabolic parameters, such as liver enzymes, lipid profile, and percent Hemoglobin A1c in
adolescents with obesity [7]. In a systemic review of lifestyle interventions for children and
adolescents with obesity, Ho et al. demonstrated improvements in BMI, lipid profile, and
insulin levels [42]. Although none of the secondary outcomes achieved significant changes,
we noted a numerical improvement in BMI status in all three groups and in HgbA1c in
the GG and LG. The ALT numerically, but non-significantly, improved in the GG and CG.
Veggie meter scores have been used as a non-invasive, non-objective method of measuring
skin carotenoid levels and as a proxy for assessing fruit and vegetable consumption in
children and adolescents [43,44]. We saw small, nonsignificant (less than 10%) increases in
the GG and CG. While these small improvements may be suggestive of clinical, lifestyle,
and metabolic improvement, they should be interpreted with caution as our number of
patients is small.

Several of our secondary findings correlate with the literature. Multiple studies have
identified the necessity of engaging parents and families in obesity prevention interventions
as they play a dominant role in the lives of children [7,8,12,45]. We too find that, in our
intervention, the measured activity with the greatest potential role for parental involvement,
clinic visits, three in-person and four via telehealth, were the only measured activity that
was not significantly different across arms of the trial (see Table 3).

In addition, our sample of children with obesity comprised 67% white children and
33% nonwhite (25% African American and 8.3% multi-racial (N = 5)). Although we did
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not analyze our differences in means by race, we saw very little evidence of a strong racial
effect in our regression analyses. Whites were not statistically significantly different from
African Americans on any measure except clinic visits. Multi-racial children (albeit with a
very small number of observations) were statistically significantly more likely to achieve
higher adherence points and to respond to their dietary survey than African American
participants. However, it has been noted that African American children are more likely to
drop out of treatment protocols and that the socioeconomic and cultural contexts across
diverse communities require particular attention. For example, Alkhatib and Obita found
that obesity intervention programs work better in minority communities when parents
and community stakeholders co-design the programs [45]. This is in part because different
communities respond differently to interventions—with Hispanic children responding
well to educational interventions and Chinese Americans responding well to online and
computer-based interventions; however, neither of these types of interventions is as well
received or effective among African American communities.

The results of the linear regression further suggest that those with private insurance
were more likely to have higher adherence scores than those with state-funded insurance,
a maker of lower socioeconomic status, where the reward might be predicted to have a
greater impact. This finding implies other stressors associated with lower economic status,
such as fear of victimization by social services, cultural and religious traditions, and racial
stigma related to child weight in the wider community, might be affecting adherence [46].

Lastly, our cost-effectiveness analysis shows that gain-framed incentives are more
cost-effective than loss-framed ones.

5. Limitations

Our study, of course, has several limitations. Our numbers are relatively small and
were based on a sample size to test only for the primary outcome of total adherence points.
This limits the conclusions that can be made on the clinical effectiveness of improving
secondary outcomes, such as BMI status (%BMIp95), metabolic laboratory parameters, and
obesity-related co-morbidities, as well as describing the effects of ethnic/social disparities
on response. Given that most of the parameters moved in a favorable albeit statistically
insignificant manner, it is likely that with a larger definitive study, there will be an im-
provement in BMI and metabolic status. Additionally, the length of this study was only
6 months. It remains to be seen whether the effects are maintained with and without incen-
tives. Our results show that the effect on adherence, like other studies, decreases with time.
Moreover, we were not able to explore the association of menarche directly on adherence
and secondary endpoints. We can, however, infer that menarche does not seem to affect
adherence, as sex was not associated with adherence in the linear regression. Another
shortcoming of our study is that we depended on the randomization technique to ensure
that the characteristics of the three groups were similar. Despite this limitation, however,
the characteristics of the three groups, as described in Table 2, were remarkably similar
in terms of demographic and clinical characteristics. We only wanted objective, verifiable
data for adherence; we do not know whether dietary intake changed during this study and,
ultimately, our study relates to behavioral interventions designed to augment the current
standard of care. We did, however, include the veggie meter score as a secondary outcome
as it is an objective measure. While not significant, there was a numerical increase in the
CG and GG. Finally, because of the nature of the intervention, our study was not blinded;
thus, patient and observer bias may have influenced our results.

6. Conclusions

It appears that incentives, in general, work in the pediatric obesity treatment setting
for improving adherence and that gain-framed incentives specifically are superior to loss-
framed incentives. The potential use of incentives with pediatric obesity treatment should
be considered within the context that the causes of obesity in adolescents are enormously
complex, and factors beyond nutrition, physical activity, and obesity treatment program
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visits contribute and may need to be addressed. Specifically, as described by Alkhatib and
Obita, the cultural context and presence of socioeconomic barriers need to be considered
and incorporated into pediatric obesity interventions to achieve greater adherence and, as
a result, healthier lives for all children [46,47].

Author Contributions: Conceptualization: R.M.S., L.D., M.E.M., E.U., C.K. and N.A.K.; methodology:
R.M.S., L.D., M.E.M., N.A.K., R.K., E.U., J.S., S.K., C.K. and K.S.; formal analysis: R.M.S., M.E.M.,
N.A.K. and J.S.; resources: A.S.; data curation: A.S.; supervision: R.M.S.; original draft preparation:
R.M.S.; writing—review and editing: R.M.S., R.K., K.S., M.E.M., L.D., A.S., E.U., J.S., S.K., C.K. and
N.A.K.; funding acquisition: R.M.S., M.E.M., L.D., N.A.K., R.K., E.U., S.K. and K.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This study was supported in part by a Place Outcomes Award from Cincinnati Children’s Hospital.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Cincinnati Children’s Hospital,
protocol 2021-0085, approve 13 January 2022.

Informed Consent Statement: All participants, who were 18, consented prior to the completion of
the study procedures. Per local institutional regulations, all participants aged 11 to 17 assented to
study participation along with the consent of their legal guardian; therefore, participants who were
13–17, for study inclusion, provided assent prior to study participation.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Acknowledgments: We gratefully acknowledge the help of the Heart Institute Research Core in de-
veloping the study database and providing regulatory, data collection, and management support, and
Peter Mallow and Paul Niklewski for their instruction and supervision of the economic evaluation.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Ogden, C.L.; Carroll, M.D.; Kit, B.K.; Flegal, K.M. Prevalence of obesity and trends in body mass index among US children and

adolescents, 1999–2010. JAMA 2012, 307, 483–490. [CrossRef] [PubMed]
2. Tsoi, M.-F.; Li, H.-L.; Feng, Q.; Cheung, C.-L.; Cheung, T.T.; Cheung, B.M. Prevalence of childhood obesity in the United States in

1999–2018: A 20-year analysis. Obes. Facts 2022, 15, 560–569. [CrossRef] [PubMed]
3. Cunningham, S.A.; Hardy, S.T.; Jones, R.; Ng, C.; Kramer, M.R.; Narayan, K.V. Changes in the incidence of childhood obesity.

Pediatrics 2022, 150, e2021053708. [CrossRef]
4. Kumar, S.; King, E.C.; Christison, A.L.; Kelly, A.S.; Ariza, A.J.; Borzutzky, C.; Cuda, S.; Kirk, S.; Abraham-Pratt, I.; Ali, L.; et al.

Health outcomes of youth in clinical pediatric weight management programs in POWER. J. Pediatr. 2019, 208, 57–65.e4. [CrossRef]
[PubMed]

5. Whitlock, E.P.; O’Connor, E.A.; Williams, S.B.; Beil, T.L.; Lutz, K.W. Effectiveness of weight management interventions in children:
A targeted systematic review for the USPSTF. Pediatrics 2010, 125, e396–e418. [CrossRef]

6. Wrotniak, B.H.; Epstein, L.H.; Paluch, R.A.; Roemmich, J.N. The relationship between parent and child self-reported adherence
and weight loss. Obes. Res. 2005, 13, 1089–1096. [CrossRef]

7. Hampl, S.E.; Hassink, S.G.; Skinner, A.C.; Armstrong, S.C.; Barlow, S.E.; Bolling, C.F.; Avila Edwards, K.C.; Eneli, I.; Hamre, R.;
Joseph, M.M. Clinical practice guideline for the evaluation and treatment of children and adolescents with obesity. Pediatrics 2023,
151, e2022060640. [CrossRef]

8. Darling, K.E.; Sato, A.F.; van Dulmen, M.; Flessner, C.; Putt, G. Development of a measure to assess parent perceptions of barriers
to child weight management. Child. Obes. 2018, 14, 89–98. [CrossRef]

9. Kirk, S.; Woo, J.G.; Jones, M.N.; Siegel, R.M. Increased frequency of dietitian visits is associated with improved body mass index
outcomes in obese youth participating in a comprehensive pediatric weight management program. Child. Obes. 2015, 11, 202–208.
[CrossRef]

10. Siegel, R.M.; Neidhard, M.S.; Kirk, S. A comparison of low glycemic index and staged portion-controlled diets in improving BMI
of obese children in a pediatric weight management program. Clin. Pediatr. 2011, 50, 459–461. [CrossRef]

11. Skelton, J.; Beech, B. Attrition in paediatric weight management: A review of the literature and new directions. Obes. Rev. 2011,
12, e273–e281. [CrossRef] [PubMed]

12. Park, J.; Woo, S.; Ju, Y.-S.; Seo, Y.-G.; Lim, H.-J.; Kim, Y.-M.; Noh, H.-M.; Lee, H.-J.; Park, S.I.; Park, K.H. Factors associated with
dropout in a lifestyle modification program for weight management in children and adolescents. Obes. Res. Clin. Pract. 2020, 14,
566–572. [CrossRef] [PubMed]

https://doi.org/10.1001/jama.2012.40
https://www.ncbi.nlm.nih.gov/pubmed/22253364
https://doi.org/10.1159/000524261
https://www.ncbi.nlm.nih.gov/pubmed/35358970
https://doi.org/10.1542/peds.2021-053708
https://doi.org/10.1016/j.jpeds.2018.12.049
https://www.ncbi.nlm.nih.gov/pubmed/30853195
https://doi.org/10.1542/peds.2009-1955
https://doi.org/10.1038/oby.2005.127
https://doi.org/10.1542/peds.2022-060640
https://doi.org/10.1089/chi.2017.0171
https://doi.org/10.1089/chi.2014.0079
https://doi.org/10.1177/0009922810394839
https://doi.org/10.1111/j.1467-789X.2010.00803.x
https://www.ncbi.nlm.nih.gov/pubmed/20880126
https://doi.org/10.1016/j.orcp.2020.09.002
https://www.ncbi.nlm.nih.gov/pubmed/33004301


Nutrients 2024, 16, 3363 16 of 17

13. Carman, K.L.; Dardess, P.; Maurer, M.; Sofaer, S.; Adams, K.; Bechtel, C.; Sweeney, J. Patient and family engagement: A framework
for understanding the elements and developing interventions and policies. Health Aff. 2013, 32, 223–231. [CrossRef] [PubMed]

14. Zeller, M.; Kirk, S.; Claytor, R.; Khoury, P.; Grieme, J.; Santangelo, M.; Daniels, S. Predictors of attrition from a pediatric weight
management program. J. Pediatr. 2004, 144, 466–470. [CrossRef]

15. Siegel, R.; Lockhart, M.K.; Barnes, A.S.; Hiller, E.; Kipp, R.; Robison, D.L.; Ellsworth, S.C.; Hudgens, M.E. Small prizes increased
healthful school lunch selection in a Midwestern school district. Appl. Physiol. Nutr. Metab. 2016, 41, 370–374. [CrossRef]

16. Tulsky, J.P.; Pilote, L.; Hahn, J.A.; Zolopa, A.J.; Burke, M.; Chesney, M.; Moss, A.R. Adherence to isoniazid prophylaxis in the
homeless: A randomized controlled trial. Arch. Intern. Med. 2000, 160, 697–702. [CrossRef]

17. Rapoff, M.A. Assessing adherence. In Adherence to Pediatric Medical Regimens; Springer: Berlin/Heidelberg, Germany, 1999;
pp. 47–75.

18. Berry, D.C.; Rhodes, E.T.; Hampl, S.; Young, C.B.; Cohen, G.; Eneli, I.; Fleischman, A.; Ip, E.; Sweeney, B.; Houle, T.T. Stay in
treatment: Predicting dropout from pediatric weight management study protocol. Contemp. Clin. Trials Commun. 2021, 22, 100799.
[CrossRef]

19. Wright, D.R.; Saelens, B.E.; Fontes, A.; Lavelle, T.A. Assessment of parents’ preferences for incentives to promote engagement in
family-based childhood obesity treatment. JAMA Netw. Open 2019, 2, e191490. [CrossRef]

20. Denzer, C.; Reithofer, E.; Wabitsch, M.; Widhalm, K. The outcome of childhood obesity management depends highly upon patient
compliance. Eur. J. Pediatr. 2004, 163, 99–104. [CrossRef]

21. Jacob-Files, E.; Powell, J.; Wright, D.R. Exploring parent attitudes around using incentives to promote engagement in family-based
weight management programs. Prev. Med. Rep. 2018, 10, 278–284. [CrossRef]

22. Kenyon, C.C.; Flaherty, C.; Floyd, G.C.; Jenssen, B.P.; Miller, V.A. Promoting healthy childhood behaviors with financial incentives:
A narrative review of key considerations and design features for future research. Acad. Pediatr. 2021, 22, 203–209. [CrossRef]
[PubMed]

23. Paul-Ebhohimhen, V.; Avenell, A. Systematic review of the use of financial incentives in treatments for obesity and overweight.
Obes. Rev. 2008, 9, 355–367. [CrossRef] [PubMed]

24. Volpp, K.G.; John, L.K.; Troxel, A.B.; Norton, L.; Fassbender, J.; Loewenstein, G. Financial incentive–based approaches for weight
loss: A randomized trial. JAMA 2008, 300, 2631–2637. [CrossRef] [PubMed]

25. Gross, A.C.; Freese, R.L.; Bensignor, M.O.; Bomberg, E.M.; Dengel, D.R.; Fox, C.K.; Rudser, K.D.; Ryder, J.R.; Bramante, C.T.;
Raatz, S. Financial Incentives and Treatment Outcomes in Adolescents With Severe Obesity: A Randomized Clinical Trial. JAMA
Pediatr. 2024, 178, 753–762. [CrossRef]

26. Halpern, S.D.; French, B.; Small, D.S.; Saulsgiver, K.; Harhay, M.O.; Audrain-McGovern, J.; Loewenstein, G.; Brennan, T.A.;
Asch, D.A.; Volpp, K.G. Randomized trial of four financial-incentive programs for smoking cessation. N. Engl. J. Med. 2015, 372,
2108–2117. [CrossRef]

27. Halpern, S.D.; Harhay, M.O.; Saulsgiver, K.; Brophy, C.; Troxel, A.B.; Volpp, K.G. A pragmatic trial of e-cigarettes, incentives, and
drugs for smoking cessation. N. Engl. J. Med. 2018, 378, 2302–2310. [CrossRef]

28. Tversky, A.; Kahneman, D. Loss aversion in riskless choice: A reference-dependent model. Q. J. Econ. 1991, 106, 1039–1061.
[CrossRef]

29. de Buisonjé, D.R.; Reijnders, T.; Rodrigues, T.R.C.; Prabhakaran, S.; Kowatsch, T.; Lipman, S.A.; Bijmolt, T.H.; Breeman, L.D.;
Janssen, V.R.; Kraaijenhagen, R.A. Investigating rewards and deposit contract financial incentives for physical activity behavior
change using a smartphone app: Randomized controlled trial. J. Med. Internet Res. 2022, 24, e38339. [CrossRef]

30. Nobel, N. Interplay between benefit appeal and valence framing in reducing smoking behavior: Evidence from a field experience.
J. Behav. Decis. Mak. 2023, 36, e2301. [CrossRef]

31. Siegel, R.; McGrady, M.E.; Dynan, L.; Kharofa, R.; Stackpole, K.; Casson, P.; Siegel, F.; Kasparian, N.A. Effects of Loss and Gain
Incentives on Adherence in Pediatric Weight Management: Preliminary Studies and Economic Evaluation of a Theoretical Trial.
Int. J. Environ. Res. Public Health 2022, 20, 584. [CrossRef]

32. Concato, J.; Shah, N.; Horwitz, R.I. Randomized, controlled trials, observational studies, and the hierarchy of research designs.
N. Engl. J. Med. 2000, 342, 1887–1892. [CrossRef] [PubMed]

33. Spieth, P.M.; Kubasch, A.S.; Penzlin, A.I.; Illigens, B.M.-W.; Barlinn, K.; Siepmann, T. Randomized controlled trials–a matter of
design. Neuropsychiatr. Dis. Treat. 2016, 12, 1341–1349. [PubMed]

34. Bakırcı-Taylor, A.L.; Reed, D.B.; McCool, B.; Dawson, J.A. mHealth improved fruit and vegetable accessibility and intake in young
children. J. Nutr. Educ. Behav. 2019, 51, 556–566. [CrossRef] [PubMed]

35. Ermakov, I.V.; Whigham, L.D.; Redelfs, A.H.; Jahns, L.; Stookey, J.; Bernstein, P.S.; Gellermann, W. Skin carotenoids as biomarker
for vegetable and fruit intake: Validation of the reflection-spectroscopy based “Veggie Meter”. FASEB J. 2016, 30, 409.3. [CrossRef]

36. Hales, C.M.; Freedman, D.S.; Akinbami, L.; Wei, R.; Ogden, C.L. Evaluation of alternative body mass index (BMI) metrics to
monitor weight status in children and adolescents with extremely high BMI using CDC BMI-for-age growth charts. Vital Health
Stat. 2022, 2, 197.

37. Clear Health Costs. 2024. Available online: https://clearhealthcosts.com/ (accessed on 17 August 2024).
38. Fox, C.R.; Poldrack, R.A. Prospect theory and the brain. In Neuroeconomics; Elsevier: Amsterdam, The Netherlands, 2009;

pp. 145–173.

https://doi.org/10.1377/hlthaff.2012.1133
https://www.ncbi.nlm.nih.gov/pubmed/23381514
https://doi.org/10.1016/j.jpeds.2003.12.031
https://doi.org/10.1139/apnm-2015-0535
https://doi.org/10.1001/archinte.160.5.697
https://doi.org/10.1016/j.conctc.2021.100799
https://doi.org/10.1001/jamanetworkopen.2019.1490
https://doi.org/10.1007/s00431-003-1376-7
https://doi.org/10.1016/j.pmedr.2018.04.007
https://doi.org/10.1016/j.acap.2021.08.010
https://www.ncbi.nlm.nih.gov/pubmed/34403802
https://doi.org/10.1111/j.1467-789X.2007.00409.x
https://www.ncbi.nlm.nih.gov/pubmed/17956546
https://doi.org/10.1001/jama.2008.804
https://www.ncbi.nlm.nih.gov/pubmed/19066383
https://doi.org/10.1001/jamapediatrics.2024.1701
https://doi.org/10.1056/NEJMoa1414293
https://doi.org/10.1056/NEJMsa1715757
https://doi.org/10.2307/2937956
https://doi.org/10.2196/38339
https://doi.org/10.1002/bdm.2301
https://doi.org/10.3390/ijerph20010584
https://doi.org/10.1056/NEJM200006223422507
https://www.ncbi.nlm.nih.gov/pubmed/10861325
https://www.ncbi.nlm.nih.gov/pubmed/27354804
https://doi.org/10.1016/j.jneb.2018.11.008
https://www.ncbi.nlm.nih.gov/pubmed/30638880
https://doi.org/10.1096/fasebj.30.1_supplement.409.3
https://clearhealthcosts.com/


Nutrients 2024, 16, 3363 17 of 17

39. Malik, F.; Chen, T.; Manzueta, M.; Yi-Frazier, J.; Pihoker, C.; Leblanc, J.L.; Shah, S.K.; Wright, D. 49-LB: Use of Financial Incentives
to Promote Adolescent Type 1 Diabetes Self-Management—A Pilot Randomized Controlled Trial. Diabetes 2022, 71 (Suppl. S1),
49-LB. [CrossRef]

40. Weiss, D.; Sczesny, S.; Freund, A.M. Wanting to get more or protecting one’s assets: Age-differential effects of gain versus loss
perceptions on the willingness to engage in collective action. J. Gerontol. Ser. B Psychol. Sci. Soc. Sci. 2016, 71, 254–264. [CrossRef]

41. Dumontheil, I. Development of abstract thinking during childhood and adolescence: The role of rostrolateral prefrontal cortex.
Dev. Cogn. Neurosci. 2014, 10, 57–76. [CrossRef]

42. Ho, M.; Garnett, S.P.; Baur, L.A.; Burrows, T.; Stewart, L.; Neve, M.; Collins, C. Impact of dietary and exercise interventions on
weight change and metabolic outcomes in obese children and adolescents: A systematic review and meta-analysis of randomized
trials. JAMA Pediatr. 2013, 167, 759–768. [CrossRef]

43. Jones, A.M.; Keihner, A.; Mills, M.; MkNelly, B.; Khaira, K.K.; Pressman, J.; Scherr, R.E. Measuring skin carotenoids using
reflection spectroscopy in a low-income school setting. Nutrients 2021, 13, 3796. [CrossRef]

44. Pitts, S.B.J.; Jahns, L.; Wu, Q.; Moran, N.E.; Bell, R.A.; Truesdale, K.P.; Laska, M.N. A non-invasive assessment of skin carotenoid
status through reflection spectroscopy is a feasible, reliable and potentially valid measure of fruit and vegetable consumption in a
diverse community sample. Public Health Nutr. 2018, 21, 1664–1670. [CrossRef] [PubMed]

45. Alkhatib, A.; Obita, G. Childhood Obesity and Its Comorbidities in High-Risk Minority Populations: Prevalence, Prevention and
Lifestyle Intervention Guidelines. Nutrients 2024, 16, 1730. [CrossRef] [PubMed]

46. Obita, G.; Burns, M.; Nnyanzi, L.A.; Kuo, C.-H.; Barengo, N.C.; Alkhatib, A. Childhood obesity and comorbidities-related
perspective and experience of parents from Black and Asian minority ethnicities in England: A qualitative study. Front. Public
Health 2024, 12, 1399276. [CrossRef] [PubMed]

47. Obita, G.; Alkhatib, A. Effectiveness of lifestyle nutrition and physical activity interventions for childhood obesity and associated
comorbidities among children from minority ethnic groups: A systematic review and meta-analysis. Nutrients 2023, 15, 2524.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.2337/db22-49-LB
https://doi.org/10.1093/geronb/gbu098
https://doi.org/10.1016/j.dcn.2014.07.009
https://doi.org/10.1001/jamapediatrics.2013.1453
https://doi.org/10.3390/nu13113796
https://doi.org/10.1017/S136898001700430X
https://www.ncbi.nlm.nih.gov/pubmed/29455692
https://doi.org/10.3390/nu16111730
https://www.ncbi.nlm.nih.gov/pubmed/38892662
https://doi.org/10.3389/fpubh.2024.1399276
https://www.ncbi.nlm.nih.gov/pubmed/39175897
https://doi.org/10.3390/nu15112524

	Introduction 
	Materials and Methods 
	The Groups 
	Inclusion Criteria 
	Exclusion Criteria 
	Data Management 
	Statistical and Sensitivity Analysis 
	Sample Size Calculation 
	Institutional Approval and Consent 

	Results 
	Group Comparisons 
	Economic Analysis 

	Discussion 
	Limitations 
	Conclusions 
	References

