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Implications
Practice: Initial body weight should be taken into 
consideration when recommending the type and 
nature of weight loss treatments for young adults. 
Lower intensity or lower “touch” treatments, such as 
those delivered via digital channels, may be of suf-
ficient intensity for young adults with overweight. 
Young adults with obesity (body mass index [BMI] 
>30) may need a stepped care or precision medicine 
approach that involves greater intensity and contact.

Policy: Screening based on BMI should be in-
cluded as part of primary care and university 
prematriculation physical examinations with 
young adults being offered tailored treatment re-
commendations based on weight status.

Research: Further research is needed to better 
understand the behavioral and psychosocial 
factors that predict engagement in weight loss 
programs, as well as the optimization of precision 
or stepped care approaches that could be more 
effective for young adults with obesity.

Lay summary

Few large-scale weight loss studies have specifically 
focused on young adults. Young adults have not 
been as successful in weight loss clinical trials as their 
older adult counterparts. This study is an 18 month 
randomized controlled trial comparing two digital 
weight loss programs adapted for young adults (one 
with personalized material and the other with generic 
material) to a control group. There were no differ-
ences in weight loss between the groups at any time 
point when looking at the entire sample. However, we 
found that initial body mass index (BMI) interacted 
with treatment group such that those young adults in 
the lowest BMI category who received one of the two 
digital weight loss programs lost more weight than the 
control group. We also found that of participants who 
were highly engaged (specifically completing at least 
66% of the materials), those in the personalized group 
lost more weight than the control group at 6 and 
12 months, along with a similar advantage over those 
receiving the generic materials at 12  months. The 
findings indicate that young adults with obesity (BMI 
>30) may need a stepped care or precision medicine 
approach that involves greater intensity and contact.
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Abstract
Weight loss outcomes among young adults in technology-
based programs have been equivocal. The purpose of this 
study was to deliver digital weight loss treatments to young 
adults and examine the 6, 12, and 18 month effects on 
weight loss. Young adults with overweight/obesity (N = 459; 
23.3 ± 4.4 years) were recruited from two university sites 
and randomly assigned to receive through Facebook and text 
messaging either personalized (TAILORED; n = 150) or generic 
(TARGETED; n = 152) weight loss information, messages, and 
feedback or general healthy body content (e.g., body image, 
sleep; CONTROL; n = 157). The study was powered to detect 
a 2.1-kg difference at all time points with the primary outcome 
being 18 months. There was no overall effect of treatment 
group on 6, 12, or 18 month weight loss (ps = NS). However, 
at 6 months, those in TAILORED who were highly engaged 
(completing >66%) lost more weight compared to CONTROL 
(−2.32 kg [95% confidence intervals: −3.90, −0.74]; p = .004), 
with the trend continuing at 12 months. A significant baseline 
body mass index (BMI) by treatment group interaction 
(p = .004) was observed at 6 months. Among participants 
in the lowest baseline BMI category (25–27.5 kg/m2), those 
in TAILORED lost 2.27 kg (−3.86, −0.68) more, and those in 
TARGETED lost 1.72 kg (−3.16, −0.29) more than CONTROL 
after adjusting for covariates. Among participants with a BMI 
between 27.5 and 30 kg/m2, those in TAILORED lost 2.20 kg 
(−3.90, −0.51) more than participants in TARGETED. Results 
did not persist over time with no treatment interaction at 12 
or 18 months. Initial body weight should be considered when 
recommending weight loss treatments for young adults. More 
intensive interventions or stepped care approaches may be 
needed for young adults with obesity.
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INTRODUCTION
The prevalence of obesity (body mass index [BMI] 
≥30 kg/m2) among young adults (aged 20–39 years) 
living in the USA is currently estimated at 40% 
among this age group [1]. Obesity in young adult-
hood tracks into middle age and older age, thereby 
increasing the lifetime burden of chronic diseases, 
such as metabolic syndrome, Type 2 diabetes, and 
cardiovascular disease [2, 3]. The transition from 
adolescence to early adulthood may be a particularly 

applyparastyle "fig//caption/p[1]" parastyle "FigCapt"
applyparastyle "fig" parastyle "Figure"
applyparastyle "article/front/article-meta/contrib-group/affiliation/aff " parastyle "Affiliation"

Effect of tailoring on weight loss among young adults 
receiving digital interventions: an 18 month randomized 
controlled trial
Melissa A. Napolitano,1,2 Jessica A. Whiteley,3 Meghan Mavredes,1 Ashley Hogan Tjaden,4 
Samuel Simmens,5 Laura L. Hayman,3 Jamie Faro,6 Ginger Winston,1,7 Steven Malin,8 Loretta DiPietro2 

Correspondence to: M. A. 
Napolitano, mnapolitano@gwu.edu

Cite this as: TBM 2021;11:970–980
doi: 10.1093/tbm/ibab017

© Society of Behavioral Medicine 
2021. All rights reserved. For  
permissions, please e-mail: journals.
permissions@oup.com.

mailto:mnapolitano@gwu.edu?subject=


ORIGINAL RESEARCH

TBM page 971 of 980

vulnerable time for excessive weight gain as major 
life changes and time-consuming obligations often 
disrupt the ability to be physically active or to eat 
healthy, and unhealthy behaviors adopted at this 
time become more difficult to alter as people get 
older [4, 5]. Young adulthood, therefore, is an op-
portune time for mitigating the risk of excessive 
weight gain and associated cardiometabolic disease.

Young adults have not been as successful in weight 
loss programs as have their older counterparts [6]. 
The EARLY trials were a consortium of research 
trials funded by the National Institutes of Health to 
address obesity among young adults aged 18–35 [7]. 
Of the seven funded trials, only three focused on 
weight loss [8–10] and reported significant 6 month 
weight loss differences between the intervention and 
the control groups of −1.33 kg (Project SMART [10]); 
−1.92 kg (CITY Trial [8]); and −3.5 kg (Standard) 
and −5.9 kg (Enhanced; IDEA Trial [9]). The inter-
ventions listed above included group and individual 
in-person contact [8, 9], as well as health educator 
telephone contacts [10]. In contrast, the intervention 
delivered solely via a cellphone app in the CITY 
trial [8] did not result in significantly different weight 
loss compared with the control group (−0.87 kg vs. 
−1.14 kg at 6 months). Technology-based programs 
may appeal to young adults given the uptake in this 
population segment [11] and may address barriers 
such as time, cost, and preference for the receipt of 
information [12, 13], with trials indicating success 
of technology-based weight loss programs for col-
lege students (e.g., [14, 15]). However, examining 
digital interventions for delivering weight loss treat-
ments specifically to young adults remains a largely 
underdeveloped area.

While technology can allow for scalable interven-
tions, a key element of effective interventions is how 
to deliver persuasive messages using digital chan-
nels. Health communication messaging strategies de-
livered through these channels can be classified as 
targeted (generic based on an audience characteristic) 
or tailored (personalized based on individual charac-
teristics or assessment) [16, 17]. Targeted messages 
are developed with a “one-size-fits-all” approach and 
are designed to be appealing to a broad segment. 
Tailored messaging involves a level of personaliza-
tion to deliver messaging relevant to one specific 
individual [18]. Tailored interventions have been 
shown to outperform nontailored [19], potentially 
due to the salience of the message, greater perceived 
relevance, and enhanced motivation to process the 
message or behavior change [20]. However, there are 
considerations associated with delivering targeted or 
tailored interventions, such as the ability to reach a 
broad audience, development and implementation 
cost, and participant time and burden [21].

The use of technology for delivering health infor-
mation to young adults presents novel opportunities 
to disseminate evidence-based weight programs 

that have been adapted to a digital platform [22]. 
Unfortunately, there is a paucity of information on 
the effectiveness of digital strategies for weight loss 
in this age group, as well as for whom these interven-
tions might be most effective. Commercially avail-
able platforms, such as a Facebook, can be used to 
deliver intervention content. However, the amount 
of tailoring and personalization needed with these 
digitally delivered interventions is not clear and 
may vary by participant characteristics like age, sex, 
or by weight status itself. Thus, the purpose of this 
study was to determine the differential effects over 
18  months of either a tailored or targeted weight 
loss intervention compared with a general health 
education control condition, with all three arms 
being delivered digitally via Facebook and SMS 
text messaging. The primary hypothesis was that 
both treatment interventions would be successful in 
reducing body weight, with the tailored treatment 
resulting in greater weight loss (5%) compared with 
the targeted (2.5%) or control conditions due to its 
greater specificity and personalization. The study 
was powered to detect a 2.1-kg difference at all time 
points with the primary outcome being 18 months.

METHODS

Participants
Participants were recruited from the George 
Washington University and the University of 
Massachusetts Boston by mass e-mailings, flyers, 
and in-person events [23] between 2015 and 2018. 
Eligible participants had a measured BMI between 
25 and 45  kg/m2, were between 18 and 35  years 
of age and a university student (undergraduate or 
graduate) in the Washington, DC, or Boston areas, 
and had no known contraindications for participating 
in weight loss and physical activity. Furthermore, 
they were active on Facebook (indicated by a log-in 
within the prior month) with regular text message 
access and were fluent in English. Additional in-
formation on study design and inclusion/exclusion 
criteria has been described elsewhere [24]. The re-
cruitment strategies yielded 5,731 respondents, with 
584 being invited for an orientation session, 513 eli-
gible for randomization, and 460 randomly assigned 
to one of three treatment arms (Fig. 1). One partici-
pant was determined to be ineligible following ran-
domization and did not initiate treatment, leaving 
an analysis sample of 459. The study was registered 
on clinicaltrials.gov (NCT02342912). Study parti-
cipants provided written informed consent and all 
study procedures were approved by the institutional 
review boards of both universities.

Measures
Sociodemographic characteristics of the partici-
pants were obtained via self-report at baseline. 
Physical activity, dietary, and cardiometabolic 
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assessments were also collected [24]. Weight and 
height were measured at baseline and again at 6, 
12, and 18 months using a digital scale (Seca Model 
769) and standard portable stadiometer. All meas-
ures were taken in duplicate after participants re-
moved bulky outer clothing and shoes. Weight 
was recorded to the nearest 0.2 kg and height was 

recorded to the nearest 0.1 cm. During the majority 
of the trial, weight was measured in a fasted state 
at baseline, Month 6 ,and Month 18 due to accom-
panied blood draws. However, at Month 12, weight 
was measured in a postprandial state for some par-
ticipants. Body mass index then was calculated as 
kilograms per square meter. For those participants 

Fig 1 | Consort flow diagram for 18 months.
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Fig 1 | Consort flow diagram for 18 months.

unable to attend a clinic visit due to moving from 
the area (M06: n  =  2, M12: n  =  5, M18: n  =  11), 
a virtual weight visit was conducted via live or 
prerecorded video call in which the participant cali-
brated his/her scale with a known weight and then 
self-weighed.

Procedures and overview of interventions
Following baseline clinic-measured height and 
weight, a block randomization, stratified by study 
site and BMI group (<30 or ≥30 kg/m2), was im-
plemented via the REDCap [25] randomization 
function. Participants were randomly assigned 
to one of three digitally delivered intervention 
groups. Two of the interventions (TARGETED 
and TAILORED) were weight loss focused and 
included content adapted from the Diabetes 
Prevention Program (DPP) for online delivery to 
young adults. Participants in both of the weight 
loss interventions were given calorie, weight loss 
[26], and physical activity goals at each of the as-
sessment visits. The initial weight loss goal was 
7%, with a calorie goal range from 1,200 to 2,000 
depending on initial body weight, and recommen-
dation to build up to 250  min of moderate-to-
vigorous physical activity per week. Participants 
also were given self-monitoring tips and a list 
of apps for tracking. The third intervention 
(CONTROL) included wellness content related to 
healthy body weight in young adults (e.g., sleep, 
stress, and body image). All three interventions 
included a Facebook delivery component, text 
messaging, and weekly reports and were delivered 
over an 18  month period. All participants were 
sent a “friend” request and were enrolled in a pri-
vate Facebook group corresponding to their group 
assignment. Participants were also given Facebook 
privacy settings recommendations. There were a 
total of 38 content delivery cycles (weekly during 

the first 6  months, biweekly for Months 7–9, 
monthly for Months 10–12, and bimonthly for 
Months 13–18); all intervention components were 
delivered during these cycles. For more details on 
these procedures, see [removed to ensure blinded re-
view] [24].

Intervention descriptions
TARGETED intervention (n = 152). Each week, con-
tent was posted to Facebook on 5 days. Postings in-
cluded: (a) a didactic video (range: 1:30–7:42 min) 
summarizing the adapted DPP-lesson topic for the 
week with handouts to accompany the didactic 
video; (b) a peer-led video (range: 0:29–13:09 min), 
which depicted a prescripted situation of young 
adults modeling a key behavioral skill or problem-
solving message; (c) a poll or discussion; (d) wrap-up 
and live moderated session; and (e) a reminder to 
review the weekly report. Sample didactic lesson 
topics included: Tip the Calorie Balance; Jumpstarting 
Your Activity Plan; and Ways to Stay Motivated. The pri-
vate Facebook groups were monitored by study staff 
to validate participation (e.g., “liking” a participant’s 
post) and for inappropriate postings. Additionally, 
participants received text messaging each day. The 
purpose of the text messaging was to reinforce the 
self-monitoring and provide tips about monitoring 
(e.g., “Set up an announcement on ur computer 
asking if u self-monitored today, that way u can’t 
miss it”) and high-risk weight related behaviors, 
such as prolonged sitting, late night snacking, por-
tion size (e.g., “U might feel the urge to late night 
eat bc ur bored! Call a friend to chat to keep u occu-
pied”; Table 1 for the timing and nature of the text 
messages). For the Targeted group, self-monitoring 
questions were generic (i.e., What did you monitor 
[weight, calories, and physical activity minutes]?), 
and high-risk behavior tips were randomly selected 
from a pregenerated list. At the end of each content 

Table 1 | Text message type and frequency by treatment group

SMS message type Targeted  Tailored Control 

Tips related to monitoring 2 texts per week 2 texts per week 2 texts per week
Prompts  

related to  
self-
monitoring

Query regarding which  
behaviors were  
monitored

1 text per week 
(W, C, P)

2 texts per week (W, C, P) 1 text per week 
(M, E, B)

Prompt for data to drive 
tailored messaging

– 6 texts per week  
AM reminder (n = 3/week)/ 

PM prompt for data (n = 3/week)

–

Feedback on the number 
of days successfully 
submitted monitoring 
data

 1 text per week  

Tips to address high-risk weight loss behaviors 2 texts per week 
(general)

2 texts per week (personalized) 2 texts per week 
(general)

Reminder to review Facebook content 2 texts per week 2 texts per week 2 texts per week
Total number of days per week receiving a text for all groups was 7. The total number of outgoing texts per week was 7 for targeted and control and 15 for tailored.
B, body image; C, calories; E, energy; M, mind; P, physical activity minutes; W, weight. 
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week, participants received a report summarizing 
the topic for the week. For further detail on the 
intervention and sample, content see [removed to en-
sure blinded review] [24].

TAILORED intervention (n = 157). The Facebook com-
ponent was the same as that in the TARGETED inter-
vention group. Similar to the TARGETED group, 
text messaging was centered on self-monitoring and 
high-risk eating behaviors. The TAILORED group 
received text messaging with specific prompts to 
report weight, calorie, and minutes of physical ac-
tivity. This information was used to generate a per-
sonalized feedback report that included individual 
weight and physical activity progress. Tips on 
high-risk behaviors for the TAILORED group were 
delivered based on participant’s own selection of be-
haviors they anticipated to be most challenging. The 
TAILORED intervention provided personalized, 
specific feedback that was delivered via a weekly 
personal report. At the completion of each content 
week, participants received a report that included a 
summary of the weekly topic, as well as their person-
alized, specific feedback on their progress.

CONTROL (n = 157). Participants in the CONTROL 
group received general healthy body content on 
three branded topic areas, mind, body, and energy. 
Sample weekly topics included Technology and Your 
Sleep, Building Body Attitude, and Signs of Stress. The con-
tent was educational rather than focused on specific 
behavior change. The Facebook delivery and content 
structure were the same as that for the TARGETED 
intervention group and, similar to the TARGETED 
group, text messaging was centered on generic self-
monitoring and tips. At the end of each content week, 
participants received a report summarizing the topic 
for the week.

Intervention fidelity for all three groups was de-
termined by monitoring participant engagement 
with the three main components of program de-
livery: (a) accessing the Facebook group (i.e., seeing, 
liking/loving, or commenting on a Facebook post); 
(b) responding to text messages; and (c) viewing 
weekly reports. Participants were contacted for 
nonengagement at prespecified intervals. A weekly 
engagement score was assigned that ranged from 0 
to 3, depending upon the number of components 
a participant completed. A total engagement score, 
range 0–114, was calculated for all 38 content weeks. 
Retention strategies were employed, which included 
incentives for attending study measurement visits 
and additional incentives (e.g., travel vouchers and 
raffle prizes).

Statistical analysis plan
Univariate descriptive statistics are presented as 
mean ± standard deviation [SD], frequencies (%), or 

median [interquartile range] for nonnormally dis-
tributed data. Tests of group differences, including 
interactions, were modeled through constrained lon-
gitudinal data analysis [27]. This method is similar 
to applying an analysis of covariance at each time 
point while controlling for baseline values but is 
typically better [28] in accounting for missing data 
under the commonly applied “missing at random” 
assumption. In addition to constraining baseline 
weight as equal across the three groups, age, height, 
sex, and study site were included as covariates. 
Potential biases due to missing outcome data 
were assessed visually by comparing the longitu-
dinal curves for those lost to follow-up after 6 and 
12  months with those having complete outcome 
data through 18 months. Influential cases were iden-
tified through the examination of the distribution of 
the following regression-based influence statistics: 
(a) the restricted likelihood distance; (b) Cook’s D; 
and (c) the PRESS statistic.

To examine whether intervention effects would 
vary by initial body weight status, the longitudinal 
mixed-model regression described above was re-
peated by removing height and adding a third-
order interaction term of baseline BMI × Study 
group × Follow-up visit in an exploratory analysis. 
Statistically significant interaction results were fol-
lowed by the Johnson–Neyman technique [29], 
which provided an estimate of the cut point of base-
line BMI where treatment effects become statistic-
ally significant. Based on the observed distribution 
of engagement scores and a literature review, high 
engagement was defined as the top tertile of scores, 
corresponding to engaging with 66% of the content.

The current trial was powered to detect a mean 
difference in weight loss of 2.1 kg between any two 
groups at any of the three follow-up times with the 
primary outcome being 18 months. A prepost cor-
relation of r = .91 was assumed along with a within-
group SD of 12 kg, and a desired statistical power of 
β = 0.80. Analyses were conducted in SAS 9.4 (with 
STAT/STAT version 14.3) and R, with the primary 
outcome at an alpha level (two-sided) of α = 0.016 
based on a Bonferroni adjustment for three paired 
comparisons for the primary hypothesis. For sec-
ondary exploratory outcomes, p-values <.05 were 
considered statistically significant without adjust-
ments made for multiple tests.

RESULTS
Demographic and anthropometric baseline charac-
teristics were similar across the three study groups 
(Table 2). Of the 459 eligible randomized partici-
pants, 77%, 69%, and 62% had primary outcome data 
at the 6, 12, and 18 month visits, respectively (Fig. 1).  
Retention rates were similar for the three groups: 
57%, 59%, and 69% for TAILORED, TARGETED, 
and CONTROL at 18 months, respectively.
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A descriptive analysis of baseline demographic 
variables, weight, and BMI revealed that partici-
pants without any follow-up data (baseline visit only) 
were more likely to be younger (p  =  .006), under-
graduates (p  =  .008), and underactive (<150  min/
week of moderate-to-vigorous intensity physical ac-
tivity; p = .015) compared with those who had data 
at any time point. For each of the three study groups, 
mean weight trends were compared descriptively 
between participants who dropped out at different 
times. These trends were similar for the TAILORED 
and CONTROL groups, but TARGETED partici-
pants who dropped out after 6 months showed an 
average weight gain during the 0–6  month period 
compared to a weight loss among those who remain 
in the study. Influence statistics generated through 
mixed-model regression analyses identified two 
values for body weight that were potentially influ-
ential on model coefficients. When those values 
were deleted from the primary analysis on body 
weight, the findings were not substantively different. 
Therefore, these two values were retained in the re-
ported analyses.

Main effects
Full sample
Unadjusted change in body weight is displayed in 
Supplementary Table 1. Adjusted trends in body 
weight over the follow-up by study group are dis-
played in Fig. 2A and Supplementary Table 2. 
As indicated, the TAILORED group showed a 
slightly steeper decline in weight between base-
line and 6 months compared with the other two 
groups: −0.06 kg (95% confidence intervals [CIs]: 
[−1.05, 0.92]) versus TARGETED and −0.67  kg 
(95% CIs [−1.68, 0.34]) versus CONTROL; how-
ever, these differences were not statistically 
significant. By 18  months, any apparent advan-
tage in weight loss for the TAILORED group 
disappeared.

Highly engaged participants only
We then repeated the longitudinal analysis of main 
effects among only the study participants who 
showed evidence of substantial engagement (de-
fined as accomplishing at least 66% of the study 

Table 2 | Study participant characteristics by study group

All Tailored Targeted Control

 N N N N
Demographics
 Age (years) 459 23.3 ± 4.4 150 23.4 ± 4.4 152 23.5 ± 4.4 157 22.9 ± 4.4
 Sex
  % Male  98 (21.4%)  26 (17.3%)  33 (21.7%)  39 (24.8%)
  % Female  361 (78.6%)  124 (82.7%)  119 (78.3%)  118 (75.2%)
 Race/ethnicity         
  % African American  91 (19.8%)  33 (22.0%)  36 (23.7%)  22 (14.0%)
  % Non-Hispanic White  225 (49.0%)  70 (46.7%)  76 (50.0%)  79 (50.3%)
   % Asian/Hawaiian 

Pac. Is.
 43 (9.4%)  13 (8.7%)  13 (8.6%)  17 (10.8%)

  % Hispanic (any race)  62 (13.5%)  23 (15.3%)  20 (13.2%)  19 (12.1%)
   % Multiracial/unknown/ 

refused
 38 (8.3%)  11 (7.3%)  7 (4.6%)  20 (12.7%)

 Academic year
  % Undergraduate  274 (59.7%)  89 (59.3%)  87 (57.2%)  98 (62.4%)
  % Graduate  185 (40.3%)  61 (40.7%)  65 (42.8%)  59 (37.6%)
 School
  % GWU  234 (51.0%)  77 (51.3%)  76 (50.0%)  81 (51.6%)
  % UMB  225 (49.0%)  73 (48.7%)  76 (50.0%)  76 (48.4%)
Anthropometrics
 BMI (kg/m2) 459 31.2 ± 4.4 150 31.6 ± 4.6 152 31.1 ± 4.4 157 31.0 ± 4.3
 BMI category 
  % <30  225 (49.0%)  72 (48.0%)  75 (49.3%)  78 (49.7%)
  % ≥30  234 (51.0%)  78 (52.0%)  77 (50.7%)  79 (50.3%)
 MVPA per day 408 44.5 ± 23.8 137 44.3 ± 20.3 138 42.0 ± 24.0 133 47.3 ± 26.7
 MVPA per day
  % <150  113 (24.6%)  27 (18.0%)  42 (27.6%)  44 (28.0%)
  % 150 to <300  153 (33.3%)  57 (38.0%)  50 (32.9%)  46 (29.3%)
  % ≥300  193 (42.0%)  66 (44.0%)  60 (39.5%)  67 (42.7%)
 Total caloric intake 452 1,827.2 ± 696.1 148 1,883.9 ± 625.7 149 1,757.1 ± 675.3 155 1,840.5 ± 774.0
BMI, Body Mass Index; GWU, The George Washington University; MVPA, moderate-to-vigorous physical activity; UMB, University of Massachusetts Boston.

http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibab017#supplementary-data
http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibab017#supplementary-data
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intervention components [n  =  146]). Among the 
subset of participants with high engagement at 6 
(n = 137), 12 (n = 127), and 18 months (n = 114), 
global p-values for treatment group differences 
were p = .01 at 6 months, p = .06 at 12 months, and 
p = .33 at 18 months. Among this subset of partici-
pants with high engagement, the TAILORED group 
lost significantly more weight compared with the 
CONTROL group at 6 months (−2.32 kg, 95% CIs 
[−3.90, −0.74]; p = .004). At 12 months, there was a 
similar advantage for the TAILORED group versus 
CONTROL (−2.28  kg, 95% CIs [−4.55, −0.01]; 
p = .05), as well as an advantage for the TAILORED 
group over the TARGETED group (−2.36, 95% CIs 
[−4.61, −0.10]; p  =  .04). These between-group dif-
ferences disappeared by 18  months (Fig. 2B and 
Supplementary Table 2).

Effect modification by baseline BMI
We observed a statistically significant interaction be-
tween baseline BMI and study group at 6 months 
(p = .005) but not at 12 (p = .343) or 18 (p = .059) 
months. We then used the Johnson–Neyman tech-
nique on the 6 month data to identify a cut point 
of baseline BMI that may have given a weight loss 

advantage to one study group over another. This 
technique identified that when baseline BMI is 
30.1 kg/m2 or greater, neither treatment group was 
superior to the CONTROL condition. To illustrate 
this interaction, the study sample was divided ac-
cording to a BMI <30 or BMI ≥30 kg/m2, and then 
those with a BMI <30 kg/m2 were divided again into 
two similarly sized groups. As indicated in Fig. 3 
and Supplementary Table 2 among those with the 
lowest BMI (25 to <27.5 kg/m2) (n = 84), both the 
TAILORED (−2.27  kg, 95% CIs [−3.86, −0.68]; 
p  =  .006) and the TARGETED groups (−1.72  kg, 
95% CIs [−3.16, –0.29]; p = .02) experienced greater 
weight losses at 6  months compared with the 
CONTROL group. Among those with a baseline 
BMI between 27.5 and <30 kg/m2 (n = 87), only the 
TAILORED intervention appeared superior to the 
TARGETED intervention for weight loss (−2.20 kg, 
95% CIs [−3.90, −0.51]; p = .01). Among those with 
a BMI >30 kg/m2 (n = 183), weight loss at 6 months 
was similar for the three study groups. Although 
the global interaction tests at 12 and 18 months did 
not reach statistical significance, among those in 
the lowest baseline BMI category, there was a trend 
for greater weight loss or attenuated weight gain in 

Fig 2 | Study main effects for the full sample and highly engaged participants. *p < .05 for the pairwise comparison. Panel A shows ad-
justed mean weight differences for the full sample. No statistically significant differences were found between the treatment groups. Panel 
B shows adjusted mean weight differences among the engaged participants (66%+ engagement). Among this highly engaged subset, the 
TAILORED group lost more weight than the CONTROL group at 6 and 12 months, along with a similar advantage over the TARGETED group 
at 12 months. By 18-months, these differences were no longer significant.

http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibab017#supplementary-data
http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibab017#supplementary-data
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the TAILORED group compared with the other 
two groups.

DISCUSSION
Digital delivery of interventions can mitigate time-, 
travel-, and stigma-related barriers to in-person de-
livery. Despite showing feasibility of delivering an 
adapted DPP program to young adults via digital 

channels, results from this trial were not as hypothe-
sized. We observed no main effects of treatment 
on weight loss at 6, 12, or 18 months; however, we 
did observe a significant interaction between treat-
ment and baseline BMI at 6  months, indicating 
that the TAILORED and TARGETED interven-
tions were successful only in those participants with 
a BMI <30 kg/m2 at the start of the study. Similar 
findings were noted in a workplace sample with 

Fig 3 | Adjusted mean weight change by study group according to baseline body mass index (BMI) category. *p < .05 for the pairwise 
comparison. This figure depicts the interaction between baseline BMI category and treatment group at the three follow-up time points. 
As indicated in Panel A, at 6 months among those in the lowest BMI category, both the TAILORED and the TARGETED groups experienced 
greater weight losses compared with the CONTROL group. Similarly, among those in the middle BMI category, the TAILORED intervention 
participants experienced greater weight losses than the TARGETED. There were no differences found among those with a BMI >30 kg/m2 or 
at the 12 or 18 month follow-up time points.



ORIGINAL RESEARCH

page 978 of 980 TBM

those of achieving 5% weight loss at 1 year having 
lower-median BMIs compared with those who did 
not meet the 5% threshold [30]. This effect modifi-
cation by BMI suggests that a greater intervention 
dose (e.g., physical activity and/or caloric restric-
tion, more in-depth problem solving) or different 
modality (e.g., video chat versus text) [31] may have 
been necessary to induce and sustain meaningful 
weight loss in those with obesity. This is consistent 
with other findings that those with BMIs <35 had 
better weight loss outcomes with self-directed treat-
ment, whereas BMI did not moderate the effect 
for a counselor-led intervention [32]. Those who 
have more established obesity may require “preci-
sion medicine” [33] (i.e., individualization based 
on biological, lifestyle, or environmental factors) 
or “stepped care” [34] (i.e., customization based on 
weight progress) approaches. It also may be possible 
that those with obesity had greater outcome expect-
ations for behaviors that lead to weight loss and may 
have become discouraged when their expectations 
were not met [35]. This interaction effect was not 
observed at 12 or 18 months, however, and presum-
ably reflects the difficulties of maintaining weight 
loss that have been reported previously [36].

Engagement was an important determinant of 
weight loss success at 6 months among those in the 
TAILORED group, regardless of weight status. This 
is similar to the findings from others [37–39], with 
greater engagement with intervention components 
being associated with better weight loss outcomes. 
Indeed, engagement in at least 66% of the person-
alized interventions resulted in significantly greater 
weight loss than the CONTROL group at 6 months, 
with the trend continuing at 12  months but 
disappearing by 18 months. However, these results 
may have been due to the earlier dropout of partici-
pants who were gaining weight. With content that is 
delivered remotely, innovative methods are needed 
to support those who may lose interest in the study 
content or who are less successful with their weight 
loss goals. These methods can include gamification, 
such as badges, competitions, or leaderboards, or 
engaging video content, such as storylines [40].

The current trial resulted in weight losses com-
parable to other technology-based weight loss 
studies among young adults. A systematic review of 
technology-based weight loss programs among adults 
aged 18–25 reported a pooled weight loss of about 
2.96 kg for those interventions combining dietary, 
physical activity, and motivational skills training [41]. 
Studies reporting greater amounts of weight loss [9] 
used technology to supplement in-person treatment. 
We delivered the interventions digitally through 
Facebook and text messaging, thereby offering a po-
tentially scalable and cost-effective method of treat-
ment. Facebook was chosen as the delivery portal 
for three reasons: (a) at the time of study initiation, it 
was the most widely used social networking platform 

among our participants; (b) it permitted delivery of 
intervention through a channel young adults were 
already using; and (3) it allowed for both posting 
of videos and handouts while mimicking the social 
support provided by in-person weight loss groups. 
Given that Facebook is losing popularity among the 
younger generations and the challenges with using 
an external commercial platform (i.e., changes to 
security and limitations on the format of postings), 
future studies may consider different delivery chan-
nels. For instance, data published online in 2019 
indicate about 90% of young adults use YouTube, 
which could be used to deliver didactic and video-
based content [42].

Weight gain among young adults is a significant 
concern [43, 44]. National data [44] and those 
from a longitudinal trial indicate that those adults 
<25 years of age who were assigned to the control 
group and received no intervention gained as much 
as 7.5  kg over a 6  year period [43]. In our study, 
among those who started in the lowest BMI category 
and in whom engagement was >66%, percentage 
weight loss averaged about 2.6%. This small amount 
of weight loss can be beneficial: the Look AHEAD 
study reported improvements in cardiometabolic 
risk factors (i.e., systolic blood pressure, glucose, 
HbA1c, and triglycerides) beginning at a weight 
loss threshold of 2% [45]. Thus, even small weight 
losses should be considered in the context of both 
mitigating significant weight gain and preventing 
cardiometabolic disease.

There are a number of strengths to this trial, 
including the randomized, controlled study design. 
Body weight was measured via in-person assessment 
visits or validated by video recording and calibrated 
scales, and height was reassessed at each clinic visit 
to account for any changes. Also, the intervention 
and messages were automated and delivered digi-
tally with the exception of provision of calorie, 
weight, and physical activity goals at the assessment 
visits, thereby making this a potentially cost-effective 
delivery method for future weight loss studies.

We note the limitations to this study that may put 
our findings in context. First, despite treatment fi-
delity and retention strategies, primary outcome data 
were available for only 62% of the sample. Recruiting 
and retaining young adults in digital interventions 
presents a number of challenges due to their mobility, 
school, work and social demands, and life transitions. 
We attempted to mitigate these issues related to mo-
bility by implementing virtual weight visits. However, 
retaining young adults in weight loss clinical trials re-
mains challenging as young adults have multiple de-
mands on their time and the health consequences of 
overweight and obesity may seem distal, which some 
have termed “the young invincible” [46]. Retention 
was greater in older students, suggesting that they 
may have placed more importance on their excess 
body weight and health. The difficulty in retaining 



ORIGINAL RESEARCH

TBM page 979 of 980

young adults in digital interventions may reflect a 
population trend in the use of digital programs. For 
example, among downloaded apps in 2019, 25% were 
used only once [47]. This difficulty may also reflect 
the diversification of digital platforms used by young 
adults. Pew Research Center data from 2019 indicate 
that 91% of 18–29 year olds reported using YouTube, 
79% reported using Facebook, 67% reported using 
Instagram, and 62% reported using Snapchat, among 
other popular outlets (e.g., Twitter, Reddit, and 
WhatsApp) [48]. The use of multiple outlets may di-
lute engagement with digital interventions delivered 
through these sources. We also noted that those par-
ticipants assigned to the TARGETED group who 
gained weight from baseline to 6 months were more 
likely to be lost to follow-up. We suspect that there 
may have been an interaction between the delivery 
of a content-only intervention along with participant 
outcome expectation of more weight loss such that as 
a participant gained weight, they could have become 
discouraged and dropped out of the study. Both out-
come expectations of lower ideal body weight and 
greater initial weight loss success have been shown 
to predict dropout [49, 50]. This further substanti-
ates the importance of precision medicine or stepped 
care approaches for weight loss among those individ-
uals needing more intensive and targeted treatment. 
While we obtained weight in a fasted state at baseline, 
Month 6, and Month 18 for most participants, some 
at Month 12 who were providing a virtual weight 
may have done so in a nonfasted state. Since this is 
a randomized trial, we assume any misclassification 
or measurement error was equal across all treatment 
groups. The sample was 79% female and 49% non-
Hispanic white; the results may not generalize to 
men or other races or ethnicities not represented in 
the current sample. Finally, the study sample was re-
cruited from two urban university settings and, there-
fore, results may not apply to young adults who do 
not attend college or graduate school or to those with 
lower educational attainment. While we do not have 
a measure of socioeconomic status, approximately 
66% of the students at one of our recruitment sites 
are first-generation college students [51].

CONCLUSION
Obesity in young adulthood tracks into middle 
and older age and increases the lifetime burden of 
chronic disease. Young adulthood is an ideal time 
for learning weight loss and maintenance behav-
iors that can set the foundation for better health 
outcomes later in life. University and community 
college settings are locations to potentially reach 
these age groups to provide intervention and skills 
training. Digital interventions hold promise for 
delivering weight loss treatments in this age group, 
particularly for those who begin treatment at a lower 
body weight and for whom engagement remains 
high. More intensive interventions, such as precision 

medicine or stepped care, may be needed for young 
adults with more severe obesity.
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