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Abstract

Background: The advent of tirzepatide has transformed obesity care; yet, real-world weight loss outcomes necessarily depend
on patient engagement with behaviora support. Digital platforms offering coaching, self-monitoring, and automated feedback
have the potential to further augment pharmacological efficacy.

Objective: Theaim of the study isto examine associations between digital engagement and weight |oss outcomes among adults
prescribed tirzepatide in routine care over 12 months and to identify baseline correlates of engagement.

Methods: In this retrospective cohort study, we included adults (18-75 years; BMI =30 or >27.5 kg/m? with comorbidities) who
initiated tirzepatide between February 2024 and August 2025 viaa UK digital weight loss service. Engagement was defined by
all 3: attendance at =1 coaching session AND =1 weekly weight log AND =1 app login over 12 months. Percent weight loss was
analyzed at months 2, 4, 6, 8, 10, and 12 using a mixed model repeated measures adjusted for age, sex, baseline BMI, and
comorbidities. Time-to-event analyses (Kaplan-Meier) assessed attainment of 5%, >10%, =15%, and 220% weight lossthresholds.
Multivariable logistic regression identified correlates of engagement, reporting odds ratios (ORs) per decade of age and per 5
kg/m? BMI.

Results: Among 126,553 participants, 6746 (5.3%) were maximally engaged. Cohort demographics were a mean age of 42.3
(SD 12.4) years, 78.9% (99,905/126,553) female, and a mean BMI of 35.3 (SD 6.2) kg/m?. Engaged users achieved greater
adjusted weight loss at month 12 (—22.9%, 95% Cl —23.2 to —22.6) versus nonengaged users (—17.5%, 95% Cl —17.7 to —17.4),
an absolute difference of 5.3 percentage points (P<.001; Cohen d=0.54). Differences emerged by month 2 (—7.4% vs —6.4%;
P<.001) and widened steadily. Engaged participants reached all clinically significant weight loss thresholds faster (5%-20%;
log-rank P<.001), and engaged participantswere nearly 3 timesmorelikely to achieve 220% weight |oss compared to nonengaged
participants (1079/6746, 16% vs 6710/119,807, 5.6%; risk ratio 2.88; P<.001). Older age (OR 1.18 per decade, 95% CI 1.15-1.20;
P<.001), higher BMI (OR 1.14 per 5 kg/m?, 95% Cl 1.12-1.16; P<.001), and the presence of polycystic ovary syndrome (OR
1.59, 95% CI 1.45-1.74; P<.001) or fatty liver disease (OR 1.52, 95% Cl 1.32-1.76; P<.001) correlated with engagement. Male
sex (OR 0.86, 95% CI 0.81-0.92; P<.001) and diabetes (OR 0.83, 95% CI 0.73-0.95; P=.009) were associated with lower
engagement.
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Johnson et al

Digital engagement was associated with substantially greater tirzepatide-associated weight loss in real-world

practice. Integrating structured digital support with pharmacotherapy represents a promising strategy for optimizing obesity

management.

(J Med Internet Res 2026;28:€83718) doi: 10.2196/83718
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Introduction

Background

The global prevalence of obesity has tripled since 1975, and
the economic burden of obesity and overweight is projected to
reach 3.3% of global gross domestic product by 2060 [1].
Beyond economic considerations, obesity substantially increases
risksfor numerous chronic conditionsincluding type 2 diabetes,
cardiovascular disease, certain cancers, as well as overall
mortality. Despite recognition of obesity asacomplex chronic
disease requiring multifaceted interventions, historicaly
available treatments have shown limited long-term efficacy [2].

Recent advancements in pharmacotherapy have transformed
the obesity treatment paradigm. Tirzepatide (Mounjaro) is a
novel dual glucose-dependent insulinotropic polypeptide (GIP)
and glucagon-like peptide-1 (GL P-1) receptor agonist (RA) that
has demonstrated remarkabl e efficacy for weight management
inrandomized controlled trials (RCTs) [3]. The SURMOUNT-1
trial reported mean weight reductions of 15% to 20.9% at 72
weeks, significantly surpassing previous pharmacotherapies
[4]. These results have generated substantial clinical interest;
yet, questionsremain regarding their generalization to real-world
settings and the scope for adjuncts to support or optimize
outcomes.

Digital weight loss services (DWL Ss) combine pharmacotherapy
with app-based tools, regular weight tracking, and professional
health education and tailor nutrition-driven coaching. These
services may address critica barriers to obesity treatment,
including limited health care provider time, accessibility
challenges, and inadequate behaviora support [5-7].
Understanding how  digital  engagement  impacts
pharmacotherapy outcomes could critically inform clinica
recommendations and health service design. Furthermore, digita
health interventions represent a promising complement to
pharmacotherapy. Recent systematic reviews indicate that
technol ogy-based approaches can enhance weight | oss outcomes
by improving self-monitoring, accountability, personalized
feedback, and remote support [8-10]. Studies of remotely
delivered weight |oss services have shown the efficacy of such
digital intervention [11]. However, apart from a few recent
studies [5], there is limited evidence regarding how digital
engagement influences outcomes specifically in patients using
dual GLP-1 and GIP RA for weight management.

Objectives
This study conducted a retrospective evaluation of the Voy

DWLS, which is available throughout the United Kingdom.
Our objectiveswere to characterize the real-world

https://www.jmir.org/2026/1/e83718

effectiveness of tirzepatide on weight loss, explore the
associations between digital engagement and outcomes, and
identify factors that correlate with engagement.

Methods

Study Design and Setting

This retrospective study used an open cohort approach. The
study period spanned early February 2024 to early August 2025,
with patients contributing follow-up from the date of first
prescription to the earliest date of last weight measurement
logged or reached 12 months of follow-up. The Voy digital
health platform, a commercia telehealth DWLS for obesity
management, was developed by a multidisciplinary team of
clinicians, behavioral scientists, and software developers to
provide remote behavioral support through live group video
coaching sessions, text-based in-app support, dynamic
educational content, and the direct supply of tirzepatide for
weight management. Drawing upon established frameworksin
behavior change and self-management support, the platform
combined core digital tools (eg, real-time weight monitoring,
medication adherence tracking, and personalized coaching
sessions) into a single interface accessible via smartphone or
web browser.

Procedure

Participants became aware of the Voy program through multiple
channels: targeted social media campaigns, clinician referrals,
word-of-mouth recommendations, and general web searches.
They self-enrolled and self-paid via the Voy website, where
they completed an online screening questionnaire covering
medical history, BMI, and lifestyle factors. Thereafter, the
participants interacted with the Voy digital health platform’s
weight management program, which integratesdual GLP-1 and
GIP RA pharmacotherapies with digital behavioral support to
enhance weight loss outcomes. Subsequently, participants
self-enrolled via the Voy website, where they completed an
online screening questionnaire covering medical history, BMI,
and arange of lifestyle factors. Upon enrollment, participants
underwent aninitial assessment to confirm eligibility, including
verification of age, BMI, and the absence of exclusion criteria
(Figure 1). All participants underwent comprehensive clinical
screening before treatment initiation. Structured safeguards
ensured accuracy and safe prescribing: photo identification and
full-body photographsfor identity and BMI verification; detailed
clinica  questionnaires  capturing medical  history,
contraindications, and current medications; and individual
review by qualified licensed clinical prescribers with
cross-checking for clinical red flags. The service operates under
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Care Quality Commission registration with internal clinical
audit processes, escalation protocols for safety concerns, and
regular safety reviews. This approach adheres to General
Medica Council and General Pharmaceutical Council standards
for remote prescribing in the United Kingdom, with clinician-led
prescribing decisions and independent verification of eligibility
criteriato ensure patient safety.

The initial monthly cost of enrollment for tirzepatide was US
$273.72. Participants receive tirzepatide (Mounjaro) via
multidose prefilled KwikPen containing 4 weekly doses.
Administration is a subcutaneous injection once weekly, with
doses ranging from 2.5 to 15 mg. The starting dose is 2.5 mg,
increased every 4 weeks in 2.5 mg increments as tolerability
permits. New tirzepatide pens are prescribed every 28 days.
Monthly costs cover medication, clinical support from qualified

Johnson et al

prescribing clinicians, personalized coaching from registered
dietitians and nutritionists, and access to digital tracking tools
and educationa content (see MultimediaAppendix 1 for detailed
program description). Although online weight tracking was
mandatory for continued prescriptions, every other component
of the Voy platform was optional .

Participants attended group onboarding sessions and were
offered fortnightly coaching to enhance engagement and
adherence. Coacheswere trained based on principlesfrom social
cognitive theory, self-determination theory, the transtheoretical
model, and the theory of planned behavior [12,13]. These
techniques focused on fostering intrinsic motivation, goal
setting, and problem-solving to promote sustainable lifestyle
changes tailored to participants’ individual progress.

Figure 1. Flowchart illustrating the critical steps of the cohort retrospective analysis conducted for the Voy digital weight management program. GIP:
glucose-dependent insulinotropic polypeptide; GLP-1: glucagon-like peptide-1; RA: receptor agonist.

Patients in the Voy digital weight loss service (DWLS)
Retrospective cohort, February 2024 to August 2025; Adults prescribed tirzepatide; Analysis cohort N=126,553

Screening and eligibility
Inclusion: 218 years; baseline weight present; BMI230 OR BMI227.5 + obesity-related comorbidity
Exclusions: Tirzepatide contraindication, pregnancy, key covariates missing

Screening metheod: Online, asynchronous cl

inical onboarding & 1D or photo verification

Intervention: National DWLS (Voy)

Digital support features (optional)
Behavioral coaching (live or async), educational content, in-app
self-monitoring, and around the clock support. Features include
weight logging and app interactions

|

Engaged= 21coaching session, 21weekly weight log, and 21weekly app login

Engagement status

Contrast: Engaged vs Nonengaged

........................

buicome measurements
» Efficacy: % weight change monthly through 12 months with mixed
model for repeated measures (MMRM)
« Predictors for weight loss by engagement status

= Clinically significant weight loss thresholds from 25% to 220%

Statistical analysis
b - MMRM models for %WL (adjusted)

. Medication

Dual GLP-1/GIP RA (tirzepatide) per UK practice; weekly dosing
with titration

Engaged participants ‘

n=6746

I'otal baseline n=126,553

Nonengaged participants
n=119,807

« Kaplan-Meier and Cox models for 25%, 210%, =15%, 220% weight

loss thresholds (hazard ratios)

+ Multivariable logistic regression for weight loss predictors

Participants

Participants were adult residents of the United Kingdom, aged
between 18 and 75 years, with aBMI of 30 kg/m? or higher or
>27.5 kg/m® with obesity-related comorbidities who were
enrolled into the Voy digital weight loss service and were
prescribed tirzepatide.

Eligibility Criteria

Eligibility required access to a smartphone or tablet. Exclusion
criteria included history of self-reported eating disorders (eg,
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anorexia nervosa and bulimia nervosa), pregnancy or patients
seeking fertility, known alergies or hypersensitivity to any
components of tirzepatide, and severe medical conditions with
established contraindications for tirzepatide as per Multimedia
Appendix 2.

Data Completeness

Engagement metrics and weight 10oss outcomes were available
for the entire sample of participants who used the digital
platform during the study period at baseline. Complete
demographic information (eg, age, sex, and comorbidities) was
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availablefor the entire sample participants who enrolled during
theinitial phase of the service.

Defining Engagement and Outcome

Primary Outcome

The primary outcome was percentage weight lossfrom baseline.
Weight measurements were entered directly in the app by
participants.

Secondary Outcomes of I nterest Included: Digital
Engagement as an Exposure Variable

Engagement was defined based on a patient engaging in all 3
key behaviors identified as a priority by the Voy clinical and
research teams as likely associated with weight loss outcomes.
These behaviors are as follows:

Coaching session attendance: participation in group or
individual coaching sessions (video, audio, or text-based).
Weight-tracking frequency: regular logging of body weight
in the app.

App use and logins: logging into the platform to view
educational content, track health metrics, or interact with
coaches.

As in our prior work [5], participants were classified as
“engaged” if they met all of the following criteria: attended >1
coaching session AND tracked weight >1 per week AND logged
into the app at least once during the study period. Those who
did not fulfill all 3 of these criteria as a compound were
classified as “nonengaged.”

Statistical Analysis

Longitudinal Weight Loss Analysis

Our primary analysis used amixed model for repeated measures
(MMRM) approach, informed by the statistical methodology
of the SURMOUNT-1 RCT study [4]. Thisapproach accounted
for repeated weight measurements for individuals, varying
follow-up duration, and implicitly handled missing datawithout
imputation under the missing at random assumption. The model
incorporated fixed effectsfor digital engagement status, months,
and the interaction between engagement and month. To adjust
for potentia confounding variables, we included sex, age,
baseline BMI, and comorbid conditions as covariates (see
Multimedia Appendix 3 for detailed methodology).

Sensitivity Analyses for Follow-Up Duration

To address the rolling enrollment design, we conducted
sensitivity analyses restricted to subcohorts reaching specific
follow-up milestones (3, 6, 9, and 12 months). Linear regression
models were fitted for each subcohort with percentage weight
change from baseline as the dependent variable, adjusted for
the same confounders as the MMRM analyses. Margina
estimates (least squares means) were calculated from these
models, with contrast P values comparing engaged versus
nonengaged groups. These analyses assessed whether
associations between engagement and weight loss remained
consistent across different follow-up durations.

https://www.jmir.org/2026/1/e83718
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Postmodel Analyses and Effect Size Calculation

For postmodel analyses, we calculated adjusted means and
conducted pairwise comparisons between engagement groups
using the emmeans package. Significance testing of the
engagement effect at each time point used 2-sided tests with
a=.05, without adjustment for multiple comparisons, consistent
with standard approaches for longitudinal repeated measures
designs.

To quantify the magnitude and clinical relevance of the
engagement effect, we calculated effect sizes using multiple
approaches. Cohen d valueswere computed using the estimated
differencedivided by the pooled SD. Additionally, we computed
both absolute differences (in percentage points) and relative
differences (as a percentage of the nonengaged group’s weight
loss) between engaged and nonengaged tirzepatide users. To
examine whether the impact of engagement on weight loss
varied over time, we conducted aformal test of the engagement
by time interaction.

Data Processing and Descriptive Statistics

All data processing and analyses were conducted using R
software (version 4.3.1; R Foundation for Statistical
Computing). Baseline characteristics were summarized using
means and SDsfor continuous variables, while frequencies and
percentages were calculated for categorical variables. These
statisticswere cal cul ated separately for engaged and nonengaged
groups.

Baseline Correlates of Digital Engagement

Basdline characteristics associated with digital engagement were
identified using multivariable logistic regression, where the
dependent variable was digital engagement status (engaged vs
not engaged, defined as mentioned earlier). Independent
variables included demographic characteristics (age and sex),
baseline BMI, and documented comorbidities (diabetes,
hypertension, hyperchol esterolemia, polycystic ovary syndrome
[PCOY], and fatty liver disease). Age was modeled as a
continuous variable, with additional transformationsto express
odds ratios (ORs) per decade increase. Similarly, BMI was
analyzed with secondary calculations to express ORs per 5

kg/m? increase.

Achievement of Clinically Significant Weight Loss

Kaplan-Meier methods were used to estimate the proportions
of users attaining =5%, =10%, =15%, and =20% weight loss
during the study period with 95% Cls. This was performed for
the cohort overall, then comparing engaged and nonengaged
groups. Log-rank tests were used to compare cumulative
incidence curves. Hazard ratios (HRs) with 95% Cls were
calculated to quantify the relative rate of achieving weight loss
thresholds between engagement groups, and risk ratios (RRS)
were computed to assess the relative probability of threshold
achievement.

Sample Size

A power analysis determined that aminimum of 118 participants
per engagement group would provide 80% power to detect a
15% differencein the proportion of participants achieving =210%
weight loss at a 5% significance level.

JMed Internet Res 2026 | vol. 28 | e83718 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Biasand Missing Data

Self-reported weight measurements could introduce reporting
bias. To mitigate this, participants were encouraged to provide
accurate measurements through regular reminders and had the
option to upload progress photographs, enhancing datavalidity.
Additionally, data validation checks were performed internally
and by statisticiansto identify and address implausible values.
Selection bias was minimized by including all €ligible
participants who initiated the program within the study period,
ensuring the sample was representative of the population using
the DWLS.

Missing data were addressed through the MMRM approach,
which usesall available observationswithout requiring compl ete
cases. This method operates under the missing at random
assumption, whereby missingness may depend on observed
covariates and previous measurements but not on unobserved
values conditional on observed data. MMRM provides unbiased
parameter estimates and maintains statistical efficiency in the
presence of intermittent missing data, consistent with statistical
methodology for landmark obesity trials[4]. For time-to-event
analyses, participantswho remained on treatment were censored
at their last prescription date or study end, with censoring
appropriately incorporated into Kaplan-Meier and Cox
regression models.

Ethical Considerations

This retrospective open cohort study was an analysis of
deidentified data collected during the routine clinical care of
adultstreated by Voy. The study was approved by the University
College London Research Ethics Committee (Project 1D
2025-0906-775). The study adhered to the principles outlined
in the Declaration of Helsinki. Participants provided informed
consent for their anonymized data to be used for ethically
approved research and service improvement purposes upon
enrollment in the program. To protect participant privacy, all
data were deidentified prior to analysis, with direct identifiers
(including names, contact details, and unique patient identifiers)
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removed and replaced with study-specific codes. Data were
stored on secure servers with access restricted to authorized
research personnel only. Participants did not receive any
compensation for their participation in this study, asthe analysis
was conducted retrospectively using data collected during
routine clinical care.

Adherenceto STROBE Guidelines

Thisstudy adhered to the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) guidelines [14]
(Multimedia Appendix 4).

Results

Participant Characteristics

Among 126,553 participants who initiated tirzepatide, 6746
(5.3%) met criteriafor maximally digital engagement. Baseline
characteristics stratified by engagement status are presented in
Table 1. The overall cohort had a mean age of 42.3 (SD 12.4)
years, was predominantly female (99,905/126,553, 78.9%), and

had a mean baseline BMI of 35.3 (SD 6.2) kg/m?. Compared
to nonengaged participants, digitally engaged individuals were
significantly older (engaged: mean 44.9, SD 12.0 years vs
nonengaged: mean 42.2, SD 12.5 years; P<.001), more likely
to be female (engaged: 5486/6746, 81.3% vs nonengaged:
94,419/119,807, 78.8%; P<.001), and had higher baseline BMI

(engaged: mean 36.4, SD 6.7 kg/m? vs nonengaged: mean 35.2,

SD 6.2 kg/m? P<.001). Engaged participants also reported
higher prevalence of comorbidities, including type 2 diabetes
(engaged: 250/6746, 3.7% vs nonengaged: 3681/119,807, 3.1%;

P<.001), hypertension (engaged: 978/6746, 14.5% vs
nonengaged: 11,592/119,807, 9.7%; P<.001),
hypercholesterolemia (engaged:  707/6746, 10.5% vs

nonengaged: 7738/119,807, 6.5%; P<.001), and PCOS
(engaged: 591/6746, 8.8% vs nonengaged: 7285/119,807, 6.1%
of female participants; P<.001).
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Table 1. Baseline demographic and clinical characteristics of participants by digital engagement status.

Characteristic Overdl (N=126,553) Digitally engaged (n=6746)  Not digitally engaged (n=119,807) pygue?
Age (years) <.001
Mean (SD) 42.3 (12.4) 44.9 (12.0) 422 (12.5)
Agegroup (years), n (%) <.001
18-24 6892 (5.4) 120 (1.8) 6772 (5.7)
25-34 32,037 (25.3) 1399 (20.7) 30,638 (25.6)
35-44 36,334 (28.7) 1977 (29.3) 34,357 (28.7)
45-54 27,269 (21.5) 1643 (24.4) 25,626 (21.4)
55+ 24,016 (19) 1607 (23.8) 22,409 (18.7)
Sex, n (%) <.001
Female 99,905 (78.9) 5486 (81.3) 94,419 (78.8)
Male 26,648 (21.1) 1260 (18.7) 25,388 (21.2)
Anthropometric measures, mean (SD)
Weight (kg) 98.3 (20.4) 101.9 (21.5) 98.1(20.4) <.001
Height (cm) 166.7 (9.1) 167.1(8.7) 166.7 (9.2) .003
BMI (kgm?) 35.3(6.2) 36.4(6.7) 35.2(6.2) <.001
BMI category, n (%) <.001
Overweight (25-29.9 kg/m?) 13,084 (10.4) 841 (12.5) 12,243 (10.2)
Obese (230 kg/mz) 113,246 (89.6) 5871 (87.5) 107,375 (89.8)
Comorbidities, n (%)
Diabetes mellitus 3931 (3.1) 250 (3.7) 3681 (3.1) .009
Hypertension 12,570 (9.9) 978 (14.5) 11,592 (9.7) <.001
Hypercholesterolemia 8445 (6.7) 707 (10.5) 7738 (6.5) <.001
PCOSP 7876 (6.2)° 591 (10.8)° 7285 (6.1)° <.001
Nonalcoholic fatty liver 2391 (1.9) 229 (3.4) 2162 (1.8) <.001
Digital engagement metrics, n (%)
Coaching sessions attended 37,224 (29.4) 6746 (100) 30,478 (25.4) <.001
Weight tracking =1 per week readings 18,992 (15) 6746 (100) 12,246 (10.2) <.001
Uses weight loss app® 93,627 (74) 6746 (100) 86,881 (72.5) <.001

8 values calculated using independent 2-tailed t tests for continuous variables and chi-square tests for categorical variables.

bpcos: polycystic ovary syndrome.
CPercentage calculated among female participants only.

dDefined as havi ng logged into the app at least once during enrollment and used app features with the exception of weight measurement.

Engagement Characteristics

Among engaged participants (n=6746), al met the 3 required
criteria by definition: coaching session attendance (mean 1.00,
SD 0.00), app use (mean 1.00, SD 0.00), and weekly weight
tracking (mean 1.00, SD 0.00). Among nonengaged partici pants
(n=119,807), partial engagement was common: 86,881 (72.5%)
used the app (mean 0.73, SD 0.45), 18,864 (15.7%) attended
coaching (mean 0.16, SD 0.36), and tracking adherence (mean
0.09, SD 0.27) was lower. These patterns indicate that while
most participants used some platform features, especially 93,627
of 126,553 (74%) of the overall cohort using the digital app,

https://www.jmir.org/2026/1/e83718
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simultaneous engagement across al 3 modalities was achieved
by 6,746 of 126,553 (5.3%) of users.

Weight L oss Outcomes

Overview

Figure 2 displaysthe MMRM model with compound symmetry
covariance adjusted for confounders, representing percentage
weight loss over 12 months by engagement status. Both digitally
engaged and nonengaged groups demonstrated progressive
weight loss throughout the observation period, but differences
between groups emerged early and increased over time. Table
2 presents detailed weight |oss outcomes at each time point.
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Figure 2. Mean adjusted mixed model repeated measure derived and confounder-adjusted percentage weight loss from baseline among tirzepatide
users stratified by digital engagement status.
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Table 2. Percentage weight loss by digital engagement status in participants taking tirzepatide (months 0-12), estimated using mixed model repeated

measure (MMRM).
Month and engagement  Participants,  Agjusted mean % weight loss®  Absolute difference®  Relative difference® Effectsize pyqyed
status n (95% ClI) (percentage points) (%) (Cohen d)
Month O
Not engaged 119,807 0 _e — — _
Engaged 6746 0 — — — —
Month 2
Not engaged 40,582 —6.44 (—6.53 t0 —6.36) 0.95 14.8 0.083 <.001
Engaged 5751 —7.39 (7.51t0-7.27) — — — —
Month 4
Not engaged 21,762 —10.77 (-10.86 to —10.68) 1.75 16.2 0.207 <.001
Engaged 3420 —12.52 (-12.65 to —12.39) — — — —
Month 6
Not engaged 13,559 —13.39 (-13.48 to —13.30) 3.09 231 0.422 <.001
Engaged 1724 -16.48 (—16.64 t0 —16.32) — — — —
Month 8
Not engaged 6704 —15.34 (—15.45 to -15.24) 3.96 25.8 0.464 <.001
Engaged 896 —19.30 (-19.51 to —19.09) — — — —
Month 10
Not engaged 3918 ~16.75 (~16.87 to —16.63) 443 26.4 0.467 <.001
Engaged 567 —21.18 (—21.42 t0 —20.93) — — — —
Month 12
Not engaged 2343 —17.55 (<17.69 to —17.41) 5.34 304 0.539 <.001
Engaged 310 —22.89 (-23.22 t0 —22.57) — — — —

A djusted means derived from MMRM with compound symmetry covariance structure, controlling for age, sex, baseline BMI, diabetes, hypertension,

high cholesterol, polycystic ovary syndrome, and fatty liver disease.

bAbsolute difference=engaged group mear—not engaged group mean (percentage points).

CRelative difference=(absol ute difference/not engaged group mean)x100%.

9P values from the model ti mexengagement interaction terms.
Not applicable.

Weight Loss by Engagement Status

By month 12, after adjusting for potential confounders (age,
sex, baseline BMI, and comorbidities) in MMRM analysis,
digitally engaged participants achieved a mean weight loss of
22.9% (95% Cl 22.6-23.2) compared to 17.6% (95% ClI
17.4-17.7) among nonengaged participants, representing an
absolute difference of 5.3 percentage points (P<.001). The effect
size (Cohen d=0.539) indicated a medium clinical effect of
digital engagement on weight loss outcomes.

The divergence in adjusted weight loss trgjectories between
groups became statistically significant by month 2, with engaged
participants achieving 7.4% weight loss compared to 6.4%
among nonengaged participants (absolute difference 0.95
percentage points; P<.001). This difference progressively
increased throughout the observation period. By month 6, the
absolute difference reached 3.1 percentage points (16.5% vs

https://www.jmir.org/2026/1/e83718

13.4%; P<.001), and by month 8, the difference widened to 4.0
percentage points (19.3% vs 15.3%; P<.001).

The MMRM analysis, which controlled for demographic factors
and comorbiditieswhile accounting for the correlation structure
of repeated measurements, confirmed that digital engagement
was consi stently associated with enhanced weight |oss outcomes
at al time points. This statistical approach demonstrated that
the engagement effect was not attributable to baseline
differences or confounding factors but represented greater
weight loss outcomes associated with higher engagement.

Sensitivity Analyses: Weight L ossby Follow-Up Duration
Among the cohort, 10,296 (8.1%) participants reached 3 months,
5349 (4.2%) reached 6 months, 2241 (1.8%) reached 9 months,
and 2653 (2.1%) reached 12 months (see M ultimedia A ppendix
5 for discontinuation and censoring patterns).

Linear regression analyses adjusted for baseline weight and
confounders demonstrated consistent associations between
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engagement status and weight loss across al follow-up
durations. At 3 months, nonengaged participants achieved 9.6%
weight loss (95% CI 9.6-9.5) versus 10.3% (95% CI 10.5-10.2)
for engaged participants (absolute difference 0.75 percentage
points; P<.001). At 6 months, differenceswere 14.7% (95% ClI
14.8-14.6) versus 17.6% (95% Cl 17.9-17.3), respectively
(absolute difference 2.9 percentage points, P<.001). At 9
months, nonengaged participantslost 17.8% (95% Cl 18.1-17.6)
compared to 21.8% (95% CI 22.4-21.2) for engaged participants
(absolute difference 4.0 percentage points, P<.001). At 12
months, differences were 19.3% (95% Cl 19.7-18.9) versus
24.2% (95% Cl 25.3-23.2), respectively (absolute difference
4.9 percentage points, P<.001). These analyses confirmed that

Johnson et al

positive associ ations between engagement and weight losswere
maintained regardless of the follow-up duration achieved.

Clinically Significant Weight Loss Thresholds

Kaplan-Meier survival analysis demonstrated that tirzepatide
users achieved substantial weight loss milestones rapidly, with
overal cumulative probabilities reaching high levels for
clinically meaningful thresholds across all participants. When
stratified by engagement status, digitally engaged participants
achieved these clinically significant thresholds more rapidly
and at higher rates than nonengaged participants (Figure 3,
log-rank P<.001 for al comparisons). The association between
engagement and increased weight loss was evident across all
thresholds but became increasingly pronounced for more
substantial weight loss targets.

Figure 3. Kaplan-Meier surviva curves showing the probability of achieving clinicaly significant weight loss threshol ds over time among tirzepatide
users by digital engagement status. (A) 25% weight loss, (B) 210% weight |oss, (C) 215% weight loss, and (D) 220% weight loss. Red lines represent
digitally engaged participants; teal lines represent nonengaged participants. Shaded areas represent 95% Cl's. P values determined by the log-rank test.
X is derived from the chi-square test comparing engaged versus nonengaged.
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The cumulative probability of achieving >5% weight |oss was
substantially higher among engaged participants (5445/6746,
80.7% vs 44,329/119,807, 37%), demonstrating more than a
2-fold difference (RR 2.18; HR 1.49, 95% Cl 1.45-1.53). This
engagement advantage became even more pronounced for higher
weight loss thresholds: >10% weight loss (3623/6746, 53.7%
vs 26,240/119,807, 21.9%; RR 2.45; HR 1.55, 95% ClI
150-1.60), =15% weight loss (2091/6746, 31% vs
14,017/119,807, 11.7%; RR 2.65; HR 1.67, 95% Cl 1.60-1.75),
and =20% weight |0ss (1079/6746, 16% vs6710/119,807, 5.6%;
RR 2.88; HR 1.79, 95% CI 1.68-1.91).

Longitudinal Participation Patterns

As expected, the number of participants with data at each time
point decreased over the observation period, primarily reflecting
the service's continuous enrol Iment pattern rather than attrition.
Given the rolling nature of the service, participants joined at
varioustime points throughout the eval uation period, with many
not yet having the opportunity to reach later time points. The
mean follow-up duration was 2.6 (SD 3.0) months, with
substantial variation across participants reflecting the rolling
enrollment design. Among the cohort, 2653 (2.1%) participants
completed 12 months of follow-up. Of these, 310 (11.7%) were
maximally engaged, and 2343 (88.3%) were nonengaged. Given
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the nature of the open cohort study, loss to follow-up could be
due to discontinuation (stopped taking medication) or censoring
(was still using medication at the cohort end date; Multimedia
Appendix 5).

Baseline Correlates of Digital Engagement

Baseline characteristics associated with digital engagement are
presented in Table 3. Male participants had significantly lower
odds of engagement than female participants (adjusted OR for
male; 0.86, 95% CI 0.81-0.92; P<.001). Each 10-year increase
in age was associated with 18% higher odds of engagement
(adjusted OR per decade 1.18, 95% CI 1.15-1.20; P<.001).

Every 5 kg/m? increase in baseline BMI corresponded to 14%
higher odds of engagement (adjusted OR 1.14, 95% ClI
1.12-1.16; P<.001). Among comorbidities, participants with
PCOS had 59% higher odds of engaging (adjusted OR 1.59,
95% CI 1.45-1.74; P<.001), and those with fatty liver disease
had 52% higher odds (adjusted OR 1.52, 95% Cl 1.32-1.76;
P<.001). Hypercholesterolemia was associated with
substantially higher engagement odds (adjusted OR 1.34, 95%
Cl 1.23-1.47; P<.001), while hypertensi on showed more modest
associations (adjusted OR 1.16, 95% CI 1.07-1.25; P<.001).
Notably, diabetes was associated with significantly lower odds
of engagement (adjusted OR 0.83, 95% CI 0.73-0.95; P=.009).

Table 3. Baseline characteristics associated with digital engagement among tirzepatide users through multivariable logistic regression analysis®.

Characteristic Adjusted ORP (95% CI) P vaue

Demographics
Female sex Reference (—9) —
Male sex 0.86 (0.81-0.92) <.001
Age (per year) 1.02 (1.01-1.02) <.001
Age (per decade) 1.18 (1.15-1.20) <.001
BMI (per unit) 1.03 (1.02-1.03) <.001
BMI (per 5 kg/m?) 1.14 (1.12-1.16) <.001

Comorbidities
Polycystic ovary syndrome 1.59 (1.45-1.74) <.001
Fatty liver disease 1.52 (1.32-1.76) <.001
Hypertension 1.16 (1.07-1.25) <.001
Hypercholesterolemia 1.34 (1.23-1.47) <.001
Diabetes 0.83 (0.73-0.95) .009

#The dependent variable was digital engagement status (engaged vs not engaged), defined as active use of digital coaching, tracking tools, or amobile
app. All characteristics were assessed at baseline (month O) prior to tirzepatide initiation. Multivariablelogistic regression model adjusted for al variables

shown.

POR: odds ratio.

“Not applicable.

dDerived valuesto express effect sizes for clinically meaningful increments.

Discussion

Principal Findings

This cohort study demonstrated the notable real-world
effectiveness of tirzepatide in a UK-based DWLS and

https://www.jmir.org/2026/1/e83718

highlighted an association between higher digital engagement
and greater weight loss. After controlling for demographic
factors and comorbidities, digitally engaged participants
achieved an absolute 5.3 percentage points greater weight loss
at month 12 compared to nonengaged users (P<.001). This
engagement effect emerged gradually, with trajectories
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beginning to diverge around month 2 and differences
progressively widening thereafter. By month 12, digitally
engaged participants achieved a mean weight loss of 22.9%
compared to 17.6% for nonengaged participants.

Nearly al tirzepatide users eventually achieved >5% weight
loss regardless of engagement status, but more substantial
differences were observed for the engaged group for higher
weight loss thresholds. Notably, engaged participants
demonstrated substantially higher cumulative probabilities of
achieving =>15% weight loss (2091/6746, 31% vs
14,017/119,807, 11.7%; HR 1.67, 95% Cl 1.60-1.75) and >20%
weight loss (1079/6746, 16% vs 6710/119,807, 5.6%; HR 1.79,
95% CI 1.68-1.91) by study end. Thetemporal pattern of weight
loss differences is meaningful. While statistically significant
differences emerged by month 2, the magnitude of difference
progressively increased throughout the observation period. In
other studies, a21% weight loss end point wastypically reached
at week 72 as opposed to at week 52 (month 12) as evidenced
in our findings [15].

The tempora differences in weight loss associated with
engagement status were further highlighted in our analysis,
which revedled significantly accelerated achievement of
clinically meaningful weight lossthresholds. While engagement
conferred substantial advantages for >5% weight loss
achievement (5445/6746, 80.7% vs 44,329/119,807, 37%; RR
2.18; HR 1.49, 95% Cl 1.45-1.53), more substantial differences
emerged for more ambitious thresholds. Notably, engaged
participants demonstrated substantially higher cumulative
probabilities of achieving 210% weight |0ss (3623/6746, 53.7%
vs 26,240/119,807, 21.9%; RR 2.45; HR 1.55, 95% ClI
150-1.60), =15% weight loss (2091/6746, 31% vs
14,017/119,807, 11.7%; RR 2.65; HR 1.67, 95% Cl 1.60-1.75),
and =20% weight |0ss (1079/6746, 16% vs6710/119,807, 5.6%;
RR 2.88; HR 1.79, 95% CI 1.68-1.91).

Our analysis of baseline characteristics identified that female
sex, older age, and higher BMI were associated with increased
engagement likelihood, with male participants having 14%
lower odds (OR 0.86, 95% CI 0.81-0.92), each decade of age
conferring 18% higher odds (OR 1.18, 95% CI 1.15-1.20), and

every 5 kg/m? BMI increase associated with 14% higher odds
(OR1.14,95%Cl 1.12-1.16; al P<.001). Among comorbidities,
PCOS (59% higher odds; OR 1.59, 95% CI 1.45-1.74), fatty
liver disease (52% higher odds; OR 1.52, 95% CI 1.32-1.76),
and hyperchol esterolemia (34% higher odds; OR 1.34, 95% CI
1.23-1.47) were positively associated with engagement, while
diabetes was associated with 17% |ower engagement odds (OR
0.83, 95% CI 0.73-0.95;; P=.009). These findings highlight
important demographic factors influencing digital health use
that may inform future program design and implementation.

Strengths and Limitations

Thisstudy has several strengths, including itslarge samplesize,
real-world setting, and comprehensive assessment of weight
trajectories over time. The 126,000-participant cohort provides
robust power at early time points (n=40,582 at 2 months); while
12-month completers (n=2653) match other digital studies, the
real-world implementation enhances generalizability and

https://www.jmir.org/2026/1/e83718
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ecological validity. Additionally, the operational definition of
digital engagement captured meaningful interaction with service
components while maintaining practical relevance.

While baseline differences between engaged and nonengaged
participants reached statistical significance due to the large
sample size (n=126,553), the absolute magnitude of these
differenceswas modest and unlikely to be clinically meaningful.
The mean age difference was less than 1 year (mean 42.3, SD
12.5vsmean 44.9, SD 12.0 years), and the BMI difference was

approximately 1 kg/m? (mean 35.2, SD 6.2 vs mean 36.4, SD

6.7 kg/m?). These small baseline differences are insufficient to
account for the substantial treatment effects observed,
particularly the 7.4% absolute difference in weight loss at 2
months and the near 3-fold differencein treatment persistence.
Furthermore, the consistency association between engagement
and outcomes across al time points, combined with our
multivariable adjustment for baseline characteristics, supports
the conclusion that digital engagement genuinely enhances
pharmacological efficacy rather than these findings being
attributable to baseline confounding.

Severa limitations warrant consideration. First, as a
retrospective service eval uation, participants were not randomly
assigned to engagement conditions, introducing potential
selection bias, and we cannot ascertain the causality of this
association. While we adjusted for observed confounders,
unmeasured factors (eg, motivation and socioeconomic status)
may influence both engagement and outcomes. Second, weight
measurements were self-reported via home scales, potentially
introducing measurement and reporting error. However, this
limitation applied to both engaged and nonengaged groups,
likely minimizing differential bias. We did not systematically
capture concurrent participation in external nonpharmacological
weight management programs; we note thisasalimitation and
as a priority for future data collection. Additionally, ethnicity
data were not systematically collected during the study period,
limiting our ability to examine potential disparities in
engagement or outcomes across ethnic groups. Future
implementations of DWLS should prioritize collecting
comprehensive demographic data, including ethnicity and
socioeconomic indicators, to ensure equity in access and
outcomes and to identify populations that may benefit from
targeted engagement strategies. The monthly cost for the service
in this study service represents a significant financia
consideration that may limit access primarily to individual swith
higher socioeconomic status. This raises important
considerations regarding health inequalities, asindividualswho
might benefit most from weight management interventions may
face financial barriers to accessing digital health services that
integrate pharmacotherapy with behavioral support.

Moreover, therolling enrollment design meansthat participants
were at different stages of their treatment journey during the
eva uation period. Whilethisreflectsreal-world implementation,
it complicates the interpretation of longitudinal patterns. Our
approach of examining both absolute outcomes at each time
point and conducting subgroup analyses of participants with
sufficient follow-up time helps address this limitation. Finally,
our operational definition of digital engagement, while
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evidence-informed, represents one approach among many
possible definitions. Future research should explore alternative
engagement metrics and potential dose-response rel ationships
between engagement intensity and outcomes.

Comparison With Prior Work

The magnitude of additional weight loss associated with digital
engagement was substantial in the context of standard obesity
treatment. Previous research indicates that each 5% reduction
in body weight confers significant cardiometabolic benefits,
including improvements in glycemic control, blood pressure,
and lipid profiles [16,17]. Our findings suggest that digital
engagement may help individual s reach more substantial weight
loss thresholds, potentially amplifying the health benefits of
tirzepatide treatment. This suggests that digital engagement
may have cumulative benefits, potentialy by supporting
medication adherence, dietary modifications, and behavioral
changes that enhance long-term outcomes [18,19]. Similar
patterns have been observed in other behavioral interventions
for chronic disease management, where ongoing support
provides incremental benefits over time[20].

The identified correlates of digital engagement offer insights
for service optimization. The higher likelihood of engagement
among femal e participants, older adults, and those with higher
baseline BMI suggests that these demographic groups may find
digital support particularly valuable. Conversely, younger male
participants with lower BMI appear less likely to engage,
potentially benefiting from targeted engagement strategies; yet,
digita heath engagement literature has shown that male
participants benefit more than femae participants [21].
Interestingly, studies have proposed that people with diabetes
have a slower velocity of weight loss in both the GLP-1 [22]
and GLP and GIP-1[23] agonist exposure groups (albeit, faster
velocity in tirzepatide vs semaglutide).

Furthermore, our study confirmed that diabetes status was
significantly associated with a lower likelihood of digital
engagement (adjusted OR 0.83, 95% CI 0.73-0.95; P=.009).
This may reflect complex physiological and psychological
mechanisms influencing weight loss velocity in people with
diabetes. To addressthis, DWL S should consider implementing
more intensive engagement and coaching interventionstailored
for patients with diabetes. We propose that digital servicespilot
such enhanced approaches to test whether outcomes can be
improved. By contrast, the positive association between
comorbidities, particularly PCOS[24] and engagement, suggests
that individuals with obesity-related health concerns may
perceive greater value in comprehensive support services.

Several mechanisms may explain the enhanced outcomes
associated with digital engagement. Health coaching provides
accountability, problem-solving support, and personalized
guidance that can address common barriers to weight
management [25]. Regular weight tracking enhances
self-monitoring, a behavioral strategy consistently associated
with improved weight outcomes [8]. Additionally, digital
platforms may facilitate greater medication adherence through
reminders, side effect management, and addressing various
concerns, particularly important for injectable medicationslike
tirzepatide that require consistent administration [26].
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Our findings align with previous digital weight management
studies while revealing important distinctions. Xu et a [27]
(n=153) defined engagement as any daily food tracking,
identifying thresholds of 28.5%-39.4% of days for >3%-5%
weight loss. W8Buddy used a liberal definition (any platform
activity within 14 days), achieving 83.1% engagement with
0.74 kg per month additional weight loss. Our study used the
strictest definition (coaching, weekly weight tracking, and app
login combined), resulting in only 5.3% meeting criteria, yet
demonstrating the largest effect (5.3 percentage points at 12
months) [28]. This contrast, where stricter criteria with fewer
engaged participants yielding greater outcomes, suggests that
multimodal engagement combining behavioral support,
self-monitoring, and clinical oversight produces beneficia
effects beyond single-modality interventions. Notably, partial
engagement remained common (app use: 93,627/126,553, 74%
and coaching: 37,224/126,553, 29.4%), and even nonengaged
participants achieved substantial weight loss (17.6%), indicating
that platform features provided benefit across engagement levels.
These findings demonstrate that while engagement definitions
substantially influence observed rates, the consistent association
between digital engagement and enhanced outcomes persists
across platforms and intervention designs.

The integration of digital services with pharmacotherapy
represents an evolving care model addressing limitations of
traditional obesity treatment approaches. By providing remote
support, behavioral tools, and clinical monitoring, DWL Ssmay
bridge critical gaps in obesity care while reducing barriers
related to geography, provider availability, and stigma[29,30].
Our findings suggest that such integrated approaches may
optimize the effectiveness of novel obesity pharmacotherapies.

Implications and Future Directions

Our findings have important implications for clinical practice,
health service design, and research. Clinically, practitioners
should consider recommending digital support services
alongsidetirzepatide prescriptions, particularly for patientswho
may benefit from additional accountability and behavioral
guidance. From aservice design perspective, our results support
investment in research and development for digital infrastructure
that facilitates engagement, particularly during early treatment
phases when engagement patterns appear to be established.

Some self-funded DWLS can exacerbate health inequalities;
therefore, future research should examine the cost-effectiveness
of such integrated DWLS compared to medication-only
approaches and explore aternative funding models, including
potential National Health Service commissioning pathways,
that could improve accessibility across socioeconomic groups
while maintaining service quality and clinical outcomes [31].
Additionally, qualitative studies exploring patient experiences
and clinician perspectives could identify specific digital
componentsthat contribute most to engagement and outcomes.
Finally, RCTs comparing different digital support intensities
would address causality questions and optimize resource
allocation.

JMed Internet Res 2026 | vol. 28 | e83718 | p. 12
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Johnson et al

Conclusions increasing over time. These findings highlight the potential
This study demonstrates that digit engagement was vgl ue qf _integrated care models combining phwmmqthqapy
significantly associated with enhanced weight loss outcomes  With digital support services. As novel obesity medications
among individuals using tirzepatide for obesity management. f:ont| nue to t_ransform treatment possibilities, _optl mizing th_e|r
By month 12, engaged participants achieved —22.9% weight implementation _through complementar_y digital strategies
loss and an absolute difference of —5.3% compared to represents a promising approach to addressing the global obesity

nonengaged participants, with differences emerging early and ~ €Pidemic.
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