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gender-sensitive mHealth intervention I-GENDO
on eating styles in individuals with overweight
and obesity — a randomized controlled trial

Caroline Seiferth"?""®, Tanja Farber''®, Magdalena Pape’®, Natalie Schoemann', Anna Dieberger*®,
Stefanie Schroeder'?®, Stephan Herpertz*®, J6rg Wolstein' ® and Sabine Steins-Loeber?

Abstract

Background Addressing cognitive behavioral factors is associated with a favorable development of eating styles (i.e,,
increased levels of restrained eating, decreased levels of external and emotional eating) in individuals with overweight
and obesity. Research suggests that the use of digital interventions that consider gender aspects regarding preva-
lence, comorbidities, and weight-related behaviors could enhance existing treatment options. This randomized con-
trolled trial aimed to evaluate the effectiveness of the self-guided gender-sensitive mobile health intervention
I-GENDO on restrained, emotional and external eating, body mass index, and physical activity at the end of the inter-
vention, and at a 9- and 15-month follow-up.

Methods Two hundred thirteen individuals (67% female, body mass index: 33.35+3.79 kg/mz) were randomly
assigned to the intervention or control group. Multilevel models were calculated to investigate differences
between groups. I-GENDO offered interactive modules addressing psychological content associated with obesity.
Users were able to self-tailor intervention content based on their individual needs and life realities.

Results Restrained eating was higher in the intervention group after the intervention (95% Cl: 0.20, 0.36)

and at 9-months (95% Cl: 0.07, 0.24). At 9-months, emotional eating among women was lower in the intervention
group compared to the control group (95% Cl: -0.44, -0,19). In the intervention group, external eating was lower
after the intervention, which remained significant for women at 9 (95% Cl: -0.40, -0.19) and 15-months (95% Cl: -0.34,
-0.13). Body mass index of men in the intervention group was 1.44 lower at 15-months than in the control group. No
significant effects on physical activity were found.

Conclusions The I-GENDO intervention was effective in changing restrained eating of both women and men
in the long-term, suggesting that a self-guided, gender-sensitive approach is promising. However, the differential
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effects on the outcome measures indicate that more research is warranted to examine distinct gender-sensitive
mechanisms of digital psychological interventions (i.e., dose—response relationship, blended counselling).

Trial registration ClinicalTrials.gov identifier: NCT04080193, 06-09-2019.
Keywords Obesity, Overweight, mHealth, Digital health, Psychology, Cognitive behavioral therapy, Gender

Background

A constant increase in body weight has been observed
over the last few decades. Global prevalence rates esti-
mate that in 2015, 1.9 billion adults worldwide were clas-
sified as overweight (body mass index, BMI: >25.00 kg/
m?) of which 609 million were affected by obesity
(BMI >30.00 kg/m?) [1]. The prevalence of overweight is
approximately similar for women (38%) and men (37%),
but women are more often affected by obesity (15%) than
men (10%) [2]. Compared to men, women with over-
weight experience higher levels of weight discrimination
[3] and weight dissatisfaction [4]. These experienced con-
sequences tend to result in women initiating weight loss
attempts more frequently than men [4], which increases
the likelihood of weight-cycling and thus weight regain
[5]. Overweight is associated with numerous adverse
physical, psychological, and behavioral health outcomes.
In addition to the short- and long-term physical health
risks [6], individuals with overweight are at higher risk
to experience adverse mental health outcomes such as
depression and anxiety, lower self-esteem, body dissatis-
faction, and self-efficacy [7, 8].

Eating styles, such as restrained, emotional and exter-
nal eating, are known to be associated with weight loss
and weight loss maintenance in individuals with over-
weight [9-11]. Restrained eating [12], that is, restricting
food intake because of weight concerns, facilitates suc-
cessful weight loss and weight loss maintenance [11].
In contrast, higher levels of reported emotional eating
[12], that is, eating because of emotional states, such as
anger or sadness, seem to present a barrier to weight loss
[10, 13, 14] and pose a risk factor for weight regain after
treatment [15]. The findings are inconclusive in studies
investigating the impact of external eating [12], that is,
eating because of external cues such as the sight or smell
of food. Some studies found high external eating to be
a barrier for long-term weight changes [9, 16], whereas
some authors state that the extent of the influence of
external eating on weight development is negligible [17].

These three eating styles are associated with different
cognitive, emotional and behavioral abilities. For exam-
ple, to successfully engage in restrained eating, a certain
degree of self-control [18] and self-efficacy [19, 20] is
necessary. Emotional eating often results from a lack of
alternative coping strategies or emotion regulation skills
needed for dealing with negative emotions or stressful

situations [21-23]. To be able to regulate nutrition intake
based on physiological internal (i.e., hunger, satiety)
instead of external cues (i.e., time of day, smell of a cer-
tain food), the ability to identify the underlying motiva-
tion for eating as well as a certain degree of food-related
inhibitory control is needed [24, 25].

Studies comparing individuals with overweight with
normal weight counterparts have shown that the psycho-
logical abilities described above differ between these two
groups. More specifically, individuals with overweight
show deficits in inhibitory control [26, 27], emotion regu-
lation [28], and interoceptive awareness [29, 30]. Moreo-
ver, an enhanced reactivity to food cues is prevalent in
this group [31]. These underlying psychological abilities
can be addressed and augmented through treatment
components of cognitive-behavioral therapy (CBT) for
obesity, such as emotion regulation skills training, prob-
lem solving, cognitive restructuring, stimulus control
training, and mindfulness interventions [32]. Implement-
ing CBT is associated with short-term weight loss [33]
and a favorable development of eating styles [34—36].

Cognitive-behavioral factors leading to and maintain-
ing excess weight can strongly vary between individuals.
A growing body of research suggests gender disparities in
weight-related attitudes and psychological mechanisms
arising from sociocultural and behavioral aspects of over-
weight that differ between gender [4, 5, 37, 38]. For exam-
ple, across all weight categories, women are more likely
to perceive their weight as higher than it actually is [39]
and to experience higher levels of internalized weight
bias [40], whereas men tend to have an inaccurate weight
perception in the opposite direction [4, 39]. Furthermore,
women are more likely to ruminate [41] and men are
more likely to engage in thought suppression [42], both
characterizing unfavorable cognitive emotion regula-
tion strategies for the development of problematic eating
behaviors. Therefore, gender-specific needs and life-real-
ities need to be identified and integrated into treatment
of overweight to target intervention content and enhance
efficacy.

Such individualization can be implemented through
tailored mobile health (mHealth) interventions [43].
Customization of intervention content can be achieved
by self-tailoring (i.e., users actively select the content
that matches their preferences and needs) and/or com-
puter-based tailoring (i.e., an algorithm processes data
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entered by users and assigns the most suitable inter-
vention content) [44—46]. A recent meta analysis indi-
cated that tailoring lifestyle interventions with regard
to gender is promising but more research in this field
is needed [47]. Hence, we developed an initial gender-
sensitive intervention approach that allowed users to
actively select treatment content individually to their
needs (i.e., self-tailoring) regardless of their biological
sex [48].

Various mHealth interventions have been shown to
be effective as a treatment option for overweight [49].
They present an effective way to provide low-threshold,
personalized treatment solutions that deliver a combi-
nation of multiple evidence-based treatment compo-
nents [50]. Most mHealth research focuses on changes
in weight and total nutrition or calorie intake [51, 52].
Eating styles are often examined as relevant outcome
measures or mediator variables for weight manage-
ment in experimental and face-to-face studies, but
mHealth studies investigating the development of eat-
ing styles are lacking. Therefore, we examined whether
an mHealth intervention influences these eating styles
in a similar fashion.

Against this background, the aim of the I-GENDO
project was the development and evaluation of a gender-
sensitive individualized psychological multi-component
mHealth intervention with self-tailoring and computer-
based tailoring elements [48, 53]. The goal of the 12-week
mHealth intervention was to target eating styles by
focusing on underlying psychological and behavio-
ral aspects. The app provided CBT components within
seven modules: goal setting and motivation, stress man-
agement skills, emotion regulation skills, dealing with
consequences of overweight, self-efficacy, self-regulation
skills, and relapse prevention. The study aimed to achieve
short-term improvements in eating styles and also to
faciliate long-term changes in physical activity and body
compensation (i.e., BMI) by implementing beneficial psy-
chological strategies through an individualized gender-
sensitive treatment approach.

The efficacy of the I-GENDO app was evaluated in a
randomized controlled trial (RCT) with a post assess-
ment and two follow-ups at 9 and 15 months. The pri-
mary aim was to enhance restrained eating and to reduce
emotional and external eating (primary outcomes) over
the course of the intervention and follow-up period. In
the intervention group, we expected a greater decrease
in emotional and external eating and an increase in
restrained eating compared to the control group. Fur-
thermore, we assumed long-term improvements in
physical activity levels and a decrease in BMI in the inter-
vention group compared to the control group (secondary
outcomes).
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Methods
The study is reported in line with the CONSORT report-
ing guidelines ( [54]; Additional file 1).

Study design

The efficacy of I-GENDO was assessed in a RCT
(NCTO04080193; 06—09-2019; Additional file 2) with a
wait-list control condition. Data was collected before
the onset of the I-GENDO intervention (baseline), at
3 months (end of intervention), 9 months (follow-up 1)
and 15 months (follow-up 2) after baseline. At each of
these four assessments, participants answered an exten-
sive online questionnaire and wore an accelerometer for
seven consecutive days. The study was carried out in
accordance with the Declaration of Helsinki. The Ruhr-
University Bochum Institutional Review Board (No.
18-6415) as well as the ethics committee at the Univer-
sity of Bamberg approved this study. All participants
were informed about the study and provided informed
consent.

Participants

Participants were recruited from August 2019 to August
2020 via study flyers, newspaper articles, social media,
radio features, and oral presentations at weight loss rehab
centers and clinical facilities. Participants interested in
study participation were asked to complete an online sur-
vey to assess inclusion criteria and screen for exclusion
criteria.

Participants were included if they a) were at least
18 years old; b) had a BMI between 30.00 and 39.99 kg/
m? or a BMI between 25.00 and 29.99 kg/m? with weight-
related health problems (e.g., type 2 diabetes, hyper-
tension) or psychosocial distress; c¢) had access to a
smartphone; d) were able to read, write and speak in Ger-
man; and e) were motivated to lose weight. The latter was
assessed by a single dichotomous item (“Do you currently
intend to reduce your weight?’, yes/no). Exclusion criteria
were a) current pregnancy; b) current (or within the last
12 months) involvement in a structured psychological
weight loss program; c) current psychotherapeutic treat-
ment of weight-related problems; d) previous or intended
bariatric surgery; e) current regular intake of drugs that
influence weight; f) untreated weight-related health
problems (e.g., hypothyroidism, chron’s disease, dys-
lipidemia); g) current substance abuse, major depression
or suicidal ideation; h) binge eating disorder or bulimia
nervosa according to DSM-5 criteria; and i) severe cogni-
tive impairments. In case of reported suicidal intentions
assessed with the PHQ-9 [55] or suspected eating disor-
der assessed with the Munich ED-Quest [56], individuals
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were contacted via phone and subsequently diagnosed
with structured interviews by experienced psychologists
and eventually referred to suitable support services.

A total of 675 individuals completed the survey, of
which 363 were excluded because they met at least one
exclusion criterion, and 99 individuals could not be
reached or lost interest in study participation. Finally,
213 eligible participants were included in the study.
All participants were randomly assigned to one of the
study arms, stratified by gender: I-GENDO intervention
(n=116, Hgpae=77) or control condition (n=97, ng,
male =00), using a computerized electronic random num-
ber generator. The majority of the participants identified
themselves as female (n=143), 70 as male, and none as
third gender.

An a priori power calculation revealed the need for
n=64 participants per group to discover a medium effect
of group differences («=0.05, 1-8=0.80). Dropout rates
of 10% for each of the four assessments were expected,
leading to a total of N=214 participants needed to be
recruited. We initially obtained 214 randomized par-
ticipants, but one person withdrew from the study and
requested deletion of data, resulting in a final analytic
sample of 213 participants. See Fig. 1 for the CONSORT
flow diagram.

Procedure
Participants were invited to an in-person appointment at
the study site in Bochum or Bamberg, Germany, where
they received instructions about the procedure of the
trial, installed the I-GENDO app on their personal smart-
phones (iOS or Android operating systems), answered
questionnaires and received an accelerometer. Study staff
was blinded to the group allocation of participants. The
in-person appointments (i.e., study enrollment) were
conducted between December 2019 and August 2020).
Participants were instructed to wear the accelerom-
eter for seven consecutive days. After this assessment
period, they were informed about their group alloca-
tion by e-mail. The interface of the app automatically
switched from assessment mode (i.e., self-monitoring) to
the control (i.e., number of days until the second ques-
tionnaire is available) or intervention (i.e., number of
days until the intervention content is available) mode.
On the next following Monday, the I-GENDO interven-
tion was released to the intervention group. Participants
in the control group received no intervention. After
3 months, both groups received the invitation to the sec-
ond questionnaire, and the app interface switched back
automatically to the assessment mode for all participants,
based on their individual start day. Given the restrictions
caused by the COVID-19 pandemic, no further in-person
assessments could be conducted. Therefore, participants
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received instructions by phone or mail, and accelerom-
eters for the 7-day assessment period were sent by mail.
This procedure was identical for the 9- and 15-month
follow-up assessments (Fig. 2). Data was collected from
December 2019 to November 2021.

All participants received a monetary compensation
of a maximum of 100€ for each of the four assessments
resulting in a maximum of 400€ each (30€ for completing
the questionnaire, 10€/day for wearing the accelerom-
eter for at least 10 h). After completion of the last assess-
ment (15 months after baseline) all participants in both
the intervention and control were granted access to the
I-GENDO intervention.

Intervention

The I-GENDO app is a 12-week self-guided multicompo-
nent mHealth intervention that offered an individualized
training program with seven modules primarily based
on a CBT approach. The personalized assignment of the
modules was based on the illness perceptions of each
participant, measured by an adapted German version of
the Illness-Perception Questionnaire (IPQ-R; [57, 58]).
Individualization was implemented through self- and
computer-based tailoring features. A detailed description
of the I-GENDO intervention has been published previ-
ously [48].

The modules focused on different cognitive, emotional,
and behavioral aspects related to weight loss manage-
ment. These were a) goal setting and motivation; b)
stress management skills; ¢) emotion regulation skills;
d) dealing with consequences of overweight such as
stigmatization and body dissatisfaction; e) self-efficacy;
f) self-regulation skills; and g) relapse prevention. The
modules were each offered in a female-targeted and a
male-targeted version, which differed in terms of prioriti-
zation of topics, knowledge transfer, and communication
style [48]. Participants were able to self-select one of the
two offered module variations. They received a detailed
description about the respective module content, but
were not aware that the variations were based on a gen-
der-specific rationale. Therefore, intervention content
was not assigned due to biological sex or gender, but was
assumed to be based on allignments with one’s interests
(i.e., gender-sensitive approach). This gender-sensitive
approach was implemented to increase the relevance and
appeal of each topic to all participants. A report about
which gender variation was selected in the intervention
group was published previously [48].

The training sessions within each module contained
psychoeducational elements delivered through texts
and videos and instructions for self-reflective and
practical exercises (i.e., mindfulness exercises, behav-
ioral rehearsal, self-monitoring of behavior, and social
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[ ] Participants screened for

eligibility (n=675)

Excluded (n=462)
363 did not meet inclusion criteria
99 could not be reached/lost interest

Randomized (n=213)

|

)

Allocated to intervention (n=116, n,=77) _,—|_/

Allocated to control (n=97, n,=66)

Assessed (=101, n,=69)

Missed 3-month follow-up (n=1, no=1)
1 no contact

Discontinued (n=14, n,=7)
4 personal reasons
10 no reason given

Assessed (n=82, n,=54)

Missed 3-month follow-up (n=1, no=1)
1 no contact

Discontinued (n=14, no=11)
8 personal reasons
6 no reason given

Assessed (n=93, n,=64) L J

Missed 9-month follow-up (n=2, n,=2)
1 no contact
1 too busy

Discontinued (n=7, n,=4)
4 personal reasons
3 no reason given

Assessed (n=68, n,=47)

Missed 9-month follow-up (n=6, n,=5)
4 no contact
2 personal reason

Discontinued (n=9, n,=3)
2 personal reasons
7 no reason given

Assessed (n=90, no=61) L J

Missed 15-month follow-up (n=5, no=5)
2 no contact

1 personal reason

2 no reason given

Assessed (n=62, n,=42)

Missed 15-month follow-up (n=12, n,=10)
6 no contact

1 personal reason

5 no reason given

Analysed (n=116, n.=77)
87 completed all four assessments (n,=58)

Analysed (n=97, n,=66)
56 completed all four assessments (n,=37)

Fig. 1 CONSORT flow diagram of the randomized controlled trial. Note. n =indicates the total number of participants included/excluded
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in the respective group at the respective point in time; n@ =indicates the total number of female participants included/excluded in the respective

group at the respective point in time

support). The modules were unlocked continuously = Measures
over the course of 12 weeks. Additionally, the app Questions about age, gender, and anthropometry (i.e.,
included optional functions such as self-monitoring, weight, height) were included in the online question-
homework sessions, and a toolbox to save favored naires. BMI was calculated by dividing the reported body
items. weight in kilograms by height in meters squared.
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Fig. 2 Intervention procedure and assessments

Eating styles

The German version of the Dutch Eating Behaviour
Questionnaire (DEBQ; [12, 59]) was used to assess eat-
ing styles. The questionnaire consists of 30 items with
three subscales: emotional eating (i.e., eating because
of different emotional states, such as anger or sadness),
restrained eating (i.e., restricting food intake because of
weight concerns) and external eating (i.e., eating because
of external cues, such as the sight or smell of delicious
food). Participants recorded their degree of agreement
to each statement from 1 (never) to 5 (very often). Mean
scores for each subscale were calculated. Higher values
indicate a stronger expression of the corresponding eat-
ing style.

Device-based measured physical activity

Physical activity (i.e., step count) was measured con-
tinuously over the course of the four 7-day assessment
periods using the tri-axial ActiGraph® wGT3X-BT accel-
erometer (firmware v1.9.2, ActiGraph, Pensacola, FL,
USA), which was attached to an elastic waist belt. Par-
ticipants were instructed to position the sensor on the
right hip, which was found to be a good placement for
the assessment of everyday physical activity [60]. Partici-
pants were instructed to wear the accelerometer during
waking hours for seven consecutive days and to only take
it off while showering or participating in other water-
related activities. Raw data was sampled at an input fre-
quency of 30 Hz and initially stored on the device. The
ActiLife® software (version 6.13.4; ActiGraph, Pensacola,
FL, USA) was used to process the raw data into meaning-
ful step count. Participants were required to provide at
least 10 h of wear time per day (valid day) for at least four
days in each assessment week to be included in the analy-
sis. Average step count per day was calculated by dividing
the total amount of steps of valid days by the number of
valid days.

Statistical analyses
Descriptive analyses were conducted using percent-
ages and frequencies for categorical variables, as well

as means and standard deviations for continuous vari-
ables. Comparisons of socio-demographic variables
and baseline values between the intervention and con-
trol group and between male and females within each
group were tested using chi-square distributions (cat-
egorical) and analyses of variance (ANOVA; continu-
ous variables). Linear multilevel regression models
were estimated using maximum likelihood to analyze
the impact of the intervention (i.e., -GENDO, control),
time (i.e., baseline, 3, 9 and 15 months), gender (female,
male) and the intervention-by-time interaction. A two-
level model structure including a random intercept was
applied. To examine the specific intervention effect on
each outcome, five separate models were specified for
each dependent variable (restrained, emotional, and
external eating, BMI, step count). All reported models
were adjusted for the baseline value of the outcome var-
iable (see Additional file 3 for models without adjust-
ment of baseline values). Mean values of each outcome
were estimated at 3, 9 and 15 months for both groups
and differences between the intervention and control
group were calculated.

To test for potential effect modification by gender,
group*time*gender interaction terms were added to
the models, and the interaction term remained in the
final model when significant interactions with gender
were detected, and estimates were reported separately
for men and women. Intraclass correlation coefficients
(ICCs) of the null models indicated that 62% (restrained
eating), 79% (emotional eating), 75% (external eating),
91% (BMI), and 62% (step count) of the differences
were due to between-person effects.

SPSS 28 (IBM Corp, Armonk, NY, USA) and differ-
ent packages of R [61] and Rstudio [62] were used for
all analyses. The ‘ggplot2’ package (v 3.3.5) was used
for visualizations [63], multilevel models were calcu-
lated using the ‘nlme’ package (v. 3.1 — 155; [64]), and
model assumptions were checked using the ‘perfor-
mance’ package in R (c. 0.8.0; [65]). The results tables of
the regression analyses were generated using the ‘sjPlot’
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package (v 2.8.10; [66]). Level for significance was set a
priori to p <0.05.

Results

No significant baseline differences in sociodemographic
variables between the two study groups were detected
(Table 1). However, women in the control group were
significantly younger than men in the control group (F(1,
209)=7.07, p=0.008, partial q2=0.033) and women in
the control and intervention group reported significantly
higher scores on the emotional eating scale than male
participants in the respective groups (F(1, 209)=14.40,
p<0.001, partial n?=0.064). Significantly more indi-
viduals in the intervention group (n=87) completed
all four assessments than in the control group (n=>56;
x*(1)=6.38, p=0.012).

Table 2 displays the model-estimated means, standard
errors, 95% confidence intervals (CI) and between-group
difference at 3, 9 and 15-month assessments adjusted for
baseline value from fitted maximum likelihood repeated
measures mixed models for the self-reported outcomes.

Individuals in the intervention group reported signifi-
cantly higher scores for restrained eating than partici-
pants in the control group at 3-month (3 =0.47, p <0.001)
and 9-month ($=0.26, p=0.033) assessment. As shown
in Table 2, the difference was 0.28 at 3 months (95% CI:
0.20, 0.36) and decreased towards 0.15 at 9 months (95%
CI: 0.07, 0.24). Although higher values were reported by
the intervention group compared to the control group
after 15 months (difference: 0.13, 95% CI: 0.04, 0.22),

Table 1 Baseline characteristics
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this difference was only marginally significant (p=0.23,
p=0.069). We found no gender differences in interven-
tion effects.

A gender-specific effect of the intervention was found
for emotional eating, as indicated by a significant inter-
action between group, time, and gender. Women in the
intervention group reported significantly lower emo-
tional eating at the 9-month assessment compared to
women in the control group (p=-0.34, p=0.013; dif-
ference -0.32, 95% CI: -0.44, -0.19). No significant dif-
ferences were found immediately after the intervention
(3 months; p=-0.15, p=0.260) or in the long-term
(15 months; p=-0.23, p=0.103). Men reported no signif-
icantly different values across groups at any assessment,
indicating that the intervention had no significant effect
on emotional eating in men (all ps>0.10).

Women and men in the intervention group reported
significant lower levels of external eating than partici-
pants in the control group. Females in the intervention
group reported decreased levels of external eating in
comparison to the women in the control group at the end
of the intervention (difference at 3 months: -0.20, 95% CI:
-0.30, -0.10; B=-0.26, p=0.031) and at follow-up (differ-
ence at 9 months: -0.29, 95% CI: -0.40, -0.19, 3=-0.39,
p=0.002; difference at 15 months: -0.23, 95% CI: -0.34,
-0.13; p=-0.31, p=0.017). In males, external eating was
only significantly lower in the intervention group imme-
diately after receiving the intervention (difference at
3 months: -0.30, 95% CI: -0.45, -0.15; f=-0.31, p=0.016).

Variables Overall Control Intervention
Control Intervention Female (n=66) Male (n=31) Female (n=77) Male (n=39)
(n=97) (n=116)
Demographics
Age (in years); M (SD) 4545 (12.66) 47.27 (11.65) 43.24 (12.86)* 50.16 (11.00) 4640 (12.22) 49,00 (10.38)
High School Degree; n (%) 25 (25) 36 (31) 17 (26) 8 (26) 25(32) 11(28)
Married or living with a partner; n (%) 79 (81) 91 (78) 52 (79) 27 (87) 57 (74) 34 (87)
Weight and body composition
Weight (in kg); M (SD) 97.65 (14.84) 98.34(15.39) 94.24 (13.43) 104.90 (15.31) 93.44 (12.56) 108.03 (16.02)
BMI (in kg/mz); M (SD) 33.07 (3.79) 33.58(3.79) 3323(3.74) 3272 (3.92) 33.75(3.69) 33.23(4.02)
Eating Styles
Restrained Eating; M (SD) 2.80(0.58) 2.70(0.58) 2.83(0.58) 2.75(0.58) 2.78 (0.55) 2.55(0.62)
Emotional Eating; M (SD) 3.12(0.95) 3.05(1.03) 3.36 (0.86)*** 2.59(0.94) 3.30 (0.95)*** 2.57(1.02)
External Eating; M (SD) 347 (0.62) 3.48(0.67) 3.54(0.65) 333(0.54) 3.52(0.66) 342(0.71)
Physical activity?
Step count per day; M (SD) 7296 (3020) 6831 (2251) 7196 (2756) 7505 (3559) 6765 (1965) 6966 (2776)

BMI body mass index. Asteriks in column 4 (control/female) and column 6 (intervention/female) indicate significant baseline differences between female and male

participants in the respective group. *p <0.05, *** p <0.001
n=19%4
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Compared with the control group, the assignment
of the intervention resulted in a statistically significant
long-term weight loss for men (difference at 15 months:
-1.44, 95% CI: -1.97, -0.91; p=-0.36, p<0.001). Immedi-
ately after the intervention the difference was -0.84 (95%
CI: -1.35, 0.33; B=-0.21, p=0.016) and increased to -1.00
BMI points (95% CI: -1.54, -0.47; B=-0.25, p=0.008) at
9 months. The intervention had no significant effect on
women’s BMI. Figure 3 displays the between-group dif-
ferences for each outcome at each assessment.

No baseline adjusted differences between men and
women at 3 (74.64, 95% CI: -460, 609), 9 (230, 95% CI:
-147, 608) and 15 months (277, 95% CI: -91, 646) were
found between the intervention and control group for
step count, indicating that the intervention had no effect
on this physical activity measure (Additional file 4).

Discussion

The aim of this RCT was to investigate whether a gender-
sensitive psychological mHealth intervention based on
CBT improves eating styles by addressing the underlying
psychological skills. Overall, our mHealth intervention
achieved favorable long-term (15 months) changes in
restrained eating for women and men and in external eat-
ing for women. Additionally, the I-GENDO intervention
led to a statistically significant decrease in men’s BMI.
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Restrained eating

Our results show that men and women in the interven-
tion group, compared to controls, showed improvements
in restrained eating immediately after the intervention
(three months after baseline), which were also observed
at follow-up at 9-months and, with marginal significance
at 15 months. This result is promising because in face-to-
face intervention studies increased levels of restrained
eating are known to be predictors of weight loss and
weight loss maintenance [11] and related to long-term
success [67]. Research also shows that restrained eating
has a preventive effect on weight gain, even when eating
habits that are normally associated with weight gain are
prevalent, for example, loss of control eating [17].

Bijholt and colleagues [68] investigated women dur-
ing the postpartum period with a history of excessive
gestational weight gain using the INTER-ACT mHealth
intervention in combination with face-to-face contact.
They also found a favorable increase of restrained eat-
ing, but the effect was only short-term immediately after
the intervention and was not evident at the 6 month
follow-up [68]. In our study, the effect was still pre-
sent at 9 months, and it was also present in men. While
the general principles of the INTER-ACT interven-
tion were goal setting and motivational tips [69], the
I-GENDO intervention included highly interactive and
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Fig. 3 Intervention effect for each outcome at each assessment. Note. Between-group differences (black=intervention group, gray = control group)
adjusted for baseline value for a) restrained eating, b) emotional eating, ) external eating, d) BMI at each assessment for each gender. Significant
(p <.05) and marginally significant interactions (p <.10) are indicated by the p value
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cognitive demanding content for knowledge acquisi-
tion, self-reflection, and exercises for knowledge trans-
fer. These behavior change techniques and components
of CBT are also implemented in effective face-to-face
studies addressing eating styles [36]. Overall, increasing
restrained eating plays an important role in conventional
obesity treatments, and we showed that these sustained
effects can also be reached by using our I-GENDO
mHealth intervention.

Emotional eating

Contrary to assumptions, the I-GENDO interven-
tion elicited no long-term changes in emotional eating
in either men or women. We only observed an effect
after 9 months in women, which was not maintained
at 15 months. This was unexpected because emotional
eating is associated with a decreased ability to regulate
emotions [70], and the intervention content was specifi-
cally designed to empower the participants to identify
unfavorable emotion regulation strategies (i.e., eating to
suppress feelings, rumination) and to adapt and build
substantial emotional competences.

These findings may be related to the challenges posed
by the digital implementation of emotion regulation
strategies. CBT has been shown to be effective in the
treatment of obesity in face-to-face settings [34]. There-
fore, the I-GENDO intervention included several evi-
dence-based CBT principles that targeted emotional
competences (i.e., identify warning signs, build helpful
habits, problem solving, and relaxation). Studies inves-
tigating the effects of self-guided digital interventions
in non-clinical samples showed that the digital adap-
tation of CBT successfully led to favorable changes in
stress, mindfulness, and eating behaviors [71, 72]. Nev-
ertheless, a lack of studies have validated the effective-
ness of CBT strategies that target emotion regulation in
mHealth programs for the specific target group of indi-
viduals with overweight and obesity [73, 74]. Therefore,
we question whether a self-guided mHealth environment
represented a feasible approach to substantially change
emotional processes in emotionally burdened individu-
als as in the present sample. These considerations are
particularly reasonable in light of the fact that meaning-
ful differences in restrained eating were elicited by the
I-GENDO intervention. In such conditions, the cogni-
tive approach of an mHealth intervention may be more
suitable because restrained eating behavior is associated
with predominantly cognitive processing (i.e., goal acti-
vation) and executive functions (i.e., inhibition control)
[75, 76]. Thus, we assume that to significantly change
emotional strategies an individualized blended interven-
tion approach or even a face-to-face setting is needed.
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Another possible explanation for the lack of long-term
changes in emotional eating might be that participants
differ in the level of knowledge and awareness about the
effects of emotions on eating. Thus, participants who
have less access to their emotions might need more sup-
port and time gaining insight into emotions and possibly
need more time practicing new emotion regulation skills,
whereas those aware of their emotions and individual
emotion-regulation skills could find cognitive restruc-
turing more helpful [77]. A noteworthy consideration is
that the time and dose offered by the I-GENDO interven-
tion was not sufficient to change emotional processes.
Our results suggest that access to own emotions, emo-
tion regulation strategies already used, and the degree
of trait emotional intelligence should be assessed before
the beginning of the intervention [21]. The intervention
should then be adapted accordingly to the affect-related
psychological needs of the person.

External eating

The intervention was effective for female participants
immediately after the intervention and at both 9-month
and 15-month assessment compared to the control
group. In contrast to our expectations, we observed an
intervention effect for male participants only immedi-
ately after the intervention, not at the 15-month follow-
up. A pronounced external eating style is associated with
a reduced ability to perceive internal bodily cues (i.e.,
hunger, satiety) [78] and a higher attentional bias for food
cues [24, 79]. Furthermore, external eating is associated
with overconsumption [17], binge eating [80], and food
craving [16].

A review of mHealth interventions in obesity treat-
ment that focus on changing external eating showed
that such interventions focus predominantly on promot-
ing mindfulness-based eating awareness. This strategy is
considered as an antagonist of external eating because
it represents the ability to perceive internal signals (i.e.,
hunger, satiety) and to guide eating behavior accordingly
[81]. The main criticism of the reviewed studies was that
the key features of the apps (i.e., eating timers, hunger
rating apps, diaries) were not sufficient to establish a
mindfulness-based eating style. In contrast, our multibe-
havioral I-GENDO intervention offered more compre-
hensive and diverse features developed to teach mindful
eating as an alternative strategy to external eating (i.e.,
guided eating meditations, strategies involving the five
senses, integration of mindfulness into daily life). These
aspects might explain why participants in our study had
favorable values in external eating immediately after the
end of the intervention. However, an interesting find-
ing is that the effect was not maintained for men. We
assume that women benefitted in the long-term because
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they might have adopted the strategies and mindset into
their everyday life. This is reasonable since research indi-
cates that women tend to benefit more from mindfulness
interventions than men [82].

BMI and physical activity

Our intervention led to a small but sustained BMI
decrease in men, which was statistically significant but
not clinically relevant (< 5% weight loss). Furthermore, we
found no improvements in physical activity in the inter-
vention group for men and for women. The I-GENDO
intervention primarily sought to change psychological
aspects of eating behavior and eating styles. We had no
assumptions that our intervention would have a short-
term impact on weight or exercise behavior because we
prescribed no specific nutritional or activity recommen-
dations (such as low-fat diet or minimum step count).
However, we assumed that BMI would decrease and that
physical activity would increase in the long-term. We
hypothesized that learned psychological skills and strate-
gies such as goal setting might also affect physical activity
and that improving eating styles would also affect weight
development, but we found no evidence for these effects.
Apparently, working primarily on psychological factors
associated with weight management had no clinically
relevant effect on BMI or physical activity in the long-
term. However, mHealth studies that have provided spe-
cific behavioral instructions also show only ambiguous
or inconsistent results on the clinical relevance of weight
loss or long-term effects [83].

Perhaps an mHealth intervention would be more ben-
eficial on the BMI or physical activity, if an individualized
CBT-based mHealth approach was combined with con-
crete behavioral suggestions such as calorie restrictions
or a daily exercise goal. Just-in-time-interventions that
offer treatment strategies tailored to the actual behav-
ior show promising results for increasing physical activ-
ity [84]. However, a stand-alone self-guided mHealth
intervention might not be sufficient enough to substan-
tially change behavioral outcomes and perhaps should
therefore be combined with traditional face-to-face
approaches.

Limitations and strengths

Our study has some noteworthy limitations. First, the
significant differences in attrition rates between the
control and intervention group represent a weakness
of the study (dropout rates: 42% vs. 25%). Although
participants in the control group were given access
to the app after the end of the study, and the finan-
cial incentives were the same for both groups, being
assigned to the control condition during this phase
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of behavior change (i.e., motivation to lose weight,
high expectancies) could have understandably elicited
frustration and contributed to a higher dropout. This
phenomenon has also been observed in comparable
mHealth RCTs [85]. We considered these differences
by implementing a multilevel model approach, which
is robust to the biases of missing data and represents
an intention-to-treat approach [86]. Second, we veri-
fied that all participants were motivated to reduce
weight, but since no validated questionnaire was used,
we cannot explore the extent to which specific moti-
vations for weight loss (i.e., health, appearance, social
pressure) have affected study participation. Third,
our app allowed users to independently select one of
two gender-specific variants for each module and was
thus gender-sensitive (self-tailoring). Although this
innovative technological approach is very promising
because of the established sex differences in obesity
treatment, the lack of a comparison group with a non-
gender-sensitive app precludes the conclusion that
this gender-sensitive structure contributed to greater
effects. This comparison still needs to be verified in
future studies.

Moreover, this study was conducted over the course of
the COVID-19 pandemic. Due to the different times of
study enrollment and data assessment periods, it is not
possible to systematically investigate whether or to what
extent different restrictions in the different parts of Ger-
many may have influenced the study implementation and
results. This should be noted as a potential influencing
factor, as there are recent studies showing that the pan-
demic had an impact on various health behavior [87, 88].
Furthermore, the periodic contact restrictions have hin-
dered the objective collection of anthropometric data at
the study sites.

A strength of the current study is that the development
of the I-GENDO intervention was guided by a partici-
pative and iterative research process, actively involving
patients as well as experts in the treatment of obesity.
Overall, the intervention was well received by the partici-
pants [48] and compared to other lifestyle mHealth self-
monitoring intervention groups (range: 5%—55%), we
observed a relatively low drop-out rate in the interven-
tion group (25%) by the 15 month [89]. Most interven-
tions in obesity treatment do not take different gender
preferences into account [90]. Therefore, we developed
a gender-sensitive, computer- and self-tailored interven-
tion, which reflects an attempt to integrate a gender-sen-
sitive approach. Our results show that we succeeded in
designing a self-guided mHealth approach, that targets
women and men, which results in differential but favora-
ble effects for both genders.
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Conclusion

This study demonstrated that the gender-sensitive
multi-component self-guided mHealth intervention
I-GENDO provides long-term benefits from restrained
eating for women and men with overweight and obe-
sity who are motivated to lose weight but not from
emotional eating and only beneficial changes in exter-
nal eating for women. We assume that restrained eating
might be feasible to target with a CBT-based mHealth
approach because it is associated with more cognitive
processes that can be implemented and modified in a
self-guided matter. In contrast, emotional processes that
are associated with emotional eating might be better
addressed via blended counseling approaches because
they allow a more profound examination and interac-
tion with these topics in face-to-face settings. For BMI
and physical activity, the stand-alone I-GENDO inter-
vention elicited no clinical meaningful effects. There-
fore, we recommend our gender-sensitive mHealth
intervention especially when the focus is on chang-
ing restrained eating behavior (i.e., individuals with
decreased food-related inhibitory control). For further
outcome measures associated with weight management,
like emotional eating, BMI, and physical activity, our
app is not sufficient alone and can therefore be recom-
mended as a valuable add-on treatment in combination
with a face-to-face intervention.
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