Lurz et al. BMC Public Health  (2024) 24:958 BMC Public Health
https://doi.org/10.1186/512889-024-18383-3

Check for
updates

Characterization of adults concerning the
use of a hypothetical mHealth application
addressing stress-overeating: an online survey

Martin Lurz"™", Kathrin Gemesi®', Sophie Laura Holzmann?, Birgit Kretzschmar®, Monika Wintergerst*, Georg Groh?,
Markus Bohm?, Kurt Gedrich?, Hans Hauner?®, Helmut Krcmar' and Christina Holzapfel*’

Abstract

Background About 40% of people respond to stress by consuming more unhealthy foods. This behavior is
associated with increased energy intake and the risk of obesity. As mobile health (mHealth) applications (apps) have
been shown to be an easy-to-use intervention tool, the characterization of potential app users is necessary to develop
target group-specific apps and to increase adherence rates.

Methods This cross-sectional online survey was conducted in the spring of 2021 in Germany. Sociodemographic
data and data on personality (Big Five Inventory, BFI-10), stress-eating (Salzburg Stress Eating Scale, SSES), and
technology behavior (Personal Innovativeness in the Domain of Information Technology, PIIT; Technology Acceptance
Model 3, TAM 3) were collected.

Results The analysis included 1228 participants (80.6% female, mean age: 31.4+12.8 years, mean body mass
index (BMI): 23.4+43 kg/mz). Based on the TAM score, 33.3% (409/1228) of the participants had a high intention
to use a hypothetical mHealth app to avoid stress-overeating. These persons are characterized by a higher BMI
(24.02+447 kg/mz, p<0.001), by being stress-overeaters (217/409, 53.1%), by the personality trait “neuroticism”
(p <0.001), by having specific eating reasons (all p<0.01), and by showing a higher willingness to adopt new
technologies (p <0.001).

Conclusion This study suggests that individuals who are prone to stress-overeating are highly interested in adopting
an mHealth app as support. Participants with a high intention to use an mHealth app seem to have a general affinity
towards new technology (PIIT) and appear to be more insecure with conflicting motives regarding their diet.

Trial registration This survey was registered in the German Clinical Trials Register (Registration number:
DRKS00023984).
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Introduction

Stress is the temporary inability of an individual’s body
to find a specific and certain response to a perceived
load that exceeds their coping skills [1]. The number of
people suffering from stress reached new highs in 2020
and again in 2021, which may have been aggravated by
the COVID-19 pandemic [2]. According to the Ameri-
can Psychological Association, over 80% of the Ameri-
can adult population reported prolonged stress in 2020
[3]. Data from 2021 showed that 64% of the population in
Germany feels stressed at least sometimes [4].

Stress also affects eating behavior [5-8]. About 80%
of the population change their eating behavior when
stressed, with one half tending to eat less and the other
half showing hyperphagic behavior. Hyperphagia hereby
refers to the excessive consumption of food (=stress-
overeating) associated with an increased energy intake
[9]. However, not only do quantities increase, but also the
type of food changes, as people under stress tend to eat
food high in sugar, fat, and energy, such as chocolate or
fast food (=comfort foods) [10, 11]. In the Adult Study
of the Leipzig Research Centre for Civilization Diseases
(LIFE) a relationship between stress and food addiction
has been shown [12]. Moreover, some results indicate
that people store more fat under stress than when relaxed
[13]. For this reason, stress-overeating is often consid-
ered one of the reasons for the development of obesity
[14], which is a major driver for chronic diseases [15] and
non-communicable diseases such as cardiovascular dis-
eases [16], certain types of cancer [17], and diabetes mel-
litus [16]. While the increased food intake is suspected to
be caused by changes in hormone levels due to stress [10,
18], it has to be noted, that stress-overeating can also be a
symptom of an eating disorder such as Binge Eating [19].
Furthermore, it is well known, that stress is associated
with Binge Eating [20].

With the growing popularity of smartphones, mobile
health (mHealth) applications (apps) have shown to be
both a low-cost and a generally well-accepted interven-
tion tool [21, 22]. While from a clinical point of view,
the treatment of complex diseases such as eating disor-
ders requires more than an mHealth app, self-monitoring
apps showed a change in user behavior towards healthier
food choices [23]. However, currently available nutrition
apps primarily focus on tracking food intake and giving
feedback on a calorie-based level while not taking users’
circumstances (e.g., stress) into account [24]. Therefore,
digital support in stressful situations, which could lead to
stress-overeating, is currently unavailable. Furthermore,
current mHealth apps often suffer from low adherence
rates [25, 26]. One reason might be that such applications
are not tailored to the needs of specific target groups
[27], such as stress-overeaters. Additionally, only limited
information is available for this target group [28].
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This secondary analysis of an online survey [11, 29]
aimed to characterize people interested in using a
mHealth app for managing stress-overeating in a hypoth-
esis-free approach. Characteristics are based on sociode-
mographics, anthropometrics, stress-eating behavior,
eating reasons, and personality traits.

Methods

Survey

People throughout Germany were invited to participate
in the open online survey between January and April
2021. According to the Covid Stringency Index, which
was between 75 and 82.5 when the survey was conducted
[30], the government policies in Germany were quite
strict at that time (100=strictest). Nevertheless, a strong
Covid-related bias is not assumed regarding this data
since the survey was conducted online. Furthermore,
current stress levels were not asked and questions were
focused on the acceptance of a hypothetical app. Partici-
pants were recruited digitally using university internal
and external channels (e.g., newsletters, social media,
and email). Participants were invited to the online sur-
vey, including a link to the survey platform SoSci Survey
(V3.1.06). They had to confirm the data privacy state-
ment and give informed consent before participating in
the survey. Details on the survey methodology have been
published previously [11, 28].

Questionnaire

The questionnaire was developed with a team including
nutritionists, public health experts as well as computer
scientists. The final set included 38 questions (closed,
open, single, or multiple choice) about nutrition (1 ques-
tion), perception and coping with stress (4 questions),
stress-induced eating (17 questions), technology usage
behavior (4 questions), app acceptance (3 questions), and
personality (1 question). Furthermore, demographic and
anthropometric data (8 questions) were collected. Each
question was mandatory to be answered before being
able to continue. However, participants could end the
survey at any point.

The current analysis focuses on the data about the
acceptance of a hypothetical mHealth app that deals
with stress-overeating. Participants were given a short
description of a hypothetical app that would be able to
recognize stress and predict stressful situations by mea-
suring physiological parameters like pulse and track-
ing other data (e.g., location, number of diary entries,
sleep quality). In addition, this app could support users
in maintaining healthy nutrition behavior by suggesting
healthier alternatives to comfort foods [11].
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Stress-eating behavior

For the characterization of stress-eaters, the validated
Salzburg Stress Eating Scale (SSES) with proven one-
factorial, internal consistency and convergent valid-
ity was used [31]. On a 5-level Likert scale, participants
answered how they respond to stressful events. Par-
ticipants were categorized as “eats more when stressed”
(stress-overeaters, score>3), “eats less when stressed”
(stress-undereaters, score<3), and “eats the same amount
as usual” (non-stress eaters, score=3) [31].

Personality

The participants’ personality traits were assessed by using
the validated Big Five Inventory (BFI-10) questionnaire
with proven objectivity, reliability, and validity (con-
tent, factorial, and construct) [32]. The five dimensions
“Agreeableness,” “Conscientiousness,”  “Extraversion,’
“Neuroticism,” and “Openness” are displayed each by two
items. A mean score was calculated per personality trait.
Higher mean scores indicate a greater contribution of the
respective trait to the participants’ personalities.

Eating reasons

To assess why participants eat what they eat, a subset of
15 items of the validated The Eating Motivation Survey
(TEMS) with proven reliability and validity (construct,
convergent, and discriminant) [33] was included. Each
item represents a different reason to eat. A 7-level Lik-
ert scale (1=never to 7=always) was provided per item.
Higher mean scores indicate a greater importance of the
respective eating reason. Due to missing data, subscales
were not calculated.

Personal innovativeness
The participants’ attitude towards new technologies
(=hypothetical mHealth app), was examined with the

Table 1 General population characteristics
Characteristic

Number (%) of participants Mean + SD

Gender

Male 238 (19.4%) -

Female 990 (80.6%) -

Age (years) - 314+£128
BMI (kg/m?) - 234+43
Occupation

Student 658 (53.3%) -
Employee 431 (34.9%) -

Other 145 (11.8%) -
Stress-eating (SSES)

Stress-overeaters (SSES>3) 513 (41.8%) 3.69+045
Stress-undereaters 564 (45.9%) 241 +£042
(SSES < 3)

Non-stresseaters (SSES=3) 151 (12.3%) 3.00

Note N=1228. BMI=body mass index; SD=standard deviation; SSES=Salzburg
Stress Eating Scale
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validated Personal Innovativeness in the Domain of Infor-
mation Technology (PIIT) questionnaire with proven
reliability [34]. Four items were presented to the partici-
pants, each with a 5-level Likert scale. A mean score was
calculated over all items. Higher scores indicate a more
positive attitude towards the hypothetical mHealth app.

Acceptance of the hypothetical app

To assess the acceptance of the described hypotheti-
cal mHealth app, the validated Technology Acceptance
Model 3 (TAM 3) with proven reliability and validity
(convergent and discriminant) [35] was chosen. The two
dimensions, “Perceived Usefulness” (PU, represented by
4 items) and “Behavioral Intention” (BI, represented by
3 items), were used. Per item, participants answered on
a 5-level Likert scale. Mean scores were calculated for
PU and BI separately and for both dimensions together.
A higher mean score indicates a greater perceived use-
fulness or behavioral intention to use or, in general, a
greater acceptance of the hypothetical app. For a detailed
characterization of potential users, participants were cat-
egorized in terms of their intention to use the hypotheti-
cal app (BI). Therefore, the sample was divided into three
equal groups by creating tertiles (low BI: n=410; medium
BI: n=409, high BI: n=409).

Statistical analysis

As a first step, integrity and plausibility checks were
performed. For this hypothesis-free analysis, com-
pleters based on the variables of interest were included.
In total, 1480 persons started to answer the survey and
provided an answer at least for one question out of the
38 questions. Data from 1228 participants from whom
also sociodemographic data are available, were included
in the analysis. Descriptive data analyses (frequencies,
percentages, mean, and standard deviation (SD)) were
performed. Differences in mean were estimated by per-
forming the Kruskal-Wallis rank sum test and Wilcoxon
rank sum test. Pearson’s Chi-squared test was used to
examine differences in the distribution of categorical
variables. P-values calculated for the variables “Personal-
ity” and “Eating reasons” were adjusted for multiple test-
ing according to Bonferroni-Holm [36]. P-values<0.05
were considered indicating statistically significant results.
All analyses were performed using R version V1.4.1717
(R Core Team, 2020, http://www.r-project.org).

Results

General population characteristics

As shown in Table 1, data from 1228 participants were
included in the analysis. The majority of the partici-
pants (990/1228, 80.6%) were female. The age ranged
from 18 to 82 years, with the average participant being
31.4+12.8 years old and having a BMI of 23.4+4.3 kg/m>.
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Based on the results of the SSES, 41.8% (513/1228) of the
participants were stress-overeaters, 45.9% (564/1228)
were stress-undereaters, and 12.3% (151/1228) were
non-stresseaters.

Characterization of SSES groups

To gain insight into the hypothetical app acceptance
based on stress-eating behavior, the study popula-
tion was categorized by their SSES scores. As shown in
Fig. 1, ratings for PU (Fig. 1A), BI (Fig. 1B), as well as
the resulting total score (Fig. 1C) differed between the
three SSES groups. On average stress-overeaters rated all
three scores significantly higher (PU score=3.20£0.93;
BI score=3.27%+1.16; total score=3.24+0.98) com-
pared to stress-undereaters (PU score=2.89%0.93; BI
score=2.89+1.18; total score=2.89+1.00) or non-stres-
seaters (PU score=2.72%0.93; BI score=2.65+1.12; total
score=2.68+0.97), with all p-values<0.001.

Characterization of Bl groups

Table 2 shows the characterization of participants with
low, medium, and high BI as a proxy for technical accep-
tance. The distribution of gender between the three BI
groups was statistically significantly different (p=0.002).
There was no significant difference in age (p=0.26).

The mean BMI was significantly different between
the three BI groups (p<0.001): BMI of the low BI
group=22.63+3.76 kg/m?, BMI of the medium
BI group=23.50t4.54 kg/m? BMI of the high BI
group=24.02+4.47 kg/m> The portion of participants
with BMI<18.5 kg/m? was the greatest in the low BI
group (38/410, 9.3% vs. 16/409, 3.9% and 11/409, 2.7%).
The portion of participants with the highest BMI cat-
egory (>30.0 kg/m?) was the greatest in the high BI group
(18/410, 4.5% in low BI group vs. 36/409, 8.8% in medium
BI group and 41/409, 10.0% in high BI group) (Table 2).

The SSES score significantly differed between the low
BI and high BI groups and the three BI groups (p<0.001).
Furthermore, the distribution of stress-eaters was signifi-
cantly different between the three BI groups (p<0.001).
The low BI group consisted of 32.9% (135/410), the
medium BI group of 39.4% (161/409), and the high BI
group of 53.1% stress-overeaters (217/409). Stress-under-
eaters and non-stresseaters were distributed in a reversed
order (Table 2).

For personality, the degree of “neuroticism” was found
to be significantly different between the BI groups as well
as for comparing the low BI group to the high BI group
(p<0.001) with the lowest degree in the low BI group and
the highest degree in the high BI group (3.09£0.93 vs.
3.48+0.90, p<0.001) (Table 2).

Ratings of five of the 15 eating reasons showed statis-
tically significant differences between the BI groups (all
p<0.05). For all five eating reasons, the high BI group
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scored highest and the low BI group scored lowest
(Table 2).

Scores of personal innovativeness were significantly
different between the BI groups (p<0.001), with being
lowest for the low BI group and highest for the high BI
group (2.501£0.92 vs. 3.131+0.95, p<0.001) (Table 2).

Discussion

In this study, the target group of a hypothetical mHealth
app addressing stress-overeating was characterized.
Three groups significantly differing in several charac-
teristics were hereby determined on their ratings for
the intention to use such an app. As all three BI groups
include participants with a high prevalence of stress-
induced eating, a specific analysis of the different groups
is necessary.

The evaluation of the TAM dimensions among the
three different stress-eating groups showed that stress-
overeaters rated PU and BI the highest compared to the
other two stress-eating groups. This indicates that most
participants prone to stress-overeating would find it use-
ful to have a mHealth app supporting a healthier eating
behavior in stressful situations. The value of PU in this
survey is comparable to the rating of a digital diary-based
nutrition app, which has been used in a study [37]. It has
to be mentioned that in this survey the rating refers to
a hypothetical app described in the methods part and,
therefore, participants have not used the mHealth app
dealing with stress-overeating. Since it might be diffi-
cult for users to grasp the usefulness of something they
have never tried before, PU ratings might increase if
people could actually use the app in the real world. As
BI has been found to be directly influenced by PU in the
acceptance model [35], the high value in this group is
comprehensible.

The survey data showed a significant gender difference.
The greater interest of women in the supposed mHealth
app of this research confirms prior results of publications
in this area. Former studies have shown that females tend
to be more concerned with their diet and, consequently
more determined to self-regulate their eating behavior
than males [38].

Despite the highest average BMI of users in the high
BI group, detailed analysis showed that persons in differ-
ent BMI groups showed interest in the theoretical app.
Therefore, we must emphasize that recommendations
based purely on dietary energy, as it is common in many
nutrition apps [24], should not be the focus in managing
stress-overeating.

Regarding the different personality traits, values for
neuroticism— mainly associated with anxiousness,
embarrassment, and insecurity [39]— were significantly
different between the three BI groups, with the high-
est score among the participants of the high BI group.
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Table 2 Characterization of participants based on low, medium, or high Bl score
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Characteristics

Low Bl (n= 410)

Medium Bl (n = 409)

High B (n = 409)

Group differences

mean £SD or n (%)

mean £SD or n (%)

mean £SD or n (%)

p-value
(p-value® low Bl vs. high BI)

Gender®

Male

Female

Age (years)®
18-29

30-49

50-64

=65

BMI (kg/m?)P°
<185

18.5-24.9
25.0-299

>30.0
Stress-eating behavior (SSES)°
Stress-overeaters
Stress-undereaters
Non-stresseaters
Personality (BFI-10)°
Agreeableness
Extraversion
Conscientiousness
Neuroticism
Openness

Eating reasons
(I eat what | eat because...)

Ilike it.
['usually eat it.

b

I'm hungry.

itis healthy.

it is the most convenient.
to indulge myself.

out of traditions.

it is natural.

it is social.

itis inexpensive.

it spontaneously appeals to me.
I watch my weight.

I am frustrated.

I'am supposed to eat it.
others like it.

Personal innovativeness®

101 (24.6)
309 (75.4)
31.26+12.86
271 (66.1)
77 (18.8)
55(134)
7(1.7)
22.63+3.76
38(9.3)

283 (69.0)
71(17.3)

18 (4.4)
2.90£0.62
135(32.9)
209 (51.0)
66 (16.1)

3.18+£0.76
3.20+1.03
3.68+0.81
3.09+£0.93
3.65+094

6.26+0.90
5.02+1.33
555+1.24
522+122
413+1.54
4.73£145
355£1.71
433+1.79
411+£1.60
3.26£1.56
3.27+1.55
3.71£1.82
2.78+1.72
1.91£1.30
1.71+£1.04
2.50+0.92

75(18.3)
334 (81.7)
31.78+1292
254 (62.1)
88 (21.5)

62 (15.2)
5(1.2)
23.50+4.54
16 (3.9)

290 (70.9)
67 (16.4)

36 (8.8)
2.97+0.70
161 (39.4)
197 (48.2)
51(12.5)

3.24£0.75
3.24+0.75
3.58+0.78
3.26£092
3.50+0.94

6.21+093
5.00£1.28
545+1.13
516%1.22
440+144
493£1.29
3.79£1.66
437+1.77
441+1.60
342£151
3.64+1.55
397167
3.26%£1.78
218+137
1.90£1.22
2.82+0.85

62 (15.2)
347 (84.8)
3138+1268
249 (60.9)
106 (25.9)
49 (12.0)
5(1.2)
2402+447
127

262 (64.1)
95(23.2)
41(10.0)
3.17+0.82
217 (53.1)
158 (38.6)
34 (83)

3.26£0.79
3.26+£0.79
359+0.83
3.48+0.90
3.60+0.96

6.24+0.84
5.19£1.25
548+1.20
523£1.16
456152
507+127
3.76£1.76
4.27+1.80
425x1.68
345£1.58
3.86+1.60
429+1.68
3.86+1.88
2.28+149
201£1.31
3.13+0.95

0.002

0.26

<0.001 (< 0.001)

<0.001 (< 0.001)
<0.001

0.56
0.63
046
<0.001 (< 0.001)
0.25

1

0.30

0.65

1

0.002 (0.001)
0.052

0.65

1

0.18

0.65

<0.001 (< 0.001)
<0.001 (< 0.001)
<0.001 (< 0.001)
0.003 (0.002)
0.052

<0.001 (< 0.001)

Note BFI=Big Five Inventory; Bl=Behavioral Intention; BMI=body mass index; SD=standard deviation; SSES=Salzburg Stress Eating Scale

?Categorical variable, Pearson’s Chi squared test used for comparison

PNot normally distributed, Kruskal-Wallis rank sum test used for comparison

“Wilcoxon rank sum test used for pairwise comparison

Previous research has shown that unhealthy food choices
and overeating is also associated with neuroticism [40],
explaining the high percentage of stress-overeaters in
the high BI group. These results are supported by other
studies which showed a positive correlation between

neuroticism and the usage of behavior change apps in the
area of physical activity [41] and health promotion ser-

vices [42].

Looking at eating reasons, e.g., convenience (“I eat
what I eat because it is the most convenient. “) was prom-
inently high for the high BI group. This eating reason
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matches the definition of comfort foods (such as choco-
late, ice cream, or coffee) but also typical convenience
foods (such as fries and similar fast food) [11].

Eating patterns are provoked by stress [43] and negative
emotions can lead to emotional eating or rather the con-
sumption of energy-dense comfort food [11, 44]. In the
long term, frequent stress-overeating of unhealthy food
products could increase body weight. Once (unhealthy)
eating habits are established, they are hard to break [45].
At this point, the described mHealth app could recom-
mend healthier food alternatives like fruits, vegetables,
and nuts in moments of stress [11]. These recommen-
dations could help to establish a healthier stress-eating
behavior.

Finally, the high ratings for personal innovativeness
[34] in the high BI group are in line with prior research,
which showed that personal innovativeness influences BI
[46]. The significant difference between the groups indi-
cates that non-usage of a mHealth app addressing stress-
overeating might not be due to general disinterest in
nutrition support but that people with lower intention to
use such an app would maybe require more encourage-
ment and technical support to have the confidence and
trust to implement such an app in their daily life. Thus,
we suggest providing onboarding tutorials to lower entry
barriers [47].

Overall, the expected characteristics of our target
group (=high BI group) for a potential app dealing with
stress-overeating could be confirmed. Higher scoring in
“neuroticism” and the observed eating reasons go well
with the findings that this group tends to strongly rep-
resent stress-overeaters and have a higher BMI. Conse-
quently, a mHealth app for stress-overeating avoidance
should not only target the two factors stress-eating
behavior and BMI, but also consider the users’ personal-
ity and eating reasons.

The present findings are based on the intention to use
an app, which can be seen as the first step towards suc-
cessful use. Nevertheless, adherence is most important.
For continuous use, risk perception and performance
expectation [48] as well as user experience and intent
[49], next to influencing factors already presented in
this paper such as age and perceived usefulness [50] are
key. In future app developments such values should be
considered.

Our findings are not without limitations. As data were
collected through a questionnaire, response bias might
apply. Furthermore, the study population with a large
group of young females is not representative of the over-
all German population. However, our sample showed a
similar distribution of stress-overeaters as found in pre-
vious research [51]. The analysis regarding app usage
was conducted on an intentional level without obtaining
real usage data of a mobile application. The groups based
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on intention to use were empirically driven based on
the available data. For this reason, average values in the
groups may be distorted. This might be the case especially
in the group with the lowest intention, as participation
in the survey already requires a certain level of interest.
Furthermore, the analysis is focused on fully completed
questionnaires (based on the values needed). To charac-
terize eating motivation single items of the TEMS ques-
tionnaire were analyzed. Additional assessment of eating
behaviour is missing. Restrictions may also apply to other
items as all data are self-reported. Finally, data collection
took place during COVID-19-pandemic, which may have
an impact on the data on perceived stress.

Nevertheless, our research contributes to theory and
practice in multiple areas. It extends the research on
characteristics of people prone to stress-eating [28] by
providing a new perspective through insights into the
acceptance of mHealth apps addressing stress-overeating.

Conclusion

This survey showed the general interest in an mHealth
app addressing stress-overeating of the main target
group, which consists mainly of people prone to stress-
overeating. Our characterization draws the average
image of people on a more insecure side with contradic-
tory motives regarding their diet, vacillating between
comfort and control, and having a general affinity for and
the willingness to adopt new technologies. This suggests
that potential users may have the intrinsic motivation
for positive eating behavior change but need support to
implement it. In this context, a mHealth app focusing on
stress-overeating should consider peoples’ demograph-
ics, eating reasons, and personality to pursue a sustain-
able strategy for adopting a healthier eating behavior in
stressful situations.
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