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Abstract

Background: Dietary management plays a crucial role in the treatment of patients with ulcerative colitis (UC). While various e-ser-
vices provide dietary advice, the long-term dietary management requires continuous monitoring and dynamic adjustment to accom-
modate the evolving nature of the disease and meet the patients’ nutritional needs. Consequently, the development of a novel dietary
management tool that incorporates diet tracking, personalized nutritional feedback, and evidence-based advice becomes imperative.
This study aims to address this need by developing a WeChat applet called “HealthyGut” specifically designed for the dietary man-
agement of UC patients, and evaluate its feasibility, acceptability, and preliminary efficacy.

Methods: A total of 134 UC patients were equally allocated into the intervention group (receiving a 12-week mobile-based
dietary management via HealthyGut) and control group (receiving a paper-based food diary and routine advice). The feasi-
bility outcomes were recruitment, retention, engagement, satisfaction, and acceptability in the intervention group. Dietary
intakes were effective outcomes.

Results: Both groups had satisfactory retention rates (89.6% and 77.6%, respectively). The System Usability Scale in the
intervention group vyielded “good usability” with a mean score of 79.63 (SD 7.39), and all participants reported good
user experiences and perceived benefits after using HealthyGut. At week 12, intervention responders reported significantly
higher daily energy intake than control group (Z=-3.089, p=0.002).

Conclusions and Implications: The results display that HealthyGut as a dietary management tool is feasible and accepted by
UC patients, and it may help them make healthier food choices. Larger sample studies should be considered in the future.
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Despite new evidence linking diet to inflammatory
bowel disease (IBD),* ' its long-term dietary management
with continuous monitoring and dynamic adjustment remains
a significant challenge. It is a complex multi-factor dynamic
adjustment process in which the type, size, and frequency of
food intake, food pairings, and cooking methods must be
adjusted based on disease stages, nutritional needs, dietary
contexts, and patient preferences.'"'? Dietitians and gastroen-
terologists provide dietary tracking, nutritional support, and
recipes during hospitalization.'® Patients with UC suffer
improper dietary intake or excessive dietary restriction due
to uncertainty of the association between diet and health and
dietary cognitive bias, resulting in aggravating intestinal
symptoms, malnutrition, disease relapse, or serious complica-
tions such as intestinal obstruction or bowel perforation.'*®
Consequently, in-home dietary management remains a
crucial yet weak link.

Previous studies have demonstrated that evidence-based
dietary interventions incorporating real-time monitoring,
dynamic diet evaluation, and tailored feedback are essential
for ensuring consistent access to affordable and sustainable
health benefits.'*° However, it is difficult for conventional
interventions to provide real-time monitoring, tailored feed-
back, and user-centered care. A food diary is a dietary self-
monitoring method used to record diets for a dietician or
clinician to review at the next in-person meeting that can
be incorporated into ongoing treatment.>' Despite their lim-
itations, self-report methods remain the only validated
methods for measuring dietary intake in free-living situa-
tions,”? which can help raise awareness and improve food
choices. Despite the importance of self-monitoring in
recovery, nonadherence is commonly observed among
patients who are asked to maintain a paper-based dietary
diary because of feedback lags or lack of reflection.

The utilization of eHealth has the potential to enhance
and streamline data collection and assessment, thereby benefit-
ing a wider demographic.”® The prevalence of smartphone
applications designed to manage personal diet has surged in
recent times, owing to their cost-effectiveness, ubiquitous
availability of health-related information, and the added
advantages of interactivity and customization. Nevertheless,
a significant proportion of commercially available apps are
not scientifically developed, based on behavioral theory or evi-
dence, and have yet to undergo rigorous evaluation.”**
Additionally, some dietary management applications, which
are grounded in sound scientific principles, are solely
employed for the collection of nutritional data without any
intention to evoke behavior change.*'*® Consequently, there
is a pressing need for a novel dietary management app that
encompasses both real-time dietary tracking and customized
dietary feedback, tailored to the user’s unique attributes and
nutritional needs, including age, gender, nutritional status,
disease condition, and eating preferences.

HealthyGut is a WeChat applet developed to address
these issues by providing dietary tracking, tailored

feedback, and user-centered dietary advice for patients
with UC in China. This study aims to investigate the feasi-
bility and acceptability of HealthyGut and compare the
effects of mobile-based and traditional paper dietary
records on dietary intakes in patients with UC through a
pilot study.

Method

Design and setting

This study was a 12-week, multicenter, prospective rando-
mized controlled trial with parallel groups and equal ran-
domization (1:1). Written informed consent was obtained
from all participants. This study was approved by the
Ethics Committee of the Affiliated Hospital (Project
approval number: KY2021081). The trial was registered
in Chinese trial register (trial-ID: ChiCTR2100051539).

Participants and recruitment

The study was advertised via text messages, posters, and
social media at gastroenterology clinics in four tertiary hospi-
tals in Nanjing. Patients aged 1865 years diagnosed with UC
at least 6 months before the study were recruited. Patients had
to have daily access to a smartphone and be willing and able to
perform dietary self-management to be eligible. The exclusion
criteria were as follows: (1) pregnant or lactating women; (2)
severe psychiatric illness and physical disabilities; (3) concur-
rent diagnosis of diabetes, kidney failure, or other chronic dis-
eases; (4) following any special diet or dietary pattern
(vegetarian, vegan, or related to particular religious or social
traditions); and (5) participation in other dietary education or
research programs.

HealthyGut applet

HealthyGut is a mobile-based tool designed to assist
patients with UC in making healthier food choices
through real-time dietary tracking, tailored feedback, and
user-centered dietary advice. HealthyGut was developed
using an online platform based on WeChat, currently
regarded as the most popular social media platform for
the general public in China.?” The specific content and fea-
tures of HealthyGut were developed by a multidisciplinary
team with expertise in nutrition, gastroenterology, nursing,
behavioral science, and psychology, ensuring that the solu-
tion was underpinned by strong science.

The design process followed a user-centered approach,
incorporating the perspectives and feedback of patient
representatives (n=35) who actively participated in group
discussions at various stages of design, implementation,
and system refinement. This comprehensive approach
ensured continuous user involvement throughout the entir-
ety of the design and development process. Finally,
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HealthyGut consists of two functional components: a
patient applet for patients with UC and a care provider plat-
form. This project required four functional modules: user
management, diet recording, nutritional feedback, and
dietary advice. The detailed contents of the applet are pre-
sented in Figure 1.

Participants were asked to register and complete a com-
prehensive assessment of the user management module,
including demographic information (age, sex, education,
income, country of birth, and marital status), disease

condition (diagnosis date, disease location, disease stage,
extraintestinal manifestations, and current medications),
nutritional status (height, weight, and physical activity
level), and dietary conditions (food preference, drinking
history, and dietary intolerance) upon downloading the
app. Once all assessments were completed, all data were
integrated to set personalized goals for energy and nutrient
intake according to recommendations from nutrition and
diet guidelines of patients with UC.”*® Participants
recorded their daily diet in the diet recording module by

B8R b = Q) < ARRE S G(O)

| 2%
FREETE): 0530
SRS

| BB A GRaRAD)
©

| &mEAGES)

©
I

& Sh@itmaneaty

ERHE BRIk
N | REam
6300k @I Om P
2 e

S

#il SRR
() (b)
DAL & = ) < BRI . =@

EHER s
BEER PARE
EFREE
KN : a 6
ERRR
ish - om ..
184
(3] — =
e 2te waks Pl REFW
HERn
POHRE
8 1 4 ® 881
[[F:25=53 s |UAEERN Ei)
S CIBRR
=04 ARG -
(e) ®

< e X = (O] <

e 162 5kcal b
T 19.2kcal
450.0kcal-
e 139 Skeal 50.Okcal ®, KEZBT
o0 ore! EARAE, b
s 0.0kcal Okeal-200kcal
s 1500.0kcal
EEIN az1.2keal o
BRIEBITI R R25-305
7, REEIEFHIYERILA o
WHRRE, LLMEZE. 8. & %, T
REERF AW ZAEFANGL, M "
. =& 0E, TEIBVEN
RN R,
B0 TUESS LW E sl 220

BhnEH o -0

#m it BELES
1/,
e
=
100 +
Pla e
- 2023-6-20848 =
o BRI
- B~
g nmpens ¢ T —— 100, At
(& il
@ N ERARHER il
- NEE
| 2 3
B
e 4 5 6
s
0]

10:38

FIN= Y

Figure 1. Screenshots of the used healthyGut applet. (a) Home page (daily Check-in, diet record, weight record, drinking record, stool
record, exercise record); (b) Diet record (meal times, meal locations, pre- and post-meal photographs of food and beverages); (c) Food
selection for each meal (breakfast, lunch, dinner, and snacks); (d) Corresponding portion sizes selection; (e) User center (health

information, nutritional report, dietary advice, and laboratory tests uploaded); (f) Health report (disease condition, nutritional risk score,
nutritional status, anxiety conditions); (g) Nutritional evaluation report (actual intakes of energy and nutrients, personalized goals); (h)

Dietary advice.
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selecting dishes and foods consumed from the applet menu,
and the corresponding portion sizes for each meal (break-
fast, lunch, dinner, and snacks). We designed the nutritional
evaluation module that incorporated a food analysis
program utilizing the Chinese Food Composition
Database® to automatically calculate the daily intake of
energy and nutrients. Upon completion of a full day of
dietary records, participants were able to access a nutri-
tional feedback module containing a daily report of nutri-
tional evaluation. Participants were instructed to upload
pre- and post-meal photographs of food and beverages con-
sumed when it was inconvenient to record the weighed
food. Food was photographed using a phone camera posi-
tioned at a distance of 20 cm away from the center of the
meal plate. Prior to the photography session, participants
were instructed to arrange the food items in a flat manner
on the meal trays, if feasible, to enhance visibility.
Additionally, they were directed to position the trays on a
measuring place mat, measuring 40 cm in length and
30 cm in width, which was provided by the researchers.
This aided in accurately estimating portion size and color.
In the event that the food items were difficult to identify
in the photograph uploaded, participants were encouraged
to input the corresponding food name into the designated
text box in the dietary recording module. Two trained ana-
lysts who were registered dietitians then received notifica-
tions on the care provider platform and could browse the
uploaded food photographs and independently enter diet
data based on their professional judgment. Discrepancies
in dietary intake were resolved through discussion. If parti-
cipants did not submit any entries for a month, a reminder
message was sent to them for three days, followed by a
phone call from the research staff. Participants who failed
to submit any entries after being reminded were considered
dropouts. Upon completion of the diet entry via the admin-
istrator port by the dietitian, the participant is able to
promptly access the daily nutritional evaluation report in
the nutritional evaluation module. In light of the 3-day
food records, personalized dietary recommendations were
formulated in accordance with the balanced dietary princi-
ples of the food pyramid for individuals with UC.’
Simple suggestions such as advising decreased intakes of
red meat or increased intakes of vegetables were included.
Dietitians provided monthly suggestions for recipes that
closely resembled the participant’s original diet. The
dietary advice module enabled participants to review all
of the aforementioned information.

Procedures

After completing the surveys and anthropometrics, all par-
ticipants were trained by trained research staff to complete
food diaries. Verbal and written instructions were given to
participants for estimating portion sizes and selecting food
items from the applet to obtain an accurate estimate of

dietary intakes. Participants in the intervention group
were assisted by a trained research assistant to download
HealthyGut app on their smartphones and were instructed
to record their daily diet for at least 3 days a month.
Participants in the control group were asked to submit
their paper food diaries monthly and received no targeted
dietary advice but routine diet education. Both groups
received the same culturally appropriate educational mate-
rials to encourage healthier eating behaviors. The pilot
trial duration was 12 weeks.

Measures

The assessment of the program feasibility included recruit-
ment rates and retention of enrolled participants, defined as
at least 60% adherence to completing three or more full
days of food diaries per month during the 12 weeks.
HealthyGut acceptability was assessed using quantitative
and qualitative data. Participants were asked to complete
the 10-item System Usability Scale (SUS),*° rated on a
5-point Likert scale from strongly disagree to strongly
agree, to assess the usability of the system at week 12.
Scores >68 indicated above-average usability.?'
Moreover, semi-structured interviews were conducted by
the first author following the 12-week program with those
who agreed to participate to gain additional insights into
their perceptions of using HealthyGut and suggestions for
improvement. The first author is a PhD candidate who
has studied qualitative research knowledge and interview
skills systematically and detail. Two pilot interviews were
carried out before the interviews began, but were not
included in analysis. Saturation was reached after 19 inter-
views. Participants’ characteristics are illustrated in
Table S1. Every interview lasted 30-60 min in a quiet
room that was acceptable to the interviewees. Repeat inter-
views were not carried out in this study, and transcripts
were not returned to informants for comments.

Preliminary exploratory outcomes were assessed using
dietary intakes of patients with UC. The daily intake of
each energy and macronutrient was estimated using the
average of two or three consecutive days from a dietary
diary at baseline and week 12.

Data analysis

Quantitative data were analyzed using SPSS (version 22.0).
Frequencies, percentages, means, and standard deviations
were calculated for descriptive analysis. Categorical vari-
ables were tested using the chi-squared test or Fisher’s
exact test where appropriate. Paired t-tests were used for
pre-and post-intervention comparisons of each group, and
two-sample t-tests were used to compare differences
between groups. For non-normally distributed data,
median (interquartile range) was used for descriptive ana-
lysis, Mann-Whitney U tests for between-group



https://journals.sagepub.com/doi/suppl/10.1177/20552076231205741

Tu et al.

comparisons, and Wilcoxon signed rank tests for
within-group comparisons. P<0.05 was considered statis-
tically significant.

The interview data were audio-recorded and then tran-
scribed verbatim. The interviews were analyzed using the
conventional content analysis method. Two researchers
separately coded an initial sample of transcripts, and dis-
crepant coding was discussed until inter-rater reliability
was achieved (Cohen’s kappa>0.8). The quotes used in
this paper were translated into English by the first author
and later discussed and compared with the original
wording by the research group.

Results

From March 2021 to September 2022, a total of 218
patients with UC were evaluated for inclusion, of whom
70 (32.1%) were excluded. Of 148 enrolled participants,
134 consented and were randomly assigned to one of the
two groups using random tables, with 67 participants in
each group. A flowchart of the patient recruitment is pre-
sented in Figure 2.

The baseline characteristics of participants in each group
are summarized in Table 1. Most participants were in remis-
sion (n =96, 85.7%), and the average age was 37.90 years.
A total of 95 individuals had received dietary guidance
from healthcare providers in the last year, but only 14.3%
(n=16) had kept a paper or electronic food diary. No sig-
nificant differences existed between the two groups regard-
ing the baseline demographic and clinical characteristics.

Compliance was reasonable among the intervention
group members, with 55 (82.1%, 55/67) providing com-
plete dietary records for at least three consecutive days,
per month for three consecutive months and a further five
participants provided four days of dietary intake. A total
of 37 participants (61.7%) completed compliance logs to
record their food intake without a reminder, while 18.3%,
5%, and 15% completed dietary records after one, two,
and three reminders, respectively. The mean number of
days logged for food was higher in the intervention
group, with an average of 15.1 days (SD 5.9 days),
whereas the control group had a lower mean of 7.2 days
(SD 2.8 days). No related or unexpected adverse events
were reported.

At the end of the study, seven participants (10.4%)
assigned to the intervention group dropped out for
reasons such as progressive disease (n=4), loss to
follow-up (n=1), and withdrawal for personal reasons (n
=2). Participants who remained until the end of the study
did not display any significant differences in any of their
demographic and clinical variables compared to partici-
pants who dropped out.

This study was designed to be completed within 12
weeks. More than four-fifths of participants (n=350) in
the intervention group used all three modules, and eight
(13.3%) used at least two modules. Most participants in
the intervention group (n=41, 68.3%) used the applet to
upload photographs and texted food information, and
31.7% of participants reported weighed dietary records at
each meal. The mean number of photographs submitted

| Interested patients screened (n=218) |

o | Excluded(n=70)

A 4

Enrollment

Not meeting inclusion criteria(n=70)

Patients eligible for participation (n=148) |

Excluded(n=14)

Delined to take part (n=5)
Could not be contacted (n=4)

A 4

Unable to arrange for baseline
assessment (n=3)

| Consented and randomized (n=134) |

Not meeting inclusion criteria (n=2)

]

Control group (n=67)
Paper-based dietary record and
advices

Lost to follow-up (n=6)
Progressive disease (n=5)
‘Withdraw for personal reasons
(n=4)

A

complete data (n=52

Allocation

< Follow-up Withdraw for personal reasons

Analysis

v

Intervention group (n=67)
HealthyGut program

Progressive disease (n=4)
Lost to follow-up (n=1)

(n=2)

A

complete data (n=60)

Figure 2. The flow chart of participants’ recruitment.
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Table 1. The baseline characteristics of participants.

Gerder, n(%)

Male

Female

Age, years, mean (SD)
Marital status, n (%)
married

Single or divorced
Educational level, n (%)
Elementary

Middle or high school
Bachelor

Master

Living place, n (%)
Urban

Suburban

Rural

Clinical disease activity
Remission

Active disease

BMI, years, mean (SD)
Disease duration, years, mean (SD)
medication currently used
None

5-aminosaliculic acid
steroids

immunomodulators Biologics

Have received dietary guidance from HCP

in the last 12 months, n (%)

59(52.7)
53(47.3)

37.90(11.35)

91(81.3)

21(18.7)

3(2.7)
27(24.1)
73(65.2)

9(8.0)

92(82.1)
13(11.6)

7(6.3)

96(85.7)
16(14.3)
21.75(3.02)

7.41(5.68)

11(9.8)

57(50.9)
26(23.2)
20(17.9)

95(84.8)

36(60.0)
24(40.0)

37.45(12.32)

46(76.7)

14(23.3)

2(3.3)
12(20.0)
43(71.7)

3(5.0)

50(83.4)
5(8.3)

5(8.3)

52(86.7)
8(13.3)
21.78(3.00)

7.43(6.26)

6(10.0)

30(50.0)
14(23.3)
10(16.7)

50(83.3)

23(44.2)
29(55.8)

38.42(10.20)

45(86.5)

7(13.5)

1(1.9)
15(28.9)
30(57.7)

6(11.5)

42(80.8)
8(15.4)

2(3.8)

44(84.6)
8(15.4)
21.71(3.08)

7.38(4.99)

5(9.6)

27(51.9)
12(23.1)
10(19.2)

45(86.5)

0.096

0.297

0.182

0.330

0.348

0.757

0.492

0.073

0.946
0.839
0.974
0.724

0.637

(continued)
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Table 1. Continued.

Dietary advice given by, n (%)

Gastroenterologist 83(87.4)

Dietician 18(18.9)

Nurse 32(33.7)

General practitioner 7(7.4)

Have kept a paper or electronic food diary, 16(14.3)
n (%)

Self-rated confidence in using technology 7.98(0.85)

in general (Score 1-10), mean (SD)

per day for participants was 3.29 (SD 1.50). The results
demonstrated good concordance between the estimations
of dietary intake by the two analysts, with a mean bias of
15.70 grams (0,30). The average time spent by analysts to
complete the analyses and advice was 29.39 min (SD
13.00) per day per participant.

The usability of HealthyGut was rated high, with a mean
System Usability Scale score of 79.63 (SD 7.39). Table 2
displays that participants’ experiences with HealthyGut
were mostly positive. Finally, three topics and nine
related themes are summarized in Table 2.

The pilot RCT could not detect clinically significant dif-
ferences in the treatment efficacy. Data from dietary records
revealed a significantly higher daily intake of energy (Z=
—4.965, p=0.001), carbohydrates (Z=-4.145, p=
0.001), and proteins (Z=-2.959, p=0.003) in the inter-
vention group than in the control group at week 12. To
compare the difference between the two groups, interven-
tion responders increased energy intakes (Z=—-3.089, p=
0.002) relative to the control group at week 12 (Figure 3).

Discussion

To the best of our knowledge, this is the first pilot feasibility
study of a mobile-based dietary intervention in a Chinese
population with UC. This pilot study has successfully
demonstrated the high feasibility and acceptance of
HealthyGut, suggesting its potential to positively influence
healthy eating habits among patients with UC.

Our recruitment rates were comparable to or slightly
higher than those observed in other studies targeting
patients with chronic diseases,”’33 thus confirming the
feasibility of our approach. The satisfactory recruitment
and retention rates achieved in this study may be attributed
to the effective research methods and data collection

42(84.0) 41(91.1) 0.298
8(16.0) 10(22.2) 0.440
18(36.0) 14(31.1) 0.615
4(8.0) 3(6.7) 0.804
9(15.0) 7(13.5) 0.751
8.02(0.83) 7.94(0.87) 0.646

strategies employed. Notably, a significant portion of par-
ticipant interactions following initial recruitment were con-
ducted through the utilization of HealthyGut. These
methods offer added advantages for younger participants,
who may favor the convenience of engaging in research
from their own environments, at their own convenience,
and without the requirement of travel. Furthermore, the par-
ticipants in our study possess a high level of education and
exhibit greater acceptance towards eHealth. An additional
aspect arising from the findings pertains to the geographical
setting of the study visits, specifically whether visits con-
ducted in a clinical setting would be more suitable and well-
received by participants in comparison to those conducted
in a non-clinical setting. This finding is consistent with
the conclusions drawn by Lee and colleagues.®*

Continuous dietary self-monitoring and modification are
both challenging tasks and important factors in the long-term
treatment prognosis for patients with UC. Reduction of barriers
to adherence is critical for chronic patients to maintain long-
term adherence to dietary management.’>>’ Compliance
among applet users was reasonable, with 82.1% achieving
basic goals of dietary record. Compared with those in the
control group, participants in the intervention group completed
a greater number of dietary records. Possible reasons for this
are twofold.

On the one hand, potential benefit of utilizing text mes-
sages is their capacity to serve as useful reminders. Previous
researches have demonstrated the positive impact of text
message reminders on enhancing adherence to electronic
health programs.®® Furthermore, the manner and frequency
of reminders have been found to influence response rates.
For instance, a study involving individuals diagnosed
with colorectal cancer indicated that the use of interrogative
grammatical structures resulted in a higher level of engage-
ment compared to declarative forms.>* Consequently,
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Table 2. Qualitative feedback on intervention acceptability

User experience Accessibility of dietary recording

and tracking

Real-time feedback and mentoring

Easy to understand and follow

Individualized and targeted dietary
advice

Perceived benefits  Improved awareness and skills in

dietary management

Reduction in unnecessary dietary
restriction

Promoted self-efficacy in dietary
management

“I kept a paper food diary for a few days, but then | gave it up because it is too
complicated and a waste of time...It (the HealthyGut) was easy to use, and
since | carry my phone with me wherever | go.” (ID 7)

“I like to post on my Wechat moments, so | can take photos and record what |
eat (in the HealthyGut).”(ID 11)

“The nurse had taught me to keep a dietary diary on a public platform in
Wechat, but | do not know how it works, and no one gave me feedback...
Now that | know, you’re gonna tell me how to eat healthier.”(ID 13)

“...Just like you have someone telling you how to eat...”(ID 6)

“I cannot finish all the tasks (of dietary management). For example, | cannot
intake enough calories. You know, it is hard for me to calculate those so
accurately. In other word, there is probably a number, it is impossible to
finish it exactly. After all, we are not the nutritionist... Just tell me how to eat
better, right? | think it’s pretty good right now.”(ID &)

“Their (doctors’) dietary advices are very generic, such as liquid diet, low
residue diet...It (the feedback from HealthyGut) is more specific, so I'll try to
stick to it... “ (ID 16)

“We are not specialized in scientific research, and | don’t think it’s appropriate
for patients to read these things (papers), which always confuse us... You
guys are good. Just tell me how to eat healthier.” (ID 14)

“First, he (doctor) gave me a rough list of suggestions, dividing food into
different categories, such as staple food, fruit, meat, whatever, and then he
has a suggestion in each of them... This is for reference only; everybody is
different... Now | know whether this is sufficient for me...” (ID 2)

“It is actually very difficult to meet everyone needs. For example, people
coming from Jiangsu, Guangdong, Shanghai and Nanjing have different
eating habits, different families have different living habits, so it is
impossible to unify this... | can adjust it myself according to this report, and |
think it’s fine.” (ID 1)

“It helps me a lot. Now I look at what | haven’t eaten today and replenish it in
the evening to keep a balanced diet.” (ID 8)

“The doctor told me not to eat spicy, allergic food and seafood... Now at least |
know how about my dinner.” (ID 15)

“| would show my doctor what | eat at home, like a food diary, because they
cannot monitor me.” (ID 5)

“I didn’t drink milk, because | thought | am intolerant of lactose... And then
when you told me it was changing, | tried to drink a little...And | think | can
try...” (ID &)

“They are just telling me not to eat this, or eat that... But | think it’s all ready to
eat.” (ID 16)

“It is very important to keep a balanced diet, but not special diet. | will try to
eat more as long as it does not violate the principles...yes, | know, | can’t
drink.” (ID 10)

“I'm feeling, I'm still feeling pretty confident (in dietary management),

because, you know, I’'m just trying to eat as much as | can eat... Nutrition
should be balanced.” (ID 13)

(continued)
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Table 2. Continued.

“It (the HealthyGut) is just like a nutritionist so that | feel more confident (in
dietary management).” (ID 3)

Suggestions/ Recommendation of healthy recipes “I desire to learn about how to cook healthy recipes at home, like what to eat
Improvement in the morning, in the afternoon and in the evening. In remission, | want to
know what kind of diet should there be and | can follow the recipe.” (ID 5)

“I’ll always try to think positively and adjust my mindset as much as | can. But
my family is always exhausted because we need two recipes...I mean, it is
not a normal pattern... all because of my disease.” (ID 10)

Peer support “(laughs)Yes, | love it, | love chatting with other patients, especial those like
sharing delicious food and happy life. | like talking to these people, and it’s
good for me.” (ID 17)

“| like to share delicious food on my WeChat moments, and the people who
liked me most were my fellow patients. Newly diagnosed patients can get
positive feedback from happy life of other patients...You know, they always
want to see more of this.” (ID 11)

2500+ b ) 150-

El Baseline N EE Baseline
2000+ 3 12 Weeks = 3 12 Weeks
< =
§ 15001 St
£’ 1000 g
2 £ 504
=

500
0- 0-
Intervention group Control group Intervention group Control group
(a) (b)
: 100
400 " B Baseline EE Baseline
g‘ - 3 12 Weeks R 80 3 12 Weeks
o £ o
£ 2001 =
> = 404
£ =
£ 1001 204
o
0- 0-
Intervention group Control group Intervention group Control group
(c) (d)

Figure 3. Changes in intakes of energy and macronutrients throughout the study. * p <0.05, within group comparison;* p <0.05, between
groups comparison.

future research should explore diverse reminder formats
and frequencies tailored to patients at varying stages of
healthy behavior to optimize participant retention and
engagement.

On the other hand, our study employed a supplementary
photo documentation approach, rather than solely relying

on diet history questionnaires or weighed dietary records
as in previous studies.”” The food intake data were
reviewed by experienced dietitians to ensure the accuracy
and precision of energy and nutrient estimates and reduce
the total time required to complete the food intake record
of patients, which may result in a higher retention rate
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and documented dietary adherence of the participants.
However, the review process of these images poses a sig-
nificant burden on dietitians, thereby limiting the generaliz-
ability of HealthyGut to larger samples over an extended
period. Consequently, future studies should contemplate
the inclusion of standardized portion sizes as a frequently
utilized option for users, aiming to enhance the frequency
of self-recording.

Furthermore, the analysis of both quantitative and qualita-
tive data indicated that the participants exhibited a consider-
able degree of acceptability towards the HealthyGut tool. A
majority of the participants expressed their belief that
HealthyGut has the potential to be a valuable tool for man-
aging their diet. They also expressed their willingness to
utilize HealthyGut again in the future and recommended it
to other patients. These findings align with previous research,
which has demonstrated that applet-based dietary recording
offers the advantages of real-time dietary tracking and perso-
nalized feedback when compared to traditional paper diet
diaries. These features are likely to be crucial factors contrib-
uting to the participants’ adoption of eHealth practices and
their positive perception of HealthyGut’s acceptability.
Real-time dietary recording has the potential to mitigate
recall bias among participants, while simultaneously enhan-
cing the user experience through the provision of reliable,
evidence-based nutritional information. This finding aligns
with the Technology Acceptance Model,*' which posits that
the acceptability of novel applications is primarily influenced
by users’ perceptions of ease of use and usefulness. An add-
itional factor that warrants consideration is the adherence to
a user-centered design methodology throughout the develop-
ment process of HealthyGut, ensuring that the technology
effectively facilitates tasks, possesses user-friendly operability,
and provides value to its users. Prior investigations have also
revealed that engaging in co-creation with the targeted
end-users can significantly enhance the adoption of such a
novel smartphone application.****

Besides, our study demonstrated that HealthyGut holds
promise in facilitating the adoption of healthier behaviors.
Several participants reported that the utilization of
HealthyGut resulted in enhanced awareness and proficiency
in dietary management, a decrease in unnecessary dietary
restrictions, and increased confidence in effectively man-
aging their diet. These outcomes are crucial for the susten-
ance of healthy behaviors.

Additionally, this study yielded a plethora of valuable
information that can be utilized to enhance future iterations.
Firstly, it was observed that users often exhibit a preoccupa-
tion with identifying suitable foods or recipes. While dieti-
tians currently provide healthy recipes on a monthly basis, it
is hoped that a greater variety of recipes specifically tailored
for patients with UC will be made available. Newly diag-
nosed patients, particularly, express a desire to acquire
knowledge about dietary restrictions and recommendations
through recipe resources. Additionally, the potential of peer

support in facilitating self-management of chronic diseases
is noteworthy. In accordance with the recommendations put
forth by participants, the incorporation of more practical
modules for information exchange will enable users to
establish connections with their family, friends, or local
community, thereby mitigating feelings of isolation and
loneliness.

Despite the short follow-up period, preliminary compara-
tive data demonstrated some improvement in the dietary com-
position of patients with UC after using HealthyGut.
Specifically, there was an increase in energy intake in the inter-
vention group compared to the control group at week 12. The
examination of initial dietary records indicated inadequate
energy and macronutrient consumption among the participants
included in the study. Patients with UC are recognized as
being highly susceptible to malnutrition and sarcopenia, pri-
marily due to excessive avoidance of food and restrictive
dietary habits resulting from misinformation and apprehension
of adverse bowel symptoms.** In comparison to interventions
solely focused on dietary education, the HealthyGut program
has the potential to enhance participants’ awareness of their
dietary habits, encourage thoughtful consideration of their
food choices, and potentially facilitate improved decision-
making regarding food. These findings align with previous
research studies that have reported similar outcomes.***>4¢

Limitations

This study has several limitations. First, the conclusions
based on pilot trials were prone to significant bias. The con-
venience sample of the Chinesepopulation with UC from
four clinics, together with the fact that participation in
this trial was voluntary, may have resulted in selection
bias. Another possible limitation is that dietary intake was
self-reported, which could lead to reporting bias. Finally,
no data were collected regarding participants’ previous
dietary intake. However, it is worth noting that no signifi-
cant differences were found in baseline nutrition knowledge
between the two groups.

Conclusions

In summary, the HealthyGut, a newly developed dietary
management applet consisting of four primary functional
modules (user management, diet recording, nutritional feed-
back, and dietary advice), has been successfully developed
and validated. This preliminary investigation has demon-
strated that HealthyGut is a viable and well-received
dietary management tool, with the potential to enhance
healthy eating habits among Chinese patients with UC. A
larger randomized controlled trial study on the long-term
effects of the HealthyGut on eating behavior and health out-
comes of patients with UC will be designed in the future to
provide better and timely dietary decision support.
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