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Role of Digital Health in FGIDs, A Mini Review

Navapan Issariyakulkarn*

Review Article

Abstract

Treating functional GI disorders (FGIDs) caused by abnormal gut-brain interactions requires 
an understanding of individual GI pathophysiology as well as the patient’s behaviors. Many physicians  
frequently struggle to manage these patients due to a lack of knowledge regarding the patient’s  
pathophysiology and behaviors. Many digital tools for collecting and recording patients’ health information,  
which also include patient communication, are available to assist the physician in better understanding  
the patient. The purpose of this review is to assess how digital health can help FGIDs treatment and  
the interpretation of GI physiology testing.
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Introduction
Functional GI disorders (FGIDs), diseases 

of gut-brain interaction, require understanding the  
patient’s GI pathophysiology and their adaptive  
behavior, for individual management.  However,  
GI physiology tests require an expert to interpret 
the results case by case, there is more evidence 
that customized counseling leads to improve 
FGIDs treatment1 and because there is no clear 
biomarker for tracking disease activity, treatment 
options are often based on the patient’s history. 
Physicians suggest FGIDs patients to manually 
track their symptoms with dietary, behavioral,  
and other triggers in order to see whether there is 
a relationship, but compliance is poor, especially 
with paper trackers.2   

The term “digital health” refers to the use 
of digital information, data, and communication  
technologies to collect, exchange, and analyze 
health data in order to improve patient health 
and health-care delivery.3 The dominant concept 
is mobile health (mhealth), which is related to 
other concepts such as telemedicine, eHealth, and  
artificial intelligence (AI) in healthcare, according 
to a review of the definition in 2020.4 Nowadays, 
digital health is becoming widely adopted in  
medical systems. In this article, we will review role 
of digital health in FGIDs divided by technology.  
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Figure 1 Types of digital health divided by technology.

1. AI and FGIDs 
AI is becoming a popular field of study.  

According to PubMed, more than 3,800 papers  
totaling artificial intelligence research were  
published in a single year in 2022. In FGIDs, AI is 
mostly used to interpret GI physiology tests, find 
new parameters and analyze questionnaires and 
images in FGIDs patients. We focus on using AI 
for interpretation. 

1.1 AI and GI physiology tests
In a study by Sandos R et al. from Sweden 

in 2006, it was shown that the interpretation of 
esophageal manometry (EM) with a water perfused 
system by AI showed an accuracy of 60-100%.5 

Nowadays, esophageal manometry has been deve-
loped into a high-resolution era. The results of AI 
interpreted esophageal manometry differ depending 
on algorithms and machine learning models. While 
AI interpretation of EM generally exhibits high 
sensitivity and specificity (over 80%), one study 
reported a 3% rate of misclassified swallows.6-8
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Table 1 AI studies interpreting esophageal manometry according to Chicago classification (CC) 

Author/year Type of 
machine learning

Number 
of samples

Accuracy Limitations 

Wang (7)/2021 Supervised deep learning
EMD- DL model

226 cases Overall, 91.32% with 
90.5% sensitivity and 
95.9% specificity 

Train AI by divided data into 
minor/normal/major motility  
disorders, whereas CC4.0 
is no longer divided into 
minor and major motility  
disorders 

Kou (8)/2022 Supervised with  
rule-based model, 
Xgboost, and artificial 
neural network
(ANN) based on 
CNNs**

1741 cases 88% for 6-swallow-
types model 
93% for 3-category 
swallow-pressurization
IRP value with mean 
absolute error of 4.5 
(mmHg)

Overlap of EGJOO* with 
other swallow types causes 
confusion and misinter-
pretation may be due to an 
unbalance in training set 
categories and ambiguous 
d i a g n o s i s  o f  E G J O O  
according to CC 4.0 

Kou (6)/2021 Supervised with Long 
short-term
memory (LSTM)
of deep-learning model 

1741 cases 88% accuracy but the 
number of misclassified 
swallows is high

This model is based on 
single swallow data
Model is developed before 
CC 4.0 

*EGJOO = Esophagogastric junction outflow obstruction      **CNN = convolutional neural network

Unsupervised machine learning was demon- 
strated in one study using simple linear discrimi-
native analysis (LDA), but this model is only the 
first step toward automatic diagnosis.9 Moreover, a 
long-term high-resolution esophageal manometry 
(HREM) recording for 24 hours,  demonstrated in 
a study from Germany, using AI interpretation can 
reduce the time to interpret from 3 working days to 
10-20 minutes.10

Other GI physiology tests, such as simul-
taneous videofluoroscopy and pharyngeal HRM, 
and high resolution electrogastrogram, using AI to 
classify between normal and abnormal patterns were 
showing an accuracy between 70-90%.11,12 AI was 
used to find a new parameter for GERD diagnosis 
in ambulatory pH monitors, but the accuracy was 
not higher than the older methods.13 In term of using 
AI in measuring pH impedance parameters, 80-90% 
accuracy of AI was shown in some parameters, in-
cluding number of reflux episodes and PSPW index 
(post-reflux swallow-induced peristaltic wave). 
PSPW index is the novel pH impedance parameter 
which cannot be calculated by a software program 
and is a time-consuming manual measurement.14 

Functional luminal imaging probe (FLIP) 
is a new technology combining with endoscopy, 
providing three-dimensional diameter, volume and 
pressure changes, which has recent studies using 
AI for distinguishing between subtypes of achalasia 
and fecal incontinence (FI) diagnosis. The results 
showed a high specificity and moderate sensitivity 
for FI15 and a high accuracy for distinguishing 
between spastic (type 3) and non-spastic achalasia 
(type 1 and 2).16   

1.2 AI for questionnaire analysis in FGIDs
GERD questionnaires were reported using 

AI to distinguish between GERD and non-GERD, 
including erosive esophagitis (EE) and non-EE, but 
the accuracy varied from 62-100%.17 Furthermore, 
AI was shown to have an accuracy of about 55% in 
identifying symptomatic models between irritable 
bowel syndrome (IBS) with constipation and func-
tional constipation when analyzing questionnaires 
in constipation patients.18 

1.3 AI for image analysis in FGIDs 
In image analysis, AI was used to analyze 

intestinal motility from video capsule endoscopy 
and showed 70% sensitivity.19 In Thailand, the 
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study by Rattanachaisit P et al. from Chulalongkorn  
University showed AI diagnosed dyssynergic 
defecation with 60% accuracy from abdominal 
radiography.20

1.4 AI for other analysis methods in FGIDs
AI was used for diagnosing IBS with 

bowel sound analysis in one study. By utilizing an 
AI model, that uses a logistic regression based on 
IBS Acoustic Index models derived from 26 bowel 
sound features, the accuracy of diagnosing IBS was 
approximately 90%.21 However, in a systematic 
review of computerized analysis of bowel sounds 
for the diagnosis of gastrointestinal conditions in 
2018, it was not recommended to use bowel sounds 
without additional studies in clinical practice.22

1.5 AI for FGIDs treatment
An AI system (ENBIOSIS) was developed 

for a personalized nutritional strategy based on 
a patient’s individual microbiota. A study of IBS  
patients using this system compared standard IBS-diet 
versus AI based diet and showed an improvement in 
IBS-SSS score in the AI based diet and a statistically 
significant increase in the Faecalibacterium genus 
in the personalized nutrition group.23 

AI for interpretation of FGIDs tests, ques-
tionnaire analysis and images showed moderate 
accuracy especially in the GI physiology tests. To 
improve accuracy, it is important to develop more 
advanced machine learning models and have more 
training sets.

2. Applications (apps) and FGIDs 
According to a systematic review and meta-

analysis in 2021, personalized mobile interventions 
such as mobile apps can improve lifestyle behaviors 
in patients with chronic diseases.24 Moreover, IBS 
patients showed a high compliance rate for symp-
tom diaries recorded on a smartphone application.25

Dietary advice and lifestyle notifications 
are featured in more than half of the health apps 
available in smartphone stores. Only 15% of 
GERD-mobile applications are based on evidence-
based studies, and  the systematic review revealed 
a wide range of app quality heterogeneity.26 Ac-
cording to the current published data, apps for IBS 
were found with the highest number of FGIDs, 
which included symptom tracking,25,27 meals and 
GI symptoms,28,29 and daily life stress and GI symp-
toms.30 In addition, two randomized-controlled 
trials (RCT) of mobile apps and IBS were reported 
to improve quality of life and the efficacy of IBS-
treatment.29-31 One is the  “Heali AI”, a mobile 
nutrition app, using AI to scan barcodes for nutri-
tion information and adapted to avoid FODMAPS 
diets for IBS patients.29 Another is the “Zemedy” 
mobile app, which was developed to treat IBS 
patients through cognitive behavioral therapy  
(CBT).31 Similarly, a web-based application of low 
FODMAPs showed good efficacy in managing  
IBS symptoms.32 In functional gastroduodenal  
disorders, mobile app-based symptom reporting 
has been developed in pictograms and showed  
a good correlation with the symptom-based scoring 
systems.33 
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Table 2 Examples of mobile apps in FGIDs 

Application Disease Description Available  
Zemedy IBS app to track stress, emotions, symptoms, and a 

tailored CBT 6- week training program
IOS, android 
https://www.zemedy.com/

Dieta IBS app can analyze and predict triggers, clas-
sify stool forms using AI captures, and offer 
personalized GI doctor and dietitian consulta-
tions.

IOS, android
https://dietahealth.com/

augGI Constipation using AI to classify stool characterizations 
by patient-capture images and correlate them 
with a logged diet 

https://www.auggi.ai/

bowelle IBS app for tracking food, symptoms, emotions, 
stress, bowel movements, and water intake 
and displaying them in graphs and connecting 
to Apple Health.

IOS
https://bowelle.com/

 Mobile applications show benefit in help-
ing FGIDs patients, especially IBS patients and doc-
tors for symptom management and psychological 
treatment. However, using the mobile application 
for symptom analysis should be cautioned due to 
the lack of studying mobile application accuracy. 
Moreover, the elderly and the mobile-unfriendly 
patients seem to have no benefit from applying.

3. Digital connected devices and FGIDs 
Wearable devices have been developed for 

tracking physiologic changes with correlated health 
information such as step counts, vital signs, and 
sleep duration. A study with the data from Fitbit 
showed that a low number of activity metrics,  
in steps and sleep, related to the severity of con-
stipation34 and this was similar to a study of the 
“Lifecoder” pedometer from Japan which revealed 
a correlation between the high number of step 
counts and the improvement of symptoms in IBS 
patients.35 The other innovative wearable devices are  
“AbStats”, which is a biosensor placed on the ab-
dominal wall for recording, classifying, and evaluat-
ing bowel function; and “G-Tech Patch”, which is 
a wireless patch recording electrical signals from 
the GI tract. 

4. Telemedicine
A systematic review of telemedicine and 

digestive diseases shows that telemedicine may be  
effective in managing disease activity and improving  

quality of life in digestive diseases.36 However,  
home-based CBT and Skype hypnosis were reported 
to be less effective than standard CBT and  
face-to-face hypnosis in studies of IBS patients.37,38 
In Thailand, telemedicine is available, including 
web-based and mobile applications that charge per 
visit and per minute-consultation. 

5. Group support 
Patients with FGIDs frequently feel worried 

about their illness due to the absence of demon-
strable pathology on standard testing. For example, 
IBS patients seem to feel frustrated, isolated, and 
dissatisfied with information received, available 
treatment, and the health system in general, so group 
education and group support allowing the patients to 
share experiences are recommended.39 According to 
the most recent online search (Nov 2023), there are 
approximately ten FGIDs groups supported by Thai 
social media: the largest group in the Thai language 
is the GERD supported group, with 4600 members 
and the largest group in English is IBS support  
(official), with 103,000 members.

Conclusions
Many reports reveal that digital health can 

improve the efficacy of FGIDs treatment. Under-
standing the patient’s pathophysiology and behav-
iors could help physicians select the appropriate 
treatment. Digital health may become an important 
modality in the new era of FGIDs treatment. 



74 Asian Medical Journal and Alternative Medicine

Acknowledgments
I declare that there is no conflict of interest.

References
1. Pathipati MP, Shah ED, Kuo B, Staller KD. 

Digital health for functional gastrointes-
tinal disorders. Neurogastroenterol Motil. 
2023;35(1):e14296. doi:10.1111/nmo.14296.

2. Stone AA, Shiffman S, Schwartz JE, Broder-
ick JE, Hufford MR. Patient compliance with 
paper and electronic diaries. Control Clin Tri-
als. 2003;24(2):182-199. doi:10.1016/s0197-
2456(02)00320-3.

3. Sharma A, Harrington RA, McClellan MB, et 
al. Using digital health technology to better 
generate evidence and deliver evidence-based 
care. J Am Coll Cardiol. 2018;71(23):2680-
2690. doi:10.1016/j.jacc.2018.03.523.

4. Fatehi F, Samadbeik M, Kazemi A. What is 
Digital Health? Review of Definitions. Stud 
Health Technol Inform. 2020;275:67-71. 
doi:10.3233/SHTI200696.

5. Santos R, Haack HG, Maddalena D, Han-
sen RD, Kellow JE. Evaluation of arti-
ficial neural networks in the classifica-
tion of primary oesophageal dysmotility. 
Scand J Gastroenterol. 2006;41(3):257-263. 
doi:10.1080/00365520500234030.

6. Kou W, Galal GO, Klug MW, et al. Deep 
learning-based artificial intelligence model 
for identifying swallow types in esophageal 
high-resolution manometry. Neurogastroen-
terol Motil. 2022;34(7):e14290. doi:10.1111/
nmo.14290.

7. Wang Z, Hou M, Yan L, Dai Y, Yin Y, Liu X. 
Deep learning for tracing esophageal motility 
function over time. Comput Methods Pro-
grams Biomed. 2021;207(106212):106212. 
doi:10.1016/j.cmpb.2021.106212.

8. Kou W, Carlson DA, Baumann AJ, et al. 
A multi-stage machine learning model for 
diagnosis of esophageal manometry. Ar-
tif Intell Med. 2022;124(102233):102233. 
doi:10.1016/j.artmed.2021.102233.

9. Kou W, Carlson DA, Baumann AJ, et al. A deep-
learning-based unsupervised model on esopha-
geal manometry using variational autoencoder. 
Artif Intell Med. 2021;112(102006):102006. 
doi:10.1016/j.artmed.2020.102006.

10. Jell A, Kuttler C, Ostler D, Hüser N. How to 
cope with big data in functional analysis of 
the esophagus. Visc Med. 2020;36(6):439-442. 
doi:10.1159/000511931.

11. Jones CA, Hoffman MR, Lin L, Abdelhalim 
S, Jiang JJ, McCulloch TM. Identification of 
swallowing disorders in early and mid-stage 
Parkinson’s disease using pattern recognition 
of pharyngeal high-resolution manometry data. 
Neurogastroenterol Motil. 2018;30(4):e13236. 
doi:10.1111/nmo.13236.

12. Agrusa AS, Gharibans AA, Allegra AA, Kun-
kel DC, Coleman TP. A deep convolutional 
neural network approach to classify normal 
and abnormal gastric slow wave initiation 
from the high resolution electrogastrogram. 
IEEE Trans Biomed Eng. 2020;67(3):854-867. 
doi:10.1109/TBME.2019.2922235.

13. Rogers B, Samanta S, Ghobadi K, et al. Ar-
tificial intelligence automates and augments 
baseline impedance measurements from pH-
impedance studies in gastroesophageal reflux 
disease. J Gastroenterol. 2021;56(1):34-41. 
doi:10.1007/s00535-020-01743-2.

14. Wong MW, Rogers BD, Liu MX, Lei WY, Liu 
TT, Yi CH, Hung JS, Liang SW, Tseng CW, 
Wang JH, Wu PA, Chen CL. Application of 
Artificial Intelligence in Measuring Novel pH-
Impedance Metrics for Optimal Diagnosis of 
GERD. Diagnostics (Basel). 2023;13(5):960. 
doi: 10.3390/diagnostics13050960.

15. Zifan A, Sun C, Gourcerol G, Leroi AM, Mittal 
RK. Endoflip vs high-definition manometry 
in the assessment of fecal incontinence: A 
data-driven unsupervised comparison. Neu-
rogastroenterol Motil. 2018;30(12):e13462. 
doi:10.1111/nmo.13462.

16. Carlson DA, Kou W, Rooney KP, et al. Acha-
lasia subtypes can be identified with functional 
luminal imaging probe (FLIP) panometry 
using a supervised machine learning process. 
Neurogastroenterol Motil. 2021;33(3):e13932. 
doi:10.1111/nmo.13932.

17. Visaggi P, de Bortoli N, Barberio B, et al. 
Artificial Intelligence in the Diagnosis of 
Upper Gastrointestinal Diseases. J Clin Gas-
troenterol. 2022;56(1):23-35. doi:10.1097/
MCG.0000000000001629.



75Vol. 24 No. 1 (January-April 2024)

18. Ruffle JK, Tinkler L, Emmett C, et al. Consti-
pation Predominant Irritable Bowel Syndrome 
and Functional Constipation Are Not Discrete 
Disorders: A Machine Learning Approach. 
Am J Gastroenterol. 2021;116(1):142-51. 
doi:10.14309/ajg.0000000000000816.

19. Vilarino F, Spyridonos P, Deiorio F, Vitria J, 
Azpiroz F, Radeva P. Intestinal motility assess-
ment with video capsule endoscopy: automatic 
annotation of phasic intestinal contractions. 
IEEE Trans Med Imaging. 2010;29(2):246-59. 
doi:10.1109/TMI.2009.2020753.

20. Rattanachaisit P, Poovongsaroj S, Patcharatr-
akul T, Gonlachanvit S, Vateekul P. Sa412 AB-
DOMINAL RADIOGRAPHY WITH ARTIFI-
CIAL INTELLIGENCE FOR DIAGNOSIS 
OF DYSSYNERGIC DEFECATION (DD). 
Gastroenterology. 2021;160(6):S-498-S-499. 
doi:10.1016/s0016-5085(21)01894-1.

21. Du X, Allwood G, Webberley KM, Inderjeeth 
AJ, Osseiran A, Marshall BJ. Noninvasive 
Diagnosis of Irritable Bowel Syndrome via 
Bowel Sound Features: Proof of Concept. Clin 
Transl Gastroenterol. 2019;10(3):e00017. doi: 
10.14309/ctg.0000000000000017.

22. Inderjeeth AJ, Webberley KM, Muir J, 
Marshall BJ. The potential of computerised 
analysis of bowel sounds for diagnosis of gas-
trointestinal conditions: a systematic review. 
Syst Rev. 2018;7(1):124. doi:10.1186/s13643-
018-0789-3.

23. Vulpoi RA, Luca M, Ciobanu A, Olteanu A, 
Bărboi O, Iov DE, Nichita L, Ciortescu I, Ci-
jevschi Prelipcean C, Ștefănescu G, Mihai C, 
Drug VL. The Potential Use of Artificial Intel-
ligence in Irritable Bowel Syndrome Manage-
ment. Diagnostics (Basel). 2023;13(21):3336. 
doi:10.3390/diagnostics13213336.

24. Tong HL, Quiroz JC, Kocaballi AB, et al. 
Personalized mobile technologies for life-
style behavior change: A systematic review, 
meta-analysis, and meta-regression. Prev Med. 
2021;148(106532):106532. doi:10.1016/j.
ypmed.2021.106532.

25. Weerts ZZRM, Heinen KGE, Masclee AAM, 
et al. Correction: Smart data collection for 
the assessment of treatment effects in irri-
table bowel syndrome: Observational study. 
JMIR MHealth UHealth. 2021;9(2):e27998. 
doi:10.2196/27998.

26. Venugopal LS, Musbahi A, Shanmugam V, 
Gopinath B. A systematic review of smart-
phone apps for gastro-oesophageal reflux dis-
ease: the need for regulation and medical pro-
fessional involvement. MHealth. 2021;7:56. 
doi:10.21037/mhealth-20-126.

27. Beckers AB, Snijkers JTW, Weerts ZZRM, 
et al. Digital instruments for reporting of 
gastrointestinal symptoms in clinical trials: 
Comparison of end-of-day diaries versus the 
experience sampling method. JMIR Form Res. 
2021;5(11):e31678. doi:10.2196/31678.

28. Zia J, Schroeder J, Munson S, et al. Feasibility 
and usability pilot study of a novel irritable 
bowel syndrome food and gastrointestinal 
symptom journal smartphone app. Clin Transl 
Gastroenterol. 2016;7(3):e147. doi:10.1038/
ctg.2016.9.

29. Rafferty AJ, Hall R, Johnston CS. A novel 
mobile app (Heali) for disease treatment in par-
ticipants with irritable bowel syndrome: Ran-
domized controlled pilot trial. J Med Internet 
Res. 2021;23(3):e24134. doi:10.2196/24134.

30. Chan Y, So SHW, Mak ADP, Siah KTH, Chan 
W, Wu JCY. The temporal relationship of daily 
life stress, emotions, and bowel symptoms in 
irritable bowel syndrome-Diarrhea subtype: A 
smartphone-based experience sampling study. 
Neurogastroenterol Motil. 2019;31(3):e13514. 
doi:10.1111/nmo.13514.

31. Hunt M, Miguez S, Dukas B, Onwude O, 
White S. Efficacy of Zemedy, a mobile digital 
therapeutic for the self-management of ir-
ritable bowel syndrome: Crossover random-
ized controlled trial. JMIR MHealth UHealth. 
2021;9(5):e26152. doi:10.2196/26152.

32. Ankersen DV, Weimers P, Bennedsen M, et 
al. Long-term effects of a web-based low-
FODMAP diet versus probiotic treatment for 
irritable bowel syndrome, including shotgun 
analyses of Microbiota: Randomized, double-
crossover clinical trial. J Med Internet Res. 
2021;23(12):e30291. doi:10.2196/30291.

33. Sebaratnam G, Karulkar N, Calder S, et 
al. Standardized system and App for con-
tinuous patient symptom logging in gastro-
duodenal disorders: Design, implementation, 
and validation. Neurogastroenterol Motil. 
2022;34(8):e14331. doi:10.1111/nmo.14331.



76 Asian Medical Journal and Alternative Medicine

34. Shapiro A, Bradshaw B, Landes S, et al. A 
novel digital approach to describe real world 
outcomes among patients with constipation. 
NPJ Digit Med. 2021;4(1):27. doi:10.1038/
s41746-021-00391-x.

35. Hamaguchi T, Tayama J, Suzuki M, et al. 
Correction: The effects of locomotor ac-
tivity on gastrointestinal symptoms of ir-
ritable bowel syndrome among younger 
people: An observational study. PLoS One. 
2020;15(12):e0244465. doi:10.1371/journal.
pone.0244465.

36. Helsel BC, Williams JE, Lawson K, Liang J, 
Markowitz J. Telemedicine and Mobile Health 
Technology Are Effective in the Management 
of Digestive Diseases: A Systematic Review. 
Dig Dis Sci. 2018;63(6):1392-408.

37. Lackner JM, Jaccard J, Keefer L, et al. Im-
provement in gastrointestinal symptoms 
after cognitive behavior therapy for refrac-
tory irritable bowel syndrome. Gastroen-
terology. 2018;155(1):47-57. doi:10.1053/j.
gastro.2018.03.063.

38. Hasan SS, Pearson JS, Morris J, Whorwell 
PJ. SKYPE HYPNOTHERAPY FOR IRRI-
TABLE BOWEL SYNDROME: Effectiveness 
and comparison with face-to-face treatment. 
Int J Clin Exp Hypn. 2019;67(1):69-80. doi:1
0.1080/00207144.2019.1553766.

39. Halpert A. Irritable bowel syndrome: Patient-
provider interaction and patient educa-
tion. J Clin Med. 2018;7(1):3. doi:10.3390/
jcm7010003.


