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Abstract
Background: Patients with end-stage liver disease have significant morbidity and mortality. The 90-day readmission rate for
these patients is up to 53% at a cost of $4.45 billion annually. Healthcare delivery for these patients is often fragmented and
inadequate. Smartphone-based remote health monitoring may reduce hospitalizations by earlier detection of premonitory warning
signs associated with liver-related complications. Hepatic encephalopathy which is a common cause of hospitalization and sleep
disturbance and subtle/sub-clinical behavioral changes are early warning signs.
Objective: In this pilot study of patients with end-stage liver disease, we assessed the feasibility of our smartphone app to detect
physiologic and behavioral changes during the 7 days prior to liver-related hospitalizations or urgent visits.
Methods: This is a prospective multicenter pilot study of patients with end-stage liver disease who were enrolled at three
academic centers to receive our smartphone app for a 180-day period. English speaking patients age ≥18 years who receive liver
care at one of the study sites, do not actively use alcohol or drugs, have had a liver-related complication in the previous 3 months
(ascites, hepatic encephalopathy, variceal bleeding, bacterial peritonitis), and own an Android smartphone with internet connectivity
were eligible. The smartphone app solicits emotions daily and collects passive data on activity, sleep, and social interactions.
Patients received monthly in-app questions about how many liver-related events they had over the preceding month. Surveys on
sociodemographic characteristics and health status were collected at baseline, 90 days, and 180 days. Clinical data on liver-related
hospitalizations or urgent visits (“events”) were collected prospectively through chart review. Smartphone data on activity, sleep,
social interactions, and emotions were analyzed during the 7-day period preceding a liver event and compared to the average
over the study period. Statistical analyses were performed with Mann-Whitney U test.
Results: An interim analysis of the 40 enrolled patients who met all eligibility criteria found that 15 patients had 27 liver-related
events during the study period. These patients were predominantly men with a median age of 56 years. 61% of these patients
responded to the monthly in-app question about hospitalizations and did so with 100% accuracy. In the 7-day period prior to the
event, these patients had more sleep disturbances and changes in activity score (P=.04; P=.04). There was no statistically significant
difference in social scores during the 7-day period prior to the event. Emoji selection among this group was too small for analysis.
Conclusions: The interim analysis of this pilot study suggests that passive data collected from our smartphone app can detect
behavioral changes that could be used to predict liver-related events. Specifically, significant changes in smartphone activity and
sleep disturbances were identified during the 7-day period prior to a liver-related event. Smartphone-based remote health monitoring
appears to be feasible in this patient population and has the potential to reduce hospitalizations through early detection of early
warning signs.
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