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Abstract

Background—Patients who are better informed and more engaged in their health care have 

higher satisfaction with health care and better health outcomes. While patient engagement has 

been a focus in the outpatient setting, strategies to engage inpatients in their care have not been 

well studied. We are undertaking a study to assess how patients’ information needs during 

hospitalization can be addressed with health information technologies. To achieve this aim, we 

developed a personalized inpatient portal that allows patients to see who is on their care team, 

monitor their vital signs, review medications being administered, review current and historical lab 

and test results, confirm allergies, document pain scores and send questions and comments to 

inpatient care providers. The purpose of this paper is to describe the protocol for the study.

Methods/design—This pragmatic randomized controlled trial will enroll 426 inpatient 

cardiology patients at an urban academic medical center into one of three arms receiving: 1) usual 

care, 2) iPad with general internet access, or 3) iPad with access to the personalized inpatient 

portal. The primary outcome of this trial is patient engagement, which is measured through the 
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Patient Activation Measure. To assess scalability and potential reach of the intervention, we are 

partnering with a West Coast community hospital to deploy the patient engagement technology in 

their environment with an additional 160 participants.

Conclusion—This study employs a pragmatic randomized control trial design to test whether a 

personalized inpatient portal will improve patient engagement. If the study is successful, 

continuing advances in mobile computing technology should make these types of interventions 

available in a variety of clinical care delivery settings.
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1. Introduction

Individuals who are better informed and more engaged in their health care have higher 

satisfaction with their health care and better health outcomes [1–7]. Interventions that 

provide patients with clinical information have been effective in promoting patient 

participation in health-related decision-making, reducing decisional conflict, and increasing 

patient adherence to their care plans [8–10]. Studies have shown that patients remember less 

than half of what physicians explain to them in the hospital [11,12], and they may be 

uncertain of what actions are required of them. A study by Cumbler et al. discovered 

considerable deficits in patients’ understanding of their hospital medications, even among 

patients who believed they knew, or desired to know, what was administered to them in the 

hospital [13]. The Institute of Medicine recommends that health-care delivery should 

prioritize and respond to individual patient preferences, needs, and values, and that these 

values should guide all clinical decisions [14]. Nevertheless, patients’ information needs and 

preferences are rarely prioritized or addressed by providers in the acute care environment 

[15–19]. Given the complexity of the inpatient environment, allowing patients to see their 

information may help them be more engaged in their care.

Advocacy for patients to review their medical records and even participate in writing clinical 

notes has been occurring since the 1970s [20–23]. Although the 1996 Health Insurance 

Portability and Accountability Act guaranteed patients’ rights to review their health records 

[24], information access has been hindered by barriers such as time delays and photocopying 

costs.

Current Federal health information technology (HIT) initiatives, including Meaningful Use, 

incentivize providers to offer patients electronic access to their clinical records [25]. The 

growth of this sharing of information is slowly occurring, but has not been implemented on a 

widespread scale. Many institutions are implementing personal health records to provide 

access to certain clinical information [26,27]. In the OpenNotes initiative, patients were 

invited to read their doctors’ office notes [28,29]. Nearly all patients and approximately 

three-fourths of participating primary care physicians felt that open visit notes were “a good 

idea” [29]. After a year long trial, 99% of patients wanted OpenNotes to continue, with 77% 
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stating that they felt more empowered by having access to their notes and 60% reporting 

improved medication adherence [30].

To date, few hospitals have focused on providing patients within the hospital access to their 

health records. Prior to beginning this trial, we completed three pilot studies involving 

providing hospital patients with access to their information [31–35]. In the first study, we 

provided clinical information on tablet computers to a small number of patients in order to 

inform the design process for the inpatient portal and have a better understanding of 

patients’ information needs [31]. In the second study, we conducted interviews with patients 

after they used the tablet application to discover what features they liked and disliked, to 

inform the usability and design of software used in the randomized controlled trial (RCT) 

[32]. In the third study, patients received full access to a daily paper copy of their medical 

records while they were in the hospital [19]. Our current study design was developed based 

on the results of these pilot studies in the context of the framework that we developed 

focusing on HIT-enabled engagement [19]. The purpose of this paper is to provide an 

overview of the study protocol.

2. Materials and methods

2.1. Study design and specific aims

2.1.1. Study aims—The primary aim of this study is to evaluate the effect of a 

personalized inpatient portal intervention on patient engagement. The secondary aims are to 

characterize information needs of hospital patients, assess clinicians’ attitudes toward patient 

engagement in the hospital setting, and evaluate the salience of patient-entered information 

to issues of care quality and safety. Additionally, we are assessing scalability and potential 

reach of the intervention by deploying the inpatient engagement technology in a community 

hospital on the West Coast.

2.1.2. Study design—The study is a pragmatic randomized controlled trial (RCT). We are 

recruiting 426 patients into three study arms, which receive: 1) usual care, 2) iPad with 

general Internet access, or 3) iPad with access to the personalized inpatient portal (see Fig. 

1). Participants in Arm 1 (Usual Care) receive the hospital’s standard admission packet and 

discharge instructions. Participants randomized to Arm 2 are given an iPad with general 

Internet access. Participants in Arm 3 receive an iPad with access to the personalized 

inpatient portal that is available in both English and Spanish. This health portal contains 

information relevant to the patient’s hospital stay, sourced directly from the hospital’s 

electronic health record (EHR), such as: names and photos of care team members, 

medications being administered, comprehensive medication information, documented 

allergies, diagnostic tests being performed, diet, vital signs, test and lab results (Table 1). In 

addition, the personalized inpatient portal offers patients the ability to enter comments and 

questions, as well as their pain level, all of which are visible to care providers in the handoff 

tab of the EHR.

The study protocol is registered with ClinicalTrials.gov (NCT01970852) and is being 

conducted in accordance with the principles outlined in the CONSORT 2010 Statement: 

Extension to Pragmatic Trials [36]. Pragmatic trials are designed to evaluate real-world 
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effectiveness of interventions in routine practice environments [37,38]. A pragmatic trial 

design was used in the current study to accommodate the rapidly changing nature of 

technology, both at a global level (i.e., rapid improvements in tablet technology) and at the 

local level (i.e., iterative enhancements and hospital-wide changes to the outpatient portal 

application). Unlike a strictly controlled pharmaceutical trial, participants in our study 

cannot be constrained to receive a controlled “dose” of the intervention. Out of necessity, 

participants, family members and clinicians are not blinded to the intervention, and we do 

not attempt to control patients’ communication or information-seeking behaviors beyond the 

three-group randomization described above.

2.1.3. Recruitment—The inclusion criteria for the study are English- or Spanish-speaking 

individuals who are 18 years or older and are admitted as patients to one of two medical and 

surgical cardiac units at NewYork-Presbyterian Hospital/Columbia University Medical 

Center. Patients are screened for cognitive impairment using the Mini Mental Status 

Examination [39], and those scoring below nine on the exam are excluded from the trial. 

Patients are also excluded from participating if they are currently in a separate research 

study, unable to provide written informed consent, in contact isolation with an infectious 

disease or have been admitted to the hospital for more than two weeks.

2.1.4. Ethics and consent—The Columbia University Medical Center Institutional 

Review Board approved the study. Participants provide written informed consent prior to 

enrollment and all data-management procedures are conducted in accordance with national 

and state regulations and local policies and procedures.

2.1.5. Recruitment protocol—Potential participants are identified within the EHR based 

on the date of admission to one of the study units. Research coordinators invite participants 

to participate in the study as close to admission to the study unit as possible, usually within 

1–2 days. There are generally two patients per room on the study units, and patient 

assignment to a room is based upon the unit census, as well as patient factors such as 

infection status (e.g., requiring isolation) and gender. When there are two patients in a room, 

the study is explained to each patient individually and they are both recruited to the same 

study arm. If the patient is interested, he/she provides written informed consent.

2.1.6. Randomization and blinding—The unit of randomization is by room in the 

cardiac units. Randomization based upon room assignment was done to minimize the 

potential for a crossover effect of the interventions among patients sharing a room. Patients, 

clinicians, and researchers are not blinded, due to the obvious nature of the intervention.

2.1.7. Personalized inpatient portal—Participants randomized to the intervention arms 

(2 and 3) are provided with an iPad for the duration of their length of their stay on the study 

unit. A brief training session is offered if the participant is not familiar with a tablet. All 

participants in these arms are given printed instructions describing the features and use of 

the iPad, as well as an iPad power cord. Participants are informed that tablet devices are 

connected to a secure network and can also be used to navigate the internet. Arm 2 

participants are informed that websites such as WebMD and MayoClinic.org are available 

for their use if they desire; however, they are not given access to the personalized inpatient 
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portal. There are also games installed on the device for entertainment, and patients can 

access Netflix or other video streaming platforms if they have existing accounts.

Arm 3 participants are oriented to the personalized inpatient portal and a brief tutorial on 

available features is provided. Participants sign into the personalized inpatient portal using a 

username and password of their choice. If they forget their password they are prompted to 

generate a new one.

Participants in all three arms are visited each day by a member of the study team. During 

these visits, the research coordinator checks to see if participants in Arms 2 and 3 are having 

any issues with device usability (ie: password, username, network connection). For 

participants in the control group, the research coordinator checks to make sure they will not 

be discharged prior to the end of the study period. After participants complete the study, the 

iPads are thoroughly cleaned using tablet-friendly antibacterial wipes to ensure infection 

control between patient rooms.

2.1.8. Data collection and management—Research coordinators collect baseline and 

follow-up data 3 to 5 days later using survey instruments. Data are managed using Qualtrics 

Survey Software (Qualtrics, Provo, UT). Research coordinators are trained on the study 

protocol prior to interaction with participants. They are also introduced to front-line medical 

and nursing staff and familiarized with the floor plans and room randomizations. Research 

coordinators follow specific guidelines and checklists to ensure that all data are collected 

and managed in a consistent manner.

2.2. Measurements

2.2.1. Patient activation—At baseline and 3–5 days follow-up, we administer the Patient 

Activation Measure (PAM)-13 [40]. The PAM assesses the knowledge, skills and confidence 

essential to managing one’s own health and healthcare [40]. The PAM-13 is a uni-

dimensional, 13-item measure that reflects a developmental model of activation. The 

PAM-13 segments consumers into one of four progressively higher activation levels: 1) 

Disengaged and overwhelmed, 2) Becoming aware, but still struggling, 3) Taking action, or 

4) Maintaining behaviors and pushing further. The PAM-13 has good psychometric 

properties [41–45] and has been validated in multiple outpatient settings. Tests of construct 

validity for the PAM-13 have strong associations with functional status (SF-36 [17] and 

SF-12 [18]). The PAM-13 score has been used to predict health-care outcomes including 

medication adherence, emergency room utilization and hospitalization [46–50]. A recent 

observational study of the PAM-13 found that levels were associated with many health 

outcomes including better clinical indicators, more healthy behaviors, and greater use of 

women’s preventive screening tests, as well as with lower costs [51].

2.2.2. Patient survey—In addition to the PAM-13, we administer a Patient Survey that 

includes two scales that measure: 1) satisfaction with the hospitalization and perceived 

engagement with healthcare providers; and 2) perceived usefulness of the personalized 

inpatient portal. The perceived usefulness scale is administered only to patients in Arms 2 

and 3 of the study (those who received tablet computers). The Patient Survey includes 21 

items on satisfaction and engagement and 5 items on perceived usefulness. All questions are 
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measured on a 5-point Likert-type scale and both scales will be summarized as a mean score 

and standard deviation. The Patient Survey was derived from the 26-item Telemedicine 

Satisfaction and Usefulness Questionnaire [52]. The Telemedicine Satisfaction and 

Usefulness Questionnaire includes two sub-scales, satisfaction/engagement and usefulness, 

which have internal consistency reliabilities of 0.96 and 0.92, respectively [52].

The time that participants spend using the personalized inpatient portal application is 

quantified using system audit logs. We also measure usage of the hospital’s outpatient portal 

at 30-days post-discharge (Table 2). At this time, we are not tracking the use of other 

medically related applications on the tablet computers.

2.2.3. Taxonomy of information needs—The personalized inpatient portal allows 

participants to record questions and comments that are visible to their care team in the EHR 

on the handoff tab. These messages will be analyzed to catalog and understand patient 

information and communication needs.

2.2.4. Clinician surveys—We are also administering a survey to assess clinicians’ 

opinions about the personalized inpatient portal—whether they believe patient-entered 

questions and concerns are useful, and in what ways the application positively or negatively 

impacted their workflow and the care-delivery process. The survey was originally developed 

for the pilot study for this grant based on the Telemedicine Questionnaire and adapted for 

clinicians. The survey includes 21 items on “Satisfaction and Perceived Engagement,” and 5 

items on “Perceived Usefulness.” All questions are measured on a 5-point Likert-type scale 

ranging from “Strongly disagree to Strongly agree.” The survey also provides space for 

clinicians to enter comments, which are being explored through thematic analysis.

2.2.5. Covariate and clinical outcome measurements—At the time of enrollment, 

patients are asked to complete a questionnaire containing information on socioeconomic 

status, living situation, marital status, ethnicity, education level, health literacy and 

technology use. Health literacy is assessed using the simplified screening technique 

developed by Chew et al. [53]. This technique requires little time and compares favorably 

against the gold standard Short Test of Functional Health Literacy in Adults (area under the 

curve 0.87; 95% CI = 0.78–0.96) [53]. Technology-use questions ask whether the patient 

uses the Internet generally, for how long, and through which modes (e.g., laptop, 

smartphone, and tablet computer). The Charlson Comorbidity Index will be used as a 

measure of comorbidity. The score will be extracted from the EHR. We are also using the 

EHR to collect data on participant mortality, hospital readmissions and length of stay.

2.3. Statistical analysis

2.3.1. Sample size estimation—We hypothesized that the change in patient satisfaction 

between Arm 1 (usual care) and Arm 2 (with access to general consumer health information) 

would be one-half of the difference between the generic consumer health information and 

Arm 3 (personalized inpatient portal). In part, we based this assumption on a study 

measuring differences in patient satisfaction among patients using a tailored Internet-based 

tool for diabetes management compared with patients accessing general Internet resources 
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[54]. In that study, the satisfaction score was 4.9 out of 6 for the tailored group and 3.7 out 

of 6 for the generic group, with a pooled standard error of 1.56. For this study, we estimated 

that a sample size of 142 per arm was required to detect a difference in satisfaction of 0.6 

[(4.9–3.7) / 2] (standard error of 1.56) with a power of 80% and a significance level (alpha) 

of 0.05/3 (using the Bonferroni method) [54]. With three arms in the proposed study, 426 

total patients are required. Patients are randomized equally to the three arms. To date 140 

participants have been recruited and are enrolled in the study between March 2014–January 

2016.

2.3.2. Data analysis for RCT—Patients’ baseline characteristics will be compared using 

Analysis of Variance (ANOVA) F-tests for continuous variables and Chi-squared tests for 

categorical variables among the three treatment arms. For the primary outcome, patient 

engagement, the change in PAM scores (from baseline to follow-up) will be calculated and 

compared using Kruskal–Wallis test across the three groups.

In Arm 3, we will describe the total time on the personalized inpatient portal per day (there 

is an auto log-off function after 20 min of idle time). Generalized linear models, or survival 

models, depending on the type and distribution of the outcome variables, will be the primary 

analytic approaches. In particular, linear regression models will be used to assess the effect 

of treatment on summary scores describing levels of activation, satisfaction, and the rate of 

refusal by patients to accept medications (calculated as number of refusals divided by 

number of times asked per patient). If data do not follow a normal distribution, an 

appropriate transformation will be used on the outcome variables.

Logistic regression models will be used to assess the association between treatment and 

frequency of login to the hospital outpatient portal. If the proportional odds assumption 

holds, proportional odds logistic regression models will be used to evaluate the association 

between treatment and change in PAM-13 scores; otherwise, multinomial logistic regression 

will be used. Cox proportional hazard models will be used to examine the association 

between treatment and time to mortality or hospital readmission (first event).

All of the above analyses will adjust for patient variables, including socioeconomic status, 

living situation, marital status, ethnicity, education level, age, sex, admitting diagnosis, 

health literacy, technology use and the Charlson Comorbidity Score. Appropriate statistical 

methods, such as imputation or inverse-probability weighting, will be used where missing 

data are present.

2.3.3. Data analysis for patient-entered information—We will perform thematic 

analysis to code patient-documented questions and concerns. Two members of the research 

team will independently code the comments using a coding framework. Each person will 

independently examine 20% of the sample of comments. Inter-rater reliability will be 

calculated for these data. If a high level of agreement is reached, a single rater will 

categorize the remainder of the data and any equivocal items will be discussed among raters 

for final categorization. We anticipate that the themes will be classified with the categories 

identified in the Centers for Medicare & Medicaid Services’ Hospital Consumer Assessment 

of Healthcare Providers and Systems (HCAHPS) survey, which include: communication 
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with doctors, communication with nurses, responsiveness of hospital staff, pain 

management, communication about medicines, discharge information, cleanliness of the 

hospital environment, and quietness of the hospital environment.

2.3.4. Partnering in dissemination activities—In 2006, the Agency for Healthcare 

Research and Quality released a report that summarized the evidence base regarding benefits 

and costs of health information technology systems [55]. The report explained that 

widespread implementation of HIT is limited by the lack of generalizable knowledge about 

what types of HIT and methods for its implementation will prove most useful for specific 

health organizations [55].

In addition to the randomized trial, we are demonstrating the generalizability of the inpatient 

portal by deploying it at a West Coast community hospital. This site, demographically 

speaking, treats a very different population from the primary study site, an academic medical 

center in New York City. Deploying the patient engagement technology at a community 

hospital and collecting patient engagement data, including patient activation and satisfaction, 

will help us assess sustainability, reach, and adoption [56,57].

The study design at the West Coast community hospital is a cohort study, not a randomized 

controlled trial. Participants in the intervention group receive a tablet computer with a 

similar inpatient engagement portal. The total target sample size for the West Coast 

community site is 160 participants (80 in the usual care group and 80 in the intervention 

group). Participants are recruited from a surgical recovery unit. Due to the shorter average 

length of stay, participants in both groups are given the PAM-13 and demographic 

questionnaire at enrollment. Prior to the same day discharge, participants in the intervention 

group are re-administered the PAM-13 as well as the patient satisfaction questionnaire. For 

the statistical analysis, the demographic characteristics, PAM-13 scores and patient 

satisfaction will be summarized with traditional descriptive statistics. We will compare the 

baseline PAM scores between the control and intervention groups using a Wilcoxon rank 

sum test. In the intervention group, we will compare the baseline and follow-up PAM and 

satisfaction scores using the Wilcoxon signed-rank test.

3. Discussion

Increasingly, health-care delivery organizations are focusing on improving patient 

engagement and the patient experience. Patient engagement has been compared to a 

“blockbuster drug” [58], and the Centers for Medicare and Medicaid Services recently began 

reporting the HCAHPS results using a star rating system. With the primary aim of improving 

overall patient engagement among hospitalized cardiology patients, our pragmatic 

randomized controlled trial is part of a growing area of research in this area.

To our knowledge, this will be the first and largest randomized trial of cardiology patients to 

test a personalized inpatient portal in medical and surgical inpatient units. Dykes and 

colleagues have developed an electronic bedside communication center prototype, as well as 

a web-based patient-centered toolkit prototype to improve access to health information and 

engage hospitalized patients in their plans of care [59–61]. One of the differences between 
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their web-based toolkit and this personalized health portal, is that caregivers of patients in 

the medical intensive care units were recruited to the study, whereas we did not specifically 

recruit caregivers [59]. Similarly, the Veteran’s Administration has tested a paper-based 

daily plan for patients in the inpatient setting and found that among patients who responded 

to the survey, the majority found it increased their understanding of their treatment, and 

improved care and satisfaction [62]. O’Leary and colleagues [63] have also conducted a 

study showing that the provision of a mobile patient portal application to hospitalized 

patients was able to increase the patients’ knowledge of physician names and roles. This 

study had an intervention group that received an inpatient portal including information about 

the care team, medications, and plan for the day. The PAM was administered to participants 

in the control and intervention group at a single point in time. Some of the differences 

between our studies are that the difference in the PAM score was not reported in the O’Leary 

study and the inpatient engagement portal in our study provided more comprehensive 

information from the medical record. Pell et al. [64] also gave hospitalized patients tablet 

computers to access test results and active medication schedules. In this study, they asked 

patients and clinicians before and after administering the tablet about perceived beliefs of 

sharing information with patients. They found that the concerns patients and clinicians had 

about sharing information did not bear out, there was not an increased workload for 

clinicians and it did not increase confusion or worry by patients [65]. In the inpatient 

pediatric setting, parental engagement was studied by Palma et al. [66] by providing parents 

of children in the neonatal intensive care unit with a daily, printed care plan. Families found 

these daily updates useful, and showed trends toward improved communication with 

providers [67].

Overall, most of the studies that have evaluated the impact of inpatient portals were cohort 

or cross-sectional studies. Our study is one of the first to study an inpatient portal 

intervention systematically in a pragmatic randomized controlled trial. Additionally, we are 

the first to discretely measure patient engagement changes as affected by the use of inpatient 

technology.

Our study also has several design features that merit attention. As a pragmatic clinical trial, 

this intervention provides a good example of what is feasible in an urban, academic-medical 

center environment in a multilingual, multi-ethnic patient population. The results of this 

study will be relevant to hospital administrators and other stakeholders who are making 

decisions about the types of technology in which to invest to engage patients and improve 

the quality of their care.

As a pragmatic trial, there are also inherent limitations, including trade-offs between internal 

and external validity. For example, in pragmatic clinical trials, it can be difficult to detect 

when the intervention is not delivered uniformly across all participants [68]. Though we can 

measure use of the personalized inpatient portal to some extent, we may not know if the 

portal or some other source of information was responsible for changes in patient activation 

and satisfaction. For instance, family members were allowed to use the patient portal and 

access the internet from the tablet for medical information.
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4. Conclusions

In conclusion, our study has the potential to yield new knowledge regarding the impact of a 

personalized inpatient portal on improving overall patient engagement, including patient 

activation and satisfaction. The study will illuminate hospital patients’ information needs. If 

the study is successful, continuing advances in mobile computing technology should make 

these types of interventions possible in a variety of clinical care delivery settings.
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Fig. 1. 
Screenshots of the personalized inpatient portal.
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Table 1

Functionality of the personalized inpatient portal.

Inpatient PHR function Description

Secure login and auditing Login security includes auto timeout and detailed audit logging.

Change password Enter new password to change the current password.

View tutorial information Browse tutorials to learn how to use each functions on this.

View care team Browse current members of the care team by name, role, and photograph.

View my care updates Browse all care update messages including medications, tests, care team changes and vital signs.

View medications Browse current medications received and scheduled, including name, dose, route and frequency as 
well as comprehensive patient-friendly medication information.

Patient questions/concerns Enter questions and concerns that are viewable by the care team in the electronic health record.

View vital signs, test orders, diet and 
weight

Longitudinal display of vital signs (blood pressure, heart rate, temperature and weight), test orders, 
diet orders and weights.

View test and lab results Longitudinal display of all lab results and notes from test results.
Have test results gone live (i.e.: pathology reports?) If so, how are they visualized to participants—as 
a note?

Medication reconciliation Browse active, as needed, completed or discontinued hospital medications and active home 
medications.

Allergy reconciliation Browse documented allergies.

Pain information Enter current pain level and browse previous recorded pain levels.

Notepad Enter personal notes related to the hospital stay.

Spanish translation Browse all of the pages in Spanish.

Provide clinician feedback Give clinicians a “like” or a “star” for excellent care.
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Table 2

Data collection methods, study variables and proposed statistical methods.

Data collection method Variable(s) and statistical methods Collection times

Exclusion criteria

Mini-mental status exam Cognitive status Prior to enrollment

Patient characteristics (differences at baseline and associations with dependent variable)

Demographic survey and 
electronic health record data

Socioeconomic status, living situation, marital status, ethnicity, 
education level, age, sex, admitting diagnosis, health literacy, 
technology use

At enrollment

Patient survey Satisfaction and Engagement (13 items, 5-point Likert-type scale)
Usefulness (10 item, 5-point Likert-type scale)
Method: Linear regression models to assess the effect of 
treatment arms on summary scores describing levels of 
satisfaction and engagement

Days 3–5 of hospital stay

Patient Activation Measure 
(PAM) assessment [69]

Activation level
Method: proportional odds logistic regression models to assess 
the treatment effect on PAM, predictors of lowest level of 
activation; otherwise, multinomial logistic regression will be used

At enrollment and on days 3–5 of 
hospital stay

Inpatient portal usage logs Frequency and duration of system use, type of information 
accessed or task performed (which features were accessed—
medication, allergies, specific tabs)
Total time logged per day
Method: Linear regression models to investigate the effect of 
treatment on total time logged per day

Continuously when system is used

Outpatient portal usage logs Patient use of outpatient portal and access to various features
Proportion accessing portal
Frequency of login-in of outpatient portal
Method: logistic regression to assess the association between 
treatment and frequency of login-in of outpatient portal.

30 days post-discharge

Administrative electronic health 
record data

Mortality, hospital readmission within 30 days of discharge
Survival analysis, time-to-first event
Method: Cox proportional hazard models to examine the 
association between treatment and time to mortality or hospital 
readmission (first event).

30 days post-discharge

Clinical electronic health record 
data

Rate of refusal by patients to accept medications:
Number of refusals/number of times asked to accept medications
Linear regression to assess the association between treatment 
arms and rate of refusal. (We may use logit transformation of the 
outcome depending on distribution).

Retrospectively post-discharge
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