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Abstract

Background—In solid organ transplant patients, non-participation in all aspects of the medical 

regimen is a prevalent problem associated with adverse consequences particularly in the 

adolescent and young adult (AYA) age group. This study is the first to evaluate the feasibility, 

utility and impact of a text messaging (TM) intervention to improve participation in laboratory 

testing in adolescent liver transplant patients.

Methods—AYA patients, aged 12 to 21 years, were recruited for a prospective pilot trial 

evaluating a TM intervention delivered over a 1-year period. The intervention involved automated 

TM reminders with feedback administered according to a prescribed laboratory testing frequency. 

Participation rate in laboratory testing after the intervention was compared to the year prior. 

Patient responses and feedback by text and survey were used to assess feasibility, acceptability 

and use of the intervention.

Results—Forty-two patients were recruited and 33 patients remained enrolled for the study 

duration. Recipients of the TM intervention demonstrated a significant improvement in 

participation rate in laboratory testing from 58% to 78% (P<.001). This rate was also significantly 

higher than in non-intervention controls (P=.003). There was a high acceptability, response rate 

and a significant correlation with reported versus actual completion of laboratory tests by TM.

Conclusions—TM reminders significantly improved participation in laboratory testing in AYA 

liver transplant patients. The intervention demonstrated feasibility, acceptability, and use with a 

high proportion of patients who engaged in and perceived a benefit from using this technology.
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Introduction

Facilitating active participation in self-care remains an important goal in the current health 

care and patient community. [1]. In the pediatric literature, non-participation, commonly 

referred to as “non-adherence” is described as a prevalent problem that has led to poor 

outcomes, unreliable treatment efficacy assessments, unnecessary clinical interventions and 

enormous costs to American taxpayers. [2] Organ transplantation represents a life-saving 

procedure that requires long-term immunosuppressive medication and regular laboratory 

testing to ensure excellent outcomes. Frequent laboratory testing represents an important 

mechanism to monitor disease activity as in many patients with chronic illness. However, in 

adolescent transplant patients, non-participation in all aspects of the medical regimen 

including laboratory testing is a prevalent problem associated with adverse consequences. 

[3–7] The lack of proven interventions requires further studies to address this problem in 

this high-risk population.

Technology-based approaches represent a promising way to address non-participation in 

AYA patients. Cellphones, TM, and internet-based tools are widely used in the adolescent 

population among all socio-economic groups. [8] For many American teens, TM is the 

preferred method of communication and also represents a low-cost, accessible and 

convenient way to communicate reminders. [9] Studies in pediatric liver transplant cite 

forgetfulness as the primary reason for non-participation; therefore, reminder-based TM 

interventions could address the most common etiology for non-participation. [10] Yet, to 

date, there is only one study using TM reminders in pediatric liver transplant patients that 

targeted medication participation in patients of all ages. [11]

To our knowledge, our study is the first to investigate the impact of a TM intervention on 

participation in laboratory testing in the high-risk population of AYA liver transplant 

recipients. In a prospective pilot study, we evaluated the impact of TM reminders to improve 

participation in laboratory testing in adolescent liver transplant patients. Our secondary aim 

was to determine the feasibility, acceptability and use of an automated TM program 

involving feedback for test completion. We hypothesized that the TM intervention would 

improve participation in laboratory testing in AYA liver transplant patients.

Methods

Study population and design

This study was a non-randomized pilot feasibility and impact trial of automated TM 

reminders for laboratory tests. All patients 12–21 years of age and greater than 6 months 

post-liver transplantation were screened by chart review for eligibility. Participants with 

access to a mobile device with TM capability were recruited (August 2012 to December 

2013) by phone or in person from the outpatient and associated outreach clinics of a 

quaternary care academic children’s hospital. Participants were not reimbursed for any 

charges associated with TM. A historical control group of patients without direct contact for 

consent was included in the post-hoc analysis for comparison. The institutional review board 

approved the study protocol; consent and assent were obtained as appropriate by age before 

the study procedures.
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Intervention

Cell phone numbers were collected and the data were entered into a secure website with 

password protection. The TM intervention was fully automated and administered from 

January 2013 to January 2014. Patients agreed to receive messages on a predetermined 

schedule according to the frequency of lab tests required either monthly, bi-monthly (every 

2 months) or quarterly, which was confirmed by chart review and based on clinical stability 

and time from transplantation.

Patients received a TM reminder the first Monday of each month in which testing was 

required. They also received a message the last Monday of the month to inquire about 

completion of laboratory testing with associated feedback responses. The messages were 

designed as follows: “Hi, this is a reminder to get your lab tests done this month!” End of 

the month reminders were structured as: “Did you get your lab tests done this month? Reply 

1 for YES and 2 for NO.” If “YES,” the system responded with “Great! Please call our 

office at [office number] to review the results,” and if NO, they received “Please get your 

lab tests. It’s important to check the health of your liver!” If a non-coded response was 

received, the system sent the following message: “Unrecognized message. For questions or 

to opt out of the program, please contact [study investigator at office number].”

All responses were recorded by the system and stored on a 128-bit SSL secure server. The 

cost to maintain the intervention included an average of $31 per month for the website 

domain and phone number and $0.01 per TM. TM was not reimbursed but all patients had 

unlimited TM plans.

Measures

Laboratory participation—The primary outcome of participation rate in laboratory 

testing was calculated as the percentage of completed versus expected laboratory tests. The 

number of expected laboratory tests ranged from an average of 4 to 12 depending on 

medical complications and time from transplant. Expected frequency was defined by health 

care provider documentation in the chart. Completion of laboratory tests was confirmed by 

documented results in the electronic medical record the year prior to (2012) and during the 

study (2013).

Feasibility, Acceptability and Use—Feasibility considerations included the number of 

eligible and willing participants with continuous coverage for the study duration. Patients 

were asked to complete an online or paper survey regarding text messaging utilization, 

phone characteristics and communication preferences prior to the study. The web interface 

tracked errors and disconnected numbers. Rate of change in frequency of laboratory testing 

owing to health status was also calculated. Acceptability evaluation included survey 

feedback about the utility of the TM intervention. Use data included the rate of participant 

response as well as the overall and specific number of responses sent during the 

intervention. We also evaluated the correlation between reported and actual events regarding 

completion of laboratory tests.
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Statistical analysis

Statistical analyses were performed using JMP Pro 10 statistical software (SAS Institute, 

Cary, NC) with significance set at P<.05. Demographic characteristics were analyzed for 

descriptive purposes. Paired-sample t-tests were used to compare participation rate in 

laboratory testing before and after the intervention. Matched paired or unpaired t tests were 

used as appropriate to compare secondary continuous outcomes. The Cochran-Mantel-

Haenszel test was used to analyze stratified categorical data. The Shapiro-Wilk test was 

conducted to evaluate participation data for normality and on this basis non-parametric 

analyses were subsequently used.

The one-way ANOVA test was conducted to determine any effect of TM frequency on 

laboratory participation rate. Feasibility, acceptability and use of the intervention were also 

assessed using descriptive statistics. An agreement test was performed to compare the 

reported versus actual outcome regarding completion of laboratory testing.

Results

Forty-two patients (age 12–21) consented to participation and 33 (79%) completed the 

study. None of the patients dropped out of the study; 9 were later excluded due to various 

reasons (Fig. 1). Demographic data for the enrolled patients are presented in Table 1. In the 

intervention group, 11 patients received monthly TM (Group 1), 9 patients received 

bimonthly TM (Group 2), and 13 patients received quarterly TM (Group 3). There were no 

adverse events reported or confidentiality breaches during the study.

Participation in laboratory testing

The average participation rate in laboratory testing among TM patients significantly 

increased from 58% (M=0.58, SD=0.31) to 78% (M=0.78, SD=0.30) after the reminder 

intervention by the Wilcoxon matched pairs test (p<.001). We then conducted a secondary 

post-hoc analysis using a comparison group of 51 patients age 12–20 not enrolled in the 

study (Fig 2). The average participation rate changed from 57% (M=0.57, SD=0.29) to 61% 

(M=.61, SD=0.33) after the intervention period, which was not a significant change (p=.38).

Comparing the two groups, there was no significant difference in the mean laboratory 

participation rate at baseline (P=.80) but a significant difference was noted after the study 

period (P=.03). We also calculated a significant mean increase in laboratory participation in 

the intervention group compared to the non-intervention group after the study period (P=.

003).

We then compared subject change in laboratory participation (improved/no change/worse) 

by starting participation quartile between the intervention and non-intervention groups (Fig 

3). Patients were grouped accordingly: Level I=0–25%, Level II=25–50%, Level III=50–

75%, Level IV=75–100%. There was a significant association between starting quartile and 

change in participation rate by group (text vs. no-text) using the stratified analysis (p=.002).

In the TM group, 22 patients (67%) improved and 3(1%) had worse laboratory participation. 

Eight patients did not change but 6 had 100% participation prior to TM and all maintained 
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perfect participation post-TM. In the non-TM group, 20 patients (39%) improved and 17 

(33%) had worse participation. Fourteen patients did not change participation; 11 had 100% 

perfect participation at baseline but only 6 of those patients maintained perfect participation 

in this group.

A subgroup analysis was conducted in the intervention group to determine whether there 

was an effect of testing frequency on participation. The one-way ANOVA test did not detect 

a significant effect of TM frequency on laboratory participation (p=.64).

Feasibility, Acceptability and Use

Of the 44 patients screened, only 2 patients (5%) did not enroll; 1 was excluded owing to 

lack of a mobile phone and the other declined. Twenty-five of the 42 enrolled patients (60%) 

completed pre-study questionnaires. All of the patients reported having unlimited text 

messaging and therefore no additional cost to participate. Thirteen patients were already 

using their phone for either medication or clinic reminders but none for laboratory tests. All 

survey participants preferred secure email or text messaging as the primary method of 

contact about their medical care; the majority preferred text messaging (68%) to email 

(32%).

Of the 42 patients initially enrolled, 9 patients (21%) were later excluded owing to medical 

or technical reasons (Fig 1). None of the patients discontinued the intervention. No phone 

numbers were disconnected according to the study log; however, it was discovered that one 

cellphone number changed and 2 patients did not receive messages for an unclear reason. 

These patients were excluded from statistical analyses. During the study, 11 patients had a 

change in laboratory frequency based on clinical stability; 9 had a decreased frequency and 

2 required more frequent testing.

Thirty patients, (77%) of those with a working cellphone number, responded with at least 

one text message during the study. Twelve patients (29%) tried to communicate additional 

messages using the program; the majority represented clarifications regarding a revised 

laboratory schedule. An average of 5.7 text messages were sent per patient (SD=3.6, range 

1–13). The majority of responses represented “YES” replies with a total of 95 (M=3.2, SD 

2.8, range 0–11) compared to 70 “NO” replies (M=2.4, SD 2.4, range 0–11). The majority of 

patients who responded (83%) sent at least one “NO” message when laboratory tests were 

not completed.

Eighty-nine (94%) of the “YES” messages correctly corresponded to a completed laboratory 

test. Seventy-three (96%) of the “NO” replies corresponded to not completing a laboratory 

test by chart review. This excellent agreement was supported by the kappa statistic (k=0.89, 

p<0.001) (95% CI=0.82, 0.96). McNemar’s test failed to reject the null hypothesis (p=0.32), 

which supported agreement between reported and actual completion of laboratory tests by 

chart review.

Thirty patients completed a post-study survey. The majority of patients (80%) positively 

responded that the program was helpful. The remaining patients all thought it could be 

helpful for other patients or if better coordinated to her/his schedule. The majority of 
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patients (70%) responded that the TM reminders definitely or possibly “made them more 

likely to get laboratory tests”; 1 patient was not sure and 26% did not think it impacted their 

care. 3 patients reported technical issues (2 who never received messages) and one reported 

a change in phone number after the intervention. Most of the patients (71%) wanted the 

reminders to be re-activated, even those who did not report a definite benefit. A larger 

proportion (97%) felt that TM reminders could be helpful for at least one aspect of self-

management.

Discussion

Our study demonstrated a significant improvement in laboratory participation using a low 

cost, automated TM reminder intervention in AYA liver transplant recipients. This effect 

was also significant compared to the remainder of our AYA population followed during the 

same time period. We also showed the high rate of acceptability and communication using a 

TM intervention in our AYA population. This is the first study to evaluate and show a 

positive impact of a TM intervention specifically in a high-risk transplant population.

Active participation in medical care represents a prevalent, challenging and costly problem 

for pediatric and adult health care providers. [12] Adolescent transplant patients are known 

to represent a particularly vulnerable group, with worse long term outcomes that include 

rejection and death attributed to non-participation. [13]As such, there is an interest in the 

development and evaluation of effective solutions. Despite knowledge of the problem and its 

associated outcomes, few intervention studies exist in the literature specific to this 

population. The majority of TM studies have addressed medication and clinic appointment 

participation with mixed results. [14,15]

Our study is the first report to address participation in laboratory testing, which is an 

important element of self-management. For liver transplant patients, it represents the 

primary means to screen and monitor organ health. In addition, regular laboratory testing 

tracks the immunosuppressant drug levels, which provide as assessment of medication 

participation. [16] Our study did not evaluate an impact on medical outcomes. However, we 

hypothesize that increasing the number of recorded laboratory values may improve earlier 

detection of non-participation and medical complications; this could improve outcomes and 

potentially lower health costs through earlier intervention if studied over a longer period in a 

larger population. [17]

An important feature of TM interventions includes the capability for efficient 

implementation, increased patient engagement and an ability to address disparities in 

existing care. [14,17] As a primary form of communication among adolescents, mobile 

interventions can be used effectively across geographic and socioeconomic boundaries. [14] 

Our study included patients of all ages in the AYA spectrum that was demographically 

representative of our area. [18] Cost concerns and language barriers did not preclude 

participation. These are important considerations as non-participation is associated with 

subgroup risk factors such as low socioeconomic class. As both an effective and inclusive 

intervention, this TM approach represents a promising means to reach, engage and impact 

care among those with the greatest need. [8,10]
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We noted a high rate of patients who attempted communication through the program. Our 

AYA patients were reliable with strong correlation between reported and actual completion 

of laboratory tests. Minor discrepancies may have resulted from reporting errors or 

information bias related to documentation in the medical record. Feedback from our patients 

confirmed an interest in incorporating TM for other aspects of care; this interest and 

engagement of AYA patients in technology-based interventions is supported by other 

studies. [14, 19–22] The ability of TM to offer beneficial reminders and increased 

communication should also promote self-management skills, which are an important 

element for the successful transition to adult care. [23]

This low cost, low resource-intensive intervention significantly improved rates of laboratory 

testing. Of note, only 3 patients had a decreased rate of testing after the intervention. On 

further analysis, lack of clear communication regarding expected laboratory frequency 

contributed to worse participation. There was also a high rate of change in required lab 

frequency based on clinical stability in our study. This suggests the presence of additional 

system factors as potential barriers to optimal participation and an opportunity to improve 

care. [24]

Limitations to our study include the single center recruitment, a specific disease population 

and a small sample size. The study was not randomized or controlled and we used the 

patient as her/his own historical control. Anticipating the possible impact of selection bias 

(non-participatory patients are less likely to enroll in studies) and regression to the mean, or 

the effect of time, we did utilize a comparison group. Only the TM group significantly 

improved participation in laboratory testing at the individual and group level. In patients 

with perfect participation at baseline, all who received TM maintained perfect participation 

compared to only 55% in the non-TM group.

Additional limitations included factors that reduced our total study population, which 

included many unanticipated medical events. However, the biggest technical challenge 

resulted from the change in laboratory frequency in a large proportion of patients. As such, 

the messages did not always correctly correspond to the month of required testing. Many 

patients felt this was a barrier to the utility and acceptability of the intervention. However, 

despite these technical difficulties, the majority of patients felt the reminders were beneficial 

and made attempts to communicate to correct their schedule. Incorporating an improved 

monitoring system and regularly reviewing patient responses could address these issues.

These limitations to our automated system must be weighed against the advantages. Other 

studies show benefits in cost, feasibility and acceptability of an automated approach, 

especially if supported by theory and user-specific responses. [25–27] A supplementary 

strategy could be to introduce more patient control, which has been found to be a well-

accepted and utilized means of TM support. [20] Adding a more tailored or personalized 

content also appears to achieve a significant benefit. [14, 25–27] The results of our study 

and participant feedback provide further encouragement that mobile health applications 

remain important tools for our AYA populations. Continuing to modify and evaluate these 

approaches may achieve the most effective means to impact participation and significantly 

improve care. [28]
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Conclusions

Our study demonstrated the feasibility, acceptability and efficacy of a TM reminder 

intervention to improve participation in laboratory testing in AYA liver transplant recipients. 

It highlights the impact of using a low-cost, fully automated means of communication that 

incorporated feedback to address an important aspect of self-management in a high-risk 

group. A future study might increase personalization, better coordination with management 

goals and bi-directional patient communication to achieve better results. Further longitudinal 

studies in larger, controlled populations should evaluate an impact on medical outcomes.
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Figure 1. 
Study diagram including patient enrollment and data analysis for the prospective TM study.
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Figure 2. 
Comparison of change in mean laboratory participation within the TM group (P<0.001) and 

a comparison non-TM group (P=0.38), 1 year before and 1 year after the TM study period. 

There was a significant increase in mean participation in the TM group compared to the non-

TM group (P=0.03).
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Figure 3. 
Analysis comparing the proportional response (Improved, No Change or Worse) in 

participation by starting quartile of laboratory completion in the TM group (A) compared to 

the Non-TM (ΦTM) group (B). There was a significant association between starting quartile 

and change in participation by group (p=.002).
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Table 1

TM Participant Characteristics

N 33

Age at study beginning, median (range), y 16 (12–20)

Gender (female:male), n 20:13

Race/ethnicity, n

 Asian/Pacific Islander 5

 Hispanic 12

 White 16

Diagnosis, n

 Biliary atresia 10

 Metabolic 7

 Acute Liver Failure 5

 Hepatoblastoma 5

 Other 7

Age at transplant, median (range), y 4 (1–17)

Years post-transplantation, median (range), y 11 (1–19)

Laboratory frequency, n

 Monthly 11

 Bi-monthly (every 2 months) 9

 Quarterly 13
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