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Abstract

Background.—In a randomized controlled trial, lung transplant recipients (LTRs) using a mobile 

health intervention, Pocket Personal Assistant for Tracking Health (Pocket PATH), showed better 

adherence to the medical regimen than LTRs receiving usual care during the first year 

posttransplant. We examined whether these effects were maintained beyond the end of the trial and 

evaluated other potential risk factors for long-term nonadherence.

Methods.—Adherence in 8 areas was evaluated at follow-up in separate LTR and family 

caregiver (collateral) assessments. Pocket PATH and usual care groups’ nonadherence rates were 
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compared; multivariable regression analyses then examined and controlled for other patient 

characteristics’ associations with nonadherence.

Results.—One hundred five LTRs (75% of survivors) were assessed (M = 3.9 years post-

transplant, SD = 0.8). Nonadherence rates in the past month were 23%–81% for self-care and 

lifestyle requirements (diet, exercise, blood pressure monitoring, spirometry), 13%–23% for 

immunosuppressants and other medications, and 4% for tobacco use, with 31% clinic appointment 

nonadherence in the past year. In multivariable analysis, the Pocket PATH group showed lower 

risk of nonadherence to lifestyle requirements (diet/exercise) than the usual care group (P < 0.05). 

Younger age and factors during the first year posttransplant (acute graft rejection, chronically 

elevated anxiety, less time rehospitalized, nonadherence at the final randomized controlled trial 

assessment) were each associated with nonadherence in at least 1 area at follow-up (P < 0.05).

Conclusions.—Pocket PATH did not have sustained impact on most areas of the regimen, 

although we identified other risk factors for long-term nonadherence. Future work should explore 

strategies to facilitate sustained effects of mobile health interventions.

INTRODUCTION

Mobile health (mHealth) refers to the use of mobile wire-less devices to support health care 

and public health,1,2 and mHealth technologies offer promising solutions for the challenge 

of nonadherence in lung transplant recipients (LTRs). Nonadherence to the multicomponent 

posttransplant regimen is prevalent in LTRs, with rates as high as 70% for some elements of 

the regimen by 2–3 years post-transplant.3–7 Clinical outcomes can suffer as a result.6–9 

Many tasks comprising the regimen (eg, taking immunosuppressants, monitoring lung 

function) are amenable to the algorithmic assistance offered by mHealth. Moreover, 

transplant recipients have favorable attitudes toward use of mHealth for this purpose,10–13 

and there have been calls for evidence-based mHealth interventions to address adherence 

issues in transplantation.14–16

mHealth interventions have included internet strategies, software on tablet computers, 

wearable behavior monitoring devices, and smartphone applications (apps).1,2,14,16 One such 

intervention—the Pocket Personal Assistant for Tracking Health (Pocket PATH)—is a 

smartphone app designed to enhance performance of all aspects of the post lung transplant 

regimen.17 Unlike most apps which reach consumers with little to no empirical evaluation,
18–22 Pocket PATH is one of a limited number of mHealth interventions2,19,21–23 to have 

undergone user-centered development and testing.17,19,24,25 Moreover, it focuses specifically 

on transplant recipients and, beyond several pilot studies,26,27 Pocket PATH remains the only 

such app in transplantation evaluated in a full-scale randomized controlled trial (RCT) 

(NCT00818025).17 Its features include alerts and reminders about medication-taking and 

other behaviors, options to track health indicators and symptoms, and decision support tools 

guiding patients on when to seek transplant team assistance. In an RCT with 201 LTRs 

followed through the first year posttransplant, those receiving Pocket PATH showed better 

medical regimen adherence than patients receiving usual care.17

However, little is known about whether any mHealth intervention targeting nonadherence, 

including Pocket PATH, has sustained effects beyond the relatively brief periods of use in 
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research investigations.14,23,28–30 This gap precludes understanding of the full value of 

mHealth strategies,14 especially in light of average longevity in patients after transplantation.
14 In addition, the lack of information on long-term, sustained impact is of particular 

concern because self-motivated adherence to the regimen becomes increasingly important as 

the time since transplant grows longer, clinical follow-up becomes less frequent, and 

recipients assume greater responsibility for monitoring their health. Identifying predictors of 

non-adherence well beyond the early years posttransplant is therefore also important but has 

proved challenging. Even early posttransplant, existing evidence on putative risk factors is 

mixed and inconsistent.4,5,7,31–34

To assess whether Pocket PATH had sustained effects on LTRs’ medical regimen adherence 

beyond the 1-year period of the original RCT, we conducted a long-term follow-up study of 

trial participants. They averaged ~4 years posttransplant at follow-up. Our primary goal was 

to determine whether assignment to the Pocket PATH intervention reduced long-term 

nonadherence to the medical regimen, relative to usual care. Our secondary goals were to (a) 

describe long-term nonadherence in this population, for which there are few data beyond 2–

3 years posttransplant, and (b) identify patient characteristics that increase risk for long-term 

nonadherence.

MATERIALS AND METHODS

Study Participants

Participants were enrolled in the original RCT17 in January, 2009 through December, 2011 

during hospitalization for lung transplantation at the University of Pittsburgh Medical 

Center. The RCT followed them during the first year post-transplant. Eligible LTRs were 

first-time transplant recipients ≥18 years of age who read and spoke English; 75% of eligible 

patients were enrolled.17 We recontacted participants for follow-up in March through 

September, 2014.

Procedure

The University of Pittsburgh Institutional Review Board approved the original and follow-up 

studies. LTRs provided written informed consent in the original trial, and electronic or 

verbal consent for the follow-up assessment.

The original RCT’s procedures have been described.17 In brief, LTRs were randomized to 

the Pocket PATH intervention or usual care study arms before hospital discharge 

posttransplant. Patients in both groups received identical discharge instructions regarding 

self-management. During the RCT, their adherence to the posttransplant medical regimen 

was assessed during the first year at 2, 6, and 12 months, as described below.

LTRs in the intervention group received a smartphone with the Pocket PATH app with 

features allowing them to set reminders for medication-taking and appointments, and record 

and view graphs for the health indicators that the transplant program required them to 

monitor. If health indicator values fell beyond preestablished ranges, Pocket PATH provided 

decision-support messages instructing them to contact their transplant coordinator.
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LTRs in the usual care group received the transplant program’s standard paper-and-pencil 

tracking logbook in which they were to record values for the health indicators they were 

required to self-monitor. If LTRs determined these values met criteria as abnormal, they 

were to contact their transplant coordinator.

At the RCT’s conclusion, LTRs in the Pocket PATH group kept the smartphone and could 

have continued to use the app. However, the app’s automatic decision-support feature no 

longer functioned for any participant because the phone’s data plan ended. LTRs were not 

prospectively followed to determine whether and for how long they continued to use the app.

For the follow-up study, we recontacted LTRs to assess medical regimen adherence and 

psychosocial status (including whether LTRs assigned to Pocket PATH were still using it). 

Depending on their preference, they were assessed by telephone (by a trained interviewer) or 

via a secure internet-based form (Qualtrics, LLC); there were no significant differences due 

to assessment mode for any variable. We also contacted each LTR’s primary family 

caregiver (the person they identified as providing them the most care and assistance). After 

providing informed consent, the caregiver completed an assessment of the LTR’s adherence 

at follow-up.

Measures

Nonadherence at Long-term Follow-up—Self-report (alone or combined with other 

methods such as collateral report) identifies nonadherence rates as high or higher than any 

other method7,35–37; a multimethod approach is recommended.38 Thus, at follow-up (and in 

the original RCT), we assessed nonadherence using a combination of patient and family 

caregiver report.

Specifically, we used the Health Habits Survey,39,40 a reliable, validated instrument used in 

various transplant populations.4,40,41 It assesses frequency of performing elements of the 

posttransplant regimen during the prior month, the recommended timeframe for maximizing 

accurate recall.37 We assessed nonadherence in 8 areas: (a) taking the primary 

immunosuppressant, (b) taking other medications, (c) attending clinic appointments, (d) 

performing home spirometry, (e) monitoring blood pressure, (f) following a prescribed diet, 

(g) following a prescribed exercise plan, and (h) abstaining from tobacco use. (Clinic 

appointment attendance was assessed over the past y rather than the past mo because LTRs 

were not required to have monthly visits.) Although questions used an ordinal response 

format to indicate activity frequency, we dichotomized responses to indicate whether LTRs 

met the minimum level of adherence acceptable to the transplant program (eg, missing the 

primary immunosuppressant less than once monthly; see Results section).

As in the original RCT, because we employed both patient and collateral reports, we created 

a single measure of non-adherence for each of the 8 areas by taking any report of 

nonadherence, whether from patient or caregiver, to indicate nonadherence. We created an 

overall measure of nonadherence by summing the number of areas to which LTRs were 

nonadherent. Although all LTRs had family caregivers who could serve as collaterals in the 

original RCT (because having a caregiver was required for transplant), 24% of patients 

reported they no longer had a caregiver at follow-up. For such patients, adherence was based 
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on their own report. Nonadherence rates did not differ between these patients and the 

remainder of the cohort (see Results section).

Potential Predictors and Correlates of Long-term Nonadherence—Our primary 

predictor was whether participants were in the original Pocket PATH intervention versus 

usual care groups (Table 1). We examined additional potential predictors and correlates at 

follow-up based on the World Health Organization’s model of nonadherence42 and evidence 

from adherence research in cardiothoracic transplant populations.3,5,6,31–34 Thus, at original 

RCT enrollment, we collected information on sociodemographics, psychosocial 

characteristics, and transplant-related medical factors.43–50 We also collected information on 

health- and adherence-related characteristics during the period of the original trial (first year 

posttransplant), and psychosocial and health-related characteristics beyond the end of the 

original trial through the time of follow-up.51–53

Statistical Analysis

We compared the 2 study groups on all characteristics using t tests and χ2 tests (or Fisher 

exact test when necessary). We used t tests, χ2 tests, and McNemar tests to examine whether 

the entire cohort’s nonadherence rate in each area of the regimen changed from the end of 

the RCT to the follow-up assessment and whether nonadherence in each area at the end of 

the RCT was associated with non-adherence at follow-up (ie, whether LTRs nonadherent at 

the RCT’s end were likely to be the same LTRs nonadherent at follow-up).

To identify predictors and correlates of nonadherence at follow-up, we used linear regression 

(for total number of areas of nonadherence) and logistic regression (for each individual area 

of the regimen). A separate model was fit for each outcome. Variables were entered into the 

model in 3 sequential stages to reflect their temporal ordering.54 First, baseline variables 

assessed at RCT enrollment were entered to examine their effects. Then, variables related to 

patients’ status during the first year posttransplant (the period of the RCT) were added to 

determine their contributions beyond the baseline characteristics. Finally, variables related to 

the follow-up period were added. Two variables were forced into the modeling: (a) RCT 

study arm (Pocket PATH versus usual care) because it was a study design characteristic and 

(b) whether patients were nonadherent at the end of the original RCT in the area of the 

regimen under consideration as the outcome at follow-up (eg, if the outcome was 

medication-taking, we examined past nonadherence to medication-taking). We ensured that 

regression analytic assumptions were met and that our final models maintained a participant-

to-variable ratio within the recommendations of 10:1.54

RESULTS

Participant Characteristics

Of 201 recipients in the original RCT, 19 were deceased before the end of the trial and 42 

deaths occurred before our follow-up. Of the 140 recipients alive at follow-up, 12 (9%) 

could not be contacted. Of those contacted, 20 (16%) refused and 3 (2%) were too ill to 

participate. Thus, 105 were enrolled, yielding a response rate of 75% of surviving patients 

and 82% of those who could be contacted. The 105 participants did not significantly differ 
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from the 35 surviving nonparticipants on characteristics assessed in the original RCT, or on 

subsequent rates of acute rejection or BOS (Table S1, SDC, http://links.lww.com/TP/B775).

At contact, the 105 participants were an average of 3.9 years posttransplant (SD = 0.8, 

median = 3.9, IQR = 3.3–4.4, range 2.4–5.7). Table 2 provides descriptive information, and 

shows that the Pocket PATH and usual care groups were similar on most measures. The only 

significant differences were that LTRs assigned to Pocket PATH had a shorter hospital stay 

posttransplant and were less likely to have a family caregiver at follow-up. Only 2 LTRs 

were using Pocket PATH at follow-up, and thus this characteristic could not be considered 

further.

Finally, with respect to nonadherence by the end of the original RCT, the first set of 4 

columns of Table 3 shows that, consistent with findings for the full cohort in the original 

trial,15 the Pocket PATH group had a significantly lower total number of nonadherent areas, 

on average, than the usual care group. The largest contributors to this difference were lower 

nonadherence to blood pressure monitoring and, to a lesser extent, lower nonadherence to 

spirometry in the Pocket PATH group (Table 3).

Nonadherence Rates at Long-term Follow-up and Comparison to Rates at End of RCT

The second set of 4 columns in Table 3 shows nonadherence rates for all 105 study 

participants at the follow-up, and rates separately by study group. There were no significant 

differences between Pocket PATH and usual care groups for total number of areas of 

nonadherence or any single area of the regimen.

Comparing the cohort of 105 participants at the follow-up versus the end of the RCT, Table 

3 shows that nonadherence rates were higher at follow-up in all areas. This overall difference 

was statistically significant for the total number of nonadherent areas and, specifically, for 

nonadherence to clinic appointments, spirometry, and exercise requirements (Table 3, next to 

last column). We also examined whether LTRs nonadherent in a given area at follow-up 

were the same LTRs nonadherent in that area at the end of the RCT (ie, whether later 

nonadherence was associated with earlier nonadherence). The last column of Table 3 

indicates that in 5 of the 8 areas (as well as total number of areas nonadherent), there was a 

statistically significant association.

Potential Risk Factors and Correlates of Long-term Nonadherence

To reduce type I error risk, we took steps to limit the number of tests examining variables’ 

associations with nonadherence outcomes. First, we reduced the number of outcomes by (a) 

creating a measure of medical non-adherence by grouping the primary immunosuppressant 

and other medications measures, (b) creating a measure of nonadherence to lifestyle 

requirements by grouping nonadherence to either diet or exercise requirements, and (c) 

eliminating tobacco use from consideration because it occurred too infrequently. Second, 

before multivariable analyses, we examined bivariate associations of each potential risk 

factor or correlate with the nonadherence outcomes. Although intervention group and 

nonadherence at the end of the original RCT were included in all regression models (see 

Methods), other potential risk factors or correlates that showed small associations (r ≤ 0.15) 
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with all nonadherence domains were excluded from multivariable analyses (see Table 4, 

footnote a).

Remaining factors were included in the regression analyses; results are in Table 4. For total 

number of areas for which LTRs were nonadherent, the table presents unstandardized 

regression coefficients from linear regression and 95% confidence intervals. For 

dichotomous nonadherence outcomes, the table presents odds ratios generated from the 

logistic regression coefficients and 95% confidence intervals.

Among baseline characteristics (first 3 rows of Table 4), younger age increased patients’ risk 

of nonadherence to blood pressure monitoring at follow-up. Among factors reflecting the 

status of the patients during the original RCT, the Pocket PATH group had a lower risk of 

non-adherence to lifestyle (diet/exercise) requirements. Longer total rehospitalization time 

during the first year posttransplant reduced patients’ risk of nonadherence to blood pressure 

monitoring. Patients with more rejection episodes in the first year posttransplant had a 

greater total number of nonadherent areas at follow-up and, more specifically, were more 

likely to be nonadherent to medications, spirometry, and blood pressure monitoring. Patients 

with elevated anxiety at a greater number of assessments during the first year posttransplant 

had a greater total number of nonadherent areas at follow-up and were more likely to be 

nonadherent to medications. Nonadherence at the end of the original RCT predicted 

nonadherence in only 1 area, diet/exercise requirements. Finally, clinically significant 

psychological distress at follow-up was not associated with any nonadherence outcome.

DISCUSSION

Our study is one of the first to evaluate the long-term efficacy of an mHealth intervention in 

promoting adherence to the medical regimen after organ transplantation. Although the 

Pocket PATH intervention led to less non-adherence during the first year after lung 

transplantation relative to usual care,17 our follow-up of LTRs at an average of 4 years 

posttransplant indicated that Pocket PATH’s short-term adherence benefits were generally 

not sustained. Specifically, after controlling for other nonadherence risk factors, patients 

assigned to Pocket PATH in the original RCT were less likely to show lifestyle (diet/

exercise) non-adherence at follow-up, but there was no evidence of intervention impact on 

other nonadherence outcomes.

These findings may be due in part to the fact that all but 2 LTRs discontinued Pocket PATH 

use by the time of follow-up. Although we did not systematically query LTRs about reasons 

for discontinuation or other barriers to sustained use, the discontinuations are consistent with 

steep declines in patient engagement observed with other mHealth technologies,14,55 and, 

indeed, with other types of adherence-promoting interventions.56,57 For mHealth 

technologies in particular, patients may discontinue use because they do not feel they are 

effective or because they no longer meet patients’ changing needs. For example, anecdotal 

patient remarks suggested that, at follow-up, they perceived less value in performing 

spirometry and blood pressure monitoring (the areas with the highest nonadherence rates) in 

the long-term compared with perceived value in the first year posttransplant (when these 2 

areas showed the largest impact of Pocket PATH over usual care; see Table 3).
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Even if discontinued, early use of mHealth technologies, including Pocket PATH, may 

facilitate habit development that may not require continued intervention to be sustained.12 

Although this might be suggested by our finding that the Pocket PATH group was less 

nonadherent to lifestyle requirements (diet/exercise) at follow-up, our findings are largely 

inconsistent with such an explanation, given that there were no other adherence differences 

between study groups.

In fact, the notion of “habit formation” is likely too simplistic when applied to 

multicomponent adherence behaviors because the development of new skills or habits must 

compete with the elimination of old habits, routines, and preferences. Classical learning 

theory58 and considerable adherence intervention research in chronic disease 

populations57,59 show that new skills and habits—no matter whether they are practiced for 

weeks, months, or even as long as the 1-year period in the original Pocket PATH RCT—are 

unlikely to be sustained once ongoing reinforcement for those behaviors ends. Although 

apps are thought to be self-reinforcing for patients in that they promote independence and a 

means to self-manage one’s health,60 external sources of reinforcement largely ended at the 

conclusion of the Pocket PATH RCT. Namely, although LTRs kept the smartphone with the 

Pocket PATH app and were told they could continue using it to record and view trends in 

self-management activities, the data plan supporting some app features was discontinued 

because there were no funds for those costs. For some patients, Pocket PATH may have 

thereby lost its utility. There was also no funding for continued technical support services, 

and no one (from either the research or clinical transplant team) contacted patients to inquire 

about its use. Thus, patients may have felt little incentive to use it. These types of problems 

reflect the well-recognized practical and fiscal difficulties of transitioning from activities in a 

research study to routine clinical use, and are stumbling blocks that challenge even the most 

effective adherence-promoting interventions.15,16

Regardless of why Pocket PATH’s use and impact were generally not sustained, our study 

indicates that in the cohort as a whole, nonadherence in the long-term after lung 

transplantation was relatively common. Patients, on average, were nonadherent to 3 of 8 

assessed areas of the regimen, and nonadherence in some areas approached or exceeded 50% 

of the cohort. As is typical,4,5,39,61–63 nonadherence rates worsened over time. Although 

nonadherence in some areas at follow-up remained rare (eg, tobacco use), relatively high 

rates in critical areas (eg, taking immunosuppressants, attending clinic appointments) 

suggest that interventions to sustain adherence well beyond the early years posttransplant are 

needed. In addition, the variability in nonadherence rates in the cohort across areas of the 

regimen—ranging from 4% (tobacco use) to 81% (spirometry)—underscores the need to 

identify factors that may uniquely affect risk for nonadherence in specific areas of the 

posttransplant regimen.4,7

To that end, we examined a variety of potential risk factors assessed at various points 

between transplant and our follow-up. Consistent with past research in organ recipients,
31,64–67 younger age generally increased nonadherence risk; this effect was statistically 

significant for blood pressure monitoring. Of interest, patients with more acute graft 

rejection episodes during the first year posttransplant were nonadherent to a greater total 

number of areas of the regimen and, specifically, had higher rates of nonadherence to 
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medications, spirometry, and blood pressure monitoring. While it might be presumed that 

experiencing rejection episodes would spur patients to greater adherence in these areas, 

patients may instead have felt they had limited ability to affect their health through their own 

behavior. Although our data do not bear out this latter possibility, we used only a generic 

measure of patients’ perceived control over their health that may not have captured reactions 

to transplant-specific events such as graft rejection episodes. Future work should focus on 

patients’ beliefs about their ability to prevent or modulate the impact of transplant-specific 

stressors to better understand how such stressors might affect their adherence.

Another important finding was that patients experiencing more chronic anxiety in the first 

year posttransplant were at risk for nonadherence to a greater total number of areas of the 

regimen and, specifically, medication non-adherence at the long-term follow-up. There are 

mixed data on whether psychological distress, including anxiety and depressive 

symptomatology, increases nonadherence risk in the early years after organ transplantation.
4,66,68–71 We know of no work examining such prediction into the longer-term years. It is 

possible that the anxiety-nonadherence association we observed might be connected to the 

occurrence of acute rejection episodes but (a) the anxiety and rejection variables were 

unrelated to one another (Spearman r=−0.02) and (b) in the regression analyses, each risk 

factor’s association with the outcomes was found after controlling for all other potential risk 

factors in the models. In a post hoc analysis, we added an interaction term to the regression 

models to explore whether the anxiety and rejection episode risk factors had synergistic 

effects, but we found no evidence of such impact (Table S2, SDC, http://links.lww.com/TP/

B775). Overall, the results suggest that chronic anxiety has a unique role as a risk factor. 

Interestingly, elevated anxiety symptoms at the time of the follow-up were not reliably 

associated with any nonadherence outcome. It may be that the experience of repeated and/or 

sustained bouts of elevated anxiety is what matters, and it is known that ongoing anxiety is 

particularly prevalent in individuals with chronic lung disease, including LTRs.72,73 This 

suggests that routine screening for chronic anxiety in LTRs, followed by appropriate 

interventions, may have roles in promoting continued adherence.

Finally, consistent with evidence that the best predictor of current adherence is past 

adherence,5,32 we found that nonadherence at the end of the first year posttransplant 

predicted nonadherence at follow-up for most areas of the regimen (Table 3, last column). 

However, these effects were not maintained once we controlled other potential risk factors. 

Hence, although adherence history is a relevant consideration, there may be other factors, 

including those we identified, that are more important contributors to nonadherence risk.

Our study has limitations. First, we could not examine differences in nonadherence based on 

post-RCT duration of Pocket PATH use. Such data were not prospectively collected and, at 

follow-up, we judged it unlikely that LTRs could reliably recall how long and in what ways 

they might have continued to use the app over a multi-year period. Second, because 

considerable time passed between the end of the original RCT and our follow-up, there may 

have been interim psychosocial and clinical factors other than those we examined that 

affected nonadherence risk. Third, our sample at follow-up was relatively small and comes 

from a single site, potentially limiting generalizability. Fourth, some LTRs did not 

participate in our follow-up because they could not be reached, refused, or were too ill. They 
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may have differed from follow-up participants in their long-term adherence. Finally, our 

focus at follow-up was necessarily on survivors. LTRs with shorter survival times may have 

differed in their adherence from that observed in our follow-up cohort. Indeed, we 

previously reported that LTRs in the original trial who failed to perform the behaviors 

promoted by Pocket PATH in the first year posttransplant had subsequently higher rates of 

mortality and BOS.74 Nevertheless, study of nonadherence and its risk factors is important 

even in long-term survivors because adherence to the medical regimen remains a priority for 

the duration of LTRs’ lives.

In conclusion, Pocket PATH did not have sustained impact on nonadherence to most areas of 

the regimen, although we identified other predictors of long-term non-adherence. Future 

work is needed not only to systematically develop and test other mHealth approaches in 

transplantation but also to explore strategies to facilitate interventions’ sustained effects. It is 

likely that sustained effects can be achieved only by active continuation of intervention 

activities. Thus, as noted in the adherence literature in chronic disease, there is no permanent 

“cure” for nonadherence that would allow intervention activities to end once adherence is 

achieved.57 Instead, interventions, including mHealth interventions, must become a 

permanent part of patients’ lives for as long as they are expected to follow a medical 

regimen. With respect to mHealth strategies such as apps, there is growing consensus that 

they should be coupled with other intervention components including, for example, 

additional technologies such as electronic pillboxes and activity monitors that are integrated 

with the apps to provide more detailed behavioral feedback.2,14,22,30

Moreover, strategies are needed to motivate patients to continue to use apps and any other 

technologies integrated with them. Unfortunately, there is a dearth of theory or empirical 

evidence to suggest how best to motivate patients toward sustained app use.22.30,75 Indeed, 

virtually all studies of mHealth interventions for health behavior change or for adherence in 

chronic disease focus on short-term use, with follow-up durations of well <1 year.23,28–30 

Possible strategies to facilitate long-term, sustained use include booster sessions to draw on 

patients’ own reasons for wanting to adhere to the medical regimen, and problem-solving 

around barriers to app use (including, eg, financial costs of use, privacy and health 

information security, and app complexity).30,76 In addition, patients themselves should be 

asked what they want in an app for long-term use. Although transplant recipients may view 

app use favorably in general or for short-term use,10–12 research exploring their attitudes 

about apps’ or other mHealth interventions’ long-term value, and how their self-

management needs evolve over time posttransplant, may be critical for formulating plans to 

foster continued use and sustained impact of mHealth interventions. Additionally, clinicians 

influence patient adoption of mHealth strategies, particularly when they are incorporated 

into routine clinical care,60 and clinician feedback on app use and results may be a potent 

element motivating patients.2 Thus, it will also be essential to explore how to integrate such 

technologies into transplant programs’ workflow to optimize and sustain patient self-

management.
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Refer to Web version on PubMed Central for supplementary material.
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