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Abstract: (1) Background: In the mHeart trial, we showed that an eHealth intervention, mHeart, im-
proved heart transplant (HTx) recipients’ adherence to immunosuppressive therapy compared with
the standard of care. Herein, we present the analysis assessing whether mHeart reduces complication
frequency and healthcare resource use, and whether this reduction depends on patients’ adherence.
(2) Methods: The mHeart was a single-center randomized-controlled trial (IIBSP-MHE-2014-55) in
134 adult HTx recipients (n = 71 intervention; n = 63 controls). The endpoints were mortality, compli-
cations, and resource use during follow-up (mean 1.6 ± 0.6 years). (3) Results: A significantly lower
proportion of HTx recipients in mHeart had echocardiographic alteration (2.8% vs. 13.8%; p = 0.02),
cardiovascular events (0.35% vs. 2.4%; p = 0.006), infections (17.2% vs. 56%; p = 0.03), and uncon-
trolled Hba1c (40.8% vs. 59.6%; p = 0.03) than controls. In addition, a significantly lower proportion
of patients in the intervention needed hospital (32.4% vs. 56.9%; p = 0.004) or urgent admissions
(16.9% vs. 41.4%; p = 0.002) and emergency room visits (50.7% vs. 69.0%; p = 0.03). Adherence
status (measured by the self-reported SMAQ) influenced only controls regarding hospitalizations
and emergency room visits. Differences were not significant on deaths (intervention 4.2% vs. control
9.5%; p = 0.4) (4) Conclusions: the mHeart strategy significantly reduced the occurrence of the studied
post-transplant complications and the need for medical attention in HTx recipients. Adherence status
influenced controls in their need for medical care.

Keywords: heart transplant; eHealth; complications; resource use

1. Introduction

Solid organ transplantation recipients, like many other populations with cardiovascu-
lar risk, are vulnerable patients that need long-term and complex management. These pa-
tients require lifelong immunosuppressive therapy to avoid graft rejection, which is usually
combined with other drugs to treat comorbidities, making recipients take about 10 drugs
daily [1]. This therapeutic complexity contributes to the lack of adherence to therapy [2].
Non-adherence is a severe problem for solid organ transplantation patients, especially
those who receive heart transplant (HTx). It affects about 40% of HTx recipients [3,4] and
can negatively impact the long-term clinical outcomes, namely late acute rejections [5–7]
and retransplantations, resulting in higher use of resources and medical costs [8]. These
deleterious consequences urge us to identify effective interventions in promoting immuno-
suppressant adherence among solid organ recipients.
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In recent years, several studies have indicated that electronic monitoring, pharmacist-led
interventions, and cognitive education positively affect immunosuppressant adherence [9].
In addition, mobile app-based health (mHealth) interventions have emerged as up-and-
coming tools [10–12]. The potential of mHealth technology lies in the great accessibility
to smartphones and in their ability to perform several functions simultaneously, such
as providing patients with timely reminders to take medications, education about their
disease and medication, facilitating telemedicine visits, or transferring patients’ medical
information to the healthcare team. Also, mHealth systems offer the opportunity to provide
tailored interventions according to individual needs, and deliver interventions to produce
cognitive and behavioral change in patients [13].

Based on previous experiences, and following the directions of the International Society
for Research on Internet Interventions (ISRII) [13], we developed an mHealth intervention
model, the mHeart. The mHeart model combines three theoretical strategies: (1) patient-
centered and holistic healthcare models for chronic populations; (2) innovation in clinical
practice by including a non-face-to-face care model supported by eHealth; (3) behavioral-
based multilevel individually-tailored interventions through eHealth [14]. Together, these
strategies aim to improve therapeutic management and care in complex populations such
as the HTx recipients through promoting patients’ self-care, resolving patients’ doubts,
and facilitating interdisciplinary care according to individual patients’ needs. In terms of
adherence, the mHeart is capable of measuring and identifying medication nonadherence
and enabling the implementation of behavioral change interventions to improve patient
adherence rates. Our single-center randomized-controlled trial (IIBSP-MHE-2014-55) in
134 adult HTx recipients, demonstrated that mHeart improved HTx recipients’ adherence
to immunosuppressive therapy compared with the standard of care, with an increase in
adherence rate from 46% to 85% (OR = 6.7 [2.9; 15.8]; p-value < 0.001), as measured by the
validated Simplified Medication Adherence Questionnaire (SMAQ) [15,16].

The main objective of the present post hoc exploratory analysis of the mHeart trial
results was to assess whether the addition of the mHeart strategy (intervention group
[IG]) compared with the standard of care (control group [CG]) might improve not only
adherence but also reduce post-transplant complications and resource use.

2. Materials and Methods
2.1. Trial Design and Ethical Aspects

This was a post hoc exploratory analysis of the mHeart trial (registered at Clinicaltrials.
gov, ID: MHEART: NCT02554578), an open randomized controlled trial (RCT) aimed at
comparing the application of the mHeart strategy (IG) with the standard of care (CG) [16].
This post hoc ancillary analysis was focused on assessing whether the intervention reduced
the occurrence of complications and the use of resources in adult HTx patients.

As previously detailed [16], the mHeart trial was performed in the heart transplant
outpatient setting of the Hospital de la Santa Creu i Sant Pau between July 2015 and
31 December 2018. The trial was approved by the hospital’s Institutional Review Board
(IIBSP-MHE-2014-55). Also, all patients were informed of the study’s purposes and proce-
dures, and signed informed consent before their inclusion in the study. For reporting the
trial, we adhered to the Consolidated Standards of Reporting Trials of Electronic and Mobile
Health Applications and OnLine TeleHealth (CONSORT-EHEALTH) guidelines [17].

2.2. Participants

Patients’ randomization, inclusion and exclusion criteria, and sample size calculation
are also detailed in Gomis-Pastor et al. [16]. In short, adult HTx recipients were included if
they were <1.5 years post-transplant. Conversely, they were excluded if they had a limiting
condition that would hinder interviews or the use of the software.

The sample size was based on calculations for the primary outcome of the previous
analysis, which was adherence measured with the SMAQ scale. It was thus estimated
that a minimum number of 136 patients (including dropouts or losses of at least 10%)
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was required to achieve a statistical power of 80% to detect a difference of at least 25%
in adherence between baseline and 12 months with an alpha level of 0.05. Patients were
consecutively enrolled during a baseline visit (T0) and randomly assigned to the IG or the
CG in a 1:1 ratio using a random allocation software (Clinapsis®) [18].

2.3. In-Clinic Visits and Interventions

As discussed previously [16] and detailed in Figure 1, the study comprised 3 scheduled
in-clinic visits: T0 (baseline at study inclusion), T1 (at least 6 months after inclusion), and
T2 (at least 12 months after inclusion) according to the standard of care of our hospital. All
patients (CG and IG) received counseling by the pharmacists at T0, T1, and T2 on improving
medication self-management through theory-based behavioral interventions [19]. Addition-
ally, patients on the IG were exposed to the mHeart intervention throughout the study to
optimize their therapy management. Details on the mHeart clinical use and functionalities
have been published elsewhere [15,16]. In addition, descriptions of its development, quality
assurance, and feasibility are publicly available [15].
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Figure 1. Diagram of the variables collected prospectively during the RCT (A) and retrospectively
during the post hoc analysis (B). During the RCT (A), various variables were collected prospectively
during the scheduled in-clinic visits: T0 (baseline at study inclusion), T1 (at least 6 months after
inclusion), and T2 (at least 12 months after inclusion). The variables assessed during scheduled visits
are shown as squares: baseline information, patient experience and medication adherence. For the
post hoc analysis (B) the occurrence of mortality, complications, and resource use were collected
retrospectively during the study time. Treatments are shown as pictograms, i.e., (i) in-clinic visits
at the hospital outpatient department, (ii) multidisciplinary team including the pharmacist, and
(iii) the mHeart mobile application for remote interaction with the pharmacist. The diamonds show
the scheduled interaction with the clinical pharmacist to perform interventions: gray (during the
scheduled in-clinic visits; all patients) and green (using the mHeart tool; intervention group only).

2.4. Outcomes

Figure 1 shows the scheduled in-clinic visits and the variables collected during each
visit (a) at the previous and (b) at the present analysis. All data collected during the
study were recorded electronically in the online database Clinapsis® [18]. In the previous
analysis [16], we assessed sociodemographic and baseline clinical data, adherence to
medication, and patients’ experience with the medication regimen. The primary outcomes
of this post hoc exploratory analysis were the occurrence of mortality, complications, and
resource use during the study period.
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2.4.1. Health Outcomes

The assessed health outcomes were retrospectively registered from patients’ electronic
health records (EHR) at the end of the follow-up period (T2). The outcomes collected per
patient were: mortality (yes, no); transplant complications (yes, no; types: cardiac graft
vasculopathy, defined as angiographically detectable coronary artery disease classified
according to ISHLT nomenclature (i.e., CAV 1–3) [20], revascularization, echocardiographic
alteration (considered as the presence of a left ventricular ejection fraction (LVEF) < 55%,
or the reduction > 25% of the LVEF that justifies an adjustment of anti-rejection therapy));
cardiovascular events (yes, no; types: cerebrovascular disease, angina, myocardial infarc-
tion, heart failure, arteriopathy (defined as peripheral vascular disease with or without
symptoms), syncope, atrial fibrillation, requirement for a pacemaker, revascularization,
others)); infections (yes, no; and types including any type of bacterial, virus and fungal
infections); neoplasm (yes, no; type: cutaneous, pulmonary solid organ, gastrointestinal
solid organ, prostate solid organ, lymphoma, others); dialysis (yes, no); and renal function
(glomerular filtration, [mL/min]). Also, the following analytical measures were collected
from EHR at T0 and T2: LDL cholesterol (mg/dL), hemoglobin A1c (Hba1c; mmol/mol
[%]), triglycerides (mg/dL), and high sensitivity troponin T (hs-cTnT; ng/mL) levels. Blood
pressure was recorded but not evaluated due to missing data.

2.4.2. Use of Resources

Healthcare resources used per patient refers to all the health centers in the area of
Catalonia, and not only to the reference hospital. Data were retrospectively retrieved
from the Public data analytics Programme for research and innovation in health (PADRIS)
provided by the Agency of Health Quality and Assessment of Catalonia [21]. The types of
resources collected per patient were the number of general and urgent hospital admissions,
emergency room visits, and general and unscheduled primary care visits.

2.5. Analysis
2.5.1. Descriptive Analysis

We estimated absolute and relative frequencies for qualitative variables during the
study period (presence of mortality, transplant complications, cardiovascular events, infec-
tions, dialysis, renal dysfunction [if glomerular filtration < 60mL/min], high LDL choles-
terol [if cholesterol level > 5 mmol/L], high Hba1c [if Hba1c levels > 5.8%], high triglyc-
erides [if triglycerides > 1.70 mmol/L], high troponin [if hs-cTnT level > 13 ng/mL],
occurrence of general and urgent hospital admissions, emergency room visits, and general
and unscheduled primary care visits). Patients were compared with themselves at the start
and at the end of the study period.

2.5.2. Analysis by Objectives

The main objective of this post hoc exploratory analysis was to assess whether the
addition of the mHeart strategy (IG) to the standard of care reduces the occurrence of post-
transplant complications and the healthcare resources used, namely the need for medical
attention, in the follow-up of adult HTx compared to the standard of care (CG) alone in our
hospital. To compare the occurrence of complications and healthcare resource use between
groups (IG vs. CG), we undertook a contrast analysis by using the Chi-square test and
Fisher’s test (variables with frequency < 5%). Also, to assess the influence of the adherence
status on the occurrence of complications and healthcare resource use, we first grouped the
patients into two adherence groups: adherent and non-adherent patients, measured by the
SMAQ [16], and then compared the occurrence of complications and healthcare resource
use between these groups through the Chi-square test and Fisher’s test (variables with
frequency < 5%).

The data analysis was performed using the IBM-SPSS V25.0 and R versions. For all
the statistical tests, the results were considered statistically significant when p < 0.05.
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3. Results
3.1. Patient Description

We evaluated health outcomes, and use-of-resource outcomes from the 134 adult HTx
patients (n = 71 IG; n = 63 CG) included in the previous mHeart trial report [16]. Patients’
baseline characteristics were previously described [16]. In general, the groups (IG and
CG) were well-balanced and not statistically different regarding demographic or clinical
information (age at HTx, time from HTx, heart failure etiology, comorbidities, or the im-
munosuppressive treatment). The patients at baseline (T0) presented several cardiovascular
comorbidities; the most frequent were 11 arteriopathies, 8 required pacemakers, 4 revas-
cularizations, 3 cerebrovascular diseases, 3 atrial fibrillations, and 2 syncope myocardia,
which represented a mean of 0.33 (SD 0.69) cardiovascular diseases; details are provided in
Table 1.

Table 1. Cardiovascular comorbidities at baseline in the control (CG) and intervention (IG) groups
and according to the adherence status of patients.

Num. Cardiovascular Comorbidities CG Non-Adherent CG Adherent IG Non-Adherent IG Adherent

Without comorbidities 22 22 8 45
1 8 2 2 16
2 0 2 0 0
3 1 0 0 0
4 0 1 0 0

Abbreviations: CG, Control group; IG, intervention group. Information about randomization has been provided
in a previous mHeart trial report [16].

3.2. Mortality and Complications during Follow-Up in the Overall Population

The overall population (n = 134) was monitored during a study period of 1.6 years
(SD: 0.6). A total of 6.7% (n = 9) patients died during this period. Regarding transplant
complications, the most common was cardiac graft vasculopathy, as 54.3% of patients had
any degree of CAV according to the ISHLT nomenclature (n = 70/N = 129), including 77.1%
CAV 1 (n = 54/N = 70), 7.1% CAV 2 (n = 5/N = 70), and 15.7% CAV 3 (n = 11/N = 70). Of
the total number of patients with CAV, 24.3% required stenting (n = 17/N = 70).

A total of 14 cardiovascular events (including 3 cerebrovascular diseases, 2 angina/
myocardial infarctions, 2 arteriopathies, 1 atrial fibrillation, 1 pacemaker required, and
3 revascularizations), 22 infections (including 11 respiratory infection, 5 sepsis, 3 cy-
tomegalovirus, 2 influenza, 2 herpes, and 6 others of one single event) and 27 neoplasms
(including 14 skin, 5 solid organ, 3 lymphoma, and 5 others of one single event) were
recorded during the study. The mean time since the diagnosis of neoplasm from the cardiac
transplantation was 9.8 years (SD: 4.0) for skin neoplasm, 11.0 years (SD: 6.0) for solid
organ neoplasm, and 16.9 years (SD: 3.2) for lymphoma.

The proportion of patients with renal dysfunction amounted to 48.1% (n = 62/N = 129),
and 4.7% (n = 6/N = 129) required dialysis. At the end of the follow-up, almost half of HTx
recipients (49.2%; n = 63/N = 128) had high Hba1c levels, whereas 59.7% (n = 74/N = 124)
had high hs-cTnT values, and 33.3% (n = 43/N = 129) had triglyceride values exceeding
the established threshold.

3.3. Differences in Health Outcomes between Patients on Intervention and the Control Group

The comparison between the IG and the CG in terms of health outcomes is shown in
Table 2.

A significantly lower proportion of HTx recipients in mHeart suffered a cardiovascular
event (0.35% vs. 2.4; p = 0.006) (Table S1) or an infection (17.2% vs. 56.0%; p = 0.03) (Table S2)
than in the CG during the follow-up. Likewise, at the end of the study, a significantly
higher percentage of patients in the CG had higher Hba1c levels (59.6% vs. 40.8%; p = 0.03)
and higher hs-cTnT levels (51.5% vs. 69.0%; p = 0.01) than in the IG (Table S3).
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Regarding Hba1c levels, a significantly smaller difference was observed in the CG
compared to the IG (p = 0.009) when analyzing the differences obtained between the
beginning and the end of the study.

The other study variables, namely, mortality, transplant complications such as cardiac
graft vasculopathy and revascularization, dialysis requirement, renal dysfunction, and the
analytical endpoints LDL cholesterol and triglycerides, did not show statistical differences
between the study groups (p > 0.05).

Table 2. Comparison in the occurrence of mortality, complications, and abnormal laboratory parame-
ters between the control (CG) and intervention (IG) groups.

Variables, n/N (%) IG CG All Patients p Valor

Deceased patients 3/71 (4.2) 6/63 (9.5) 9/134 (6.7) 0.4
Transplant complication
Cardiac graft vasculopathy 39/71 (54.9) 31/58 (53.4) 70/129 (54.3) 1
Revascularization 7/71 (9.9) 8/58 (13.8) 15/129 (11.6) 0.3
Echocardiographic alteration (LVEF) 2/71 (2.8) 8/58 (13.8) 10/129 (7.8) 0.02
Cardiovascular events * 2/568 ± (0.35) 12/504 ± (2.4) 14/1072 (1.3) 0.006
Infections ** 5/29 (17.2) 17/30 (56.0) 22/59 (37.3) 0.03
Dialysis 3/71 (4.2) 3/58 (5.2) 6/129 (4.7) 1
Renal dysfunction (GF < 60 mL/min) 32/71 (45.1) 30/58 (51.7) 62/129 (48.1) 0.3
Analytical endpoints
High LDL cholesterol 3/71 (4.2) 0/58 (0) 3/129 (2.3) 0.2
High Hba1c 29/71 (40.8) 34/57 (59.6) 63/128 (49.2) 0.03
High triglycerides 22/71 (40.8) 21/58 (36.2) 43/129 (33.3) 0.3
High hs-cTnT 34/66 (51.5) 40/58 (69.0) 74/124 (59.7) 0.01

* Cardiovascular events (cerebrovascular disease, angina, myocardial infarction, heart failure, arteriopathy,
syncope, atrial fibrillation, pacemaker required, revascularization, others); ** Infections (sepsis, pneumonia,
others), ± % of total cardiovascular events have been referenced to the total number of possible comorbidities (IG:
71 × 8 = 568 and CG: 63 × 8 = 504); Abbreviations: CG, control group; IG, intervention group.

3.4. Healthcare Resource Use during Follow-Up in the Overall Population

More than 40% (43.4%; n = 56/N = 129) of patients in the general population had
undergone hospital admissions and 27.9% required urgent admissions (n = 36/N = 129).
Similarly, a large proportion of patients sought emergency care (58.9%; n = 76/N = 129), and
this percentage was higher in the case of total (90.7%; n = 117/N = 129) and unscheduled
(87.6%; n = 113/N = 129) primary care visits.

3.5. Differences in Healthcare Resource Use between Patients in the Intervention and
Control Groups

The comparison between the IG and the CG regarding healthcare resource utilization
is shown in Table 3.

Alongside the occurrence of the post-transplant complications, a significantly higher
percentage of patients in the CG required hospital (56.9% vs. 32.4%; p = 0.004), urgent
admissions (41.4% vs. 16.9%; p = 0.002), and visits to the emergency room (69.0% vs. 50.7%;
p = 0.03). Also, although the proportion of patients who sought primary care visits was
higher in the CG, the differences were not statistically significant.

Table 3. Comparison in the use of healthcare resources between the control (CG) and intervention
(IG) groups.

Variables, n/N (%) IG CG All Patients p Valor

Hospital admissions 23/71 (32.4) 33/58 (56.9) 56/129 (43.4) 0.004
Urgent hospital admissions 12/71 (16.9) 24/58 (41.4) 36/129 (27.9) 0.002
Emergency room visits 36/71 (50.7) 40/58 (69.0) 76/129 (58.9) 0.03
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Table 3. Cont.

Variables, n/N (%) IG CG All Patients p Valor

Primary care visits
Total primary care visits 62/71 (87.3) 55/58 (98.4) 117/129 (90.7) 0.1
Unscheduled primary care visits 59/71 (83.1) 54/58 (93.1) 113/129 (87.6) 0.07

Abbreviations: CG, control group; IG, intervention group.

3.6. Differences in Complications and Healthcare Resource Use between Adherent and
Non-Adherent Immunosuppressive Treatment

As measured by the SMAQ, 68.2% of the entire population were adherent to the
immunosuppressive treatment [16]. The comparison between adherent and non-adherent
patients in terms of health outcomes and use of resources is described in Table 4. Accord-
ingly, we observed that a significantly higher proportion of non-adherent patients had
cardiovascular events (2.4 vs. 0.85; p = 0.04) and infections (31.7% vs. 10.2%; p = 0.003)
during the follow-up than adherent patients. Likewise, a significantly higher percentage of
non-adherent patients required hospital (63.4% vs. 34.1%; p = 0.002), urgent admissions
(43.9% vs. 20.5%; p = 0.005) and visits to the emergency room (78.0% vs. 50.0%; p = 0.02).

When we assessed the influence of the adherence status on the use of resources ac-
cording to the study groups (IG or CG), we observed that, among patients in the CG, the
adherence status was a factor that significantly decreased both the number of hospitaliza-
tions and emergency room visits. However, the impact of the adherence status on the use
of resources was not observed in the IG (Figure 2).
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Figure 2. Frequency of admissions and emergency room visits in the control (CG) and intervention
(IG) groups and according to the adherence status of patients.

Table 4. Comparison in the occurrence of mortality, complications and abnormal laboratory parame-
ters and use of resources between the adherent and non-adherent patients.

Variables, n/N (%) Adherent Non-Adherent All Patients p Valor

Health outcomes
Deceased patients 4/88 (4.5) 1/41 (2.4) 5/129 (3.9) 0.7
Transplant complication
Cardiac graft vasculopathy 52/88 (59.1) 18/41 (43.9) 70/129 (54.3) 0.08
Revascularization 10/88 (11.4) 5/41 (12.2) 15/129 (11.6) 1
Echocardiographic alteration (LVEF) 7/88 (8.0) 3/41 (7.3) 10/129 (7.8) 1
Cardiovascular events * 6/704 ± (0.85) 8/328 ± (2.4) 14/1073 (1.3) 0.04
Infections ** 9/88 (10.2) 13/41 (31.7) 22/129 (17.0) 0.003

* Cardiovascular events (cerebrovascular disease, angina, myocardial infarction, heart failure, arteriopathy,
syncope, atrial fibrillation, pacemaker required, revascularization, others); ** Infections (sepsis, pneumonia,
others), ± % of total cardiovascular events have been referenced to the total number of possible comorbidities (IG:
71 × 8 = 568 and CG: 63 × 8 = 504); Abbreviations: CG, control group; IG, intervention group.
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4. Discussion

Following the positive results from the mHeart trial analysis in improving HTx
adherence [16], we set up this post hoc exploratory analysis to assess the hypothesis that
the multifaceted theory-based intervention, mHeart, might also reduce post-transplant
complications and resource use in addition to improving patients’ adherence. Accordingly,
we demonstrated that patients on the mHeart intervention had significantly less occurrence
of some cardiovascular events and infections, although we did not observe a difference
in mortality. Also, patients on the mHeart showed a lower prevalence of prediabetes and
diabetes (high Hba1c levels > 5.8%), a common complication after Htx [22,23]. Lower
hs-cTnT levels were observed compared with patients on the standard of care; however
this data must be interpreted with caution, since troponins, although they suggest a less
likely perioperative cardiac injury [24], are not validated as biomarkers in the monitoring
of patients. Moreover, other confounding factors related to different clinical scenarios such
as renal disease, age, CAV, and atrial fibrillation, among others, may be involved in the rise
of troponin levels [25]. Regarding the resource use, we demonstrated that patients on the
mHeart intervention had significantly fewer hospital admissions (both regular and urgent)
and emergency rooms visits; after all, it did provide an online communication channel,
allowing certain questions to be resolved without an additional presential consult. So far,
most of the published studies that have focused on mHealth interventions—including our
previous publication [16]—had been limited to showing that these tools promote patients’
commitment to their care and self-reported nonadherence [26–28]. However, until now,
only a few studies, to our knowledge, have shown the impact of these interventions on
mortality or clinical complications such as abnormal laboratory parameters, infections, or
use of healthcare resources. In line with our results, an RCT on an mHealth intervention
to promote self-management in lung transplantation recipients (N = 201) found increased
adherence and less frequent abnormal health indicators in the intervention group, whereas
our study groups did not differ in mortality rate [26].

As for the reasons for the differences observed between the groups in our RCT, we
hypothesize that an improvement in adherence could drive the reduction of complications,
as we observed that non-adherent patients had a higher total number of cardiovascular
events and infections. However, other consequences derived from the use of our internet-
based multilevel intervention might have influenced these improvements [14]. In particular,
mHeart was designed to provide intensive, individually tailored follow-up: patients were
contacted at the beginning of the intervention to encourage them in the use of the tech-
nology and empower them in their treatment and illness; then, they received periodical
personalized feedback through the study to maintain their medical adherence and engage-
ment with their care. These positive reinforcements might be responsible for improving
patients’ self-management and ultimately preventing the development of complications.
Another possible explanation could be that in the mHearth intervention, warning signals
of complications were detected earlier and treated in time to prevent the onset of more
severe complications. This early detection ability is possible because our intervention
enables health professionals to access patients’ information in a timely manner, provides
better communication with patients, and provides better coordination between different
healthcare providers.

Another rather novel result in our study was that the patients on the mHeart interven-
tion incurred a lower use of resources such as hospital admissions or visits to the emergency
room. These results are in line with those reported in the observational pilot study in lung
transplant recipients (N = 56), where it was found that a remote patient-monitoring plat-
form reduced the incidence of hospital readmission (incidence rate ratio [IRR]: 0.38; 95% CI:
0.23–0.63; p < 0.001) and days readmitted (IRR: 0.14; 95% CI: 0.05–0.37; p < 0.001) [28]. Also,
in the observational study assessing telemedicine to follow up the management after liver
transplantation (N = 110) [29], the readmission rate within 30 days after discharge was
markedly lower in the telemedicine group (p = 0.02) [29].
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In our case, we hypothesize that this reduced use of resources may correlate with an
improvement in recipients’ adherence to overall treatment, along with the availability of a
direct communication channel with the medical team, who could answer quickly to the
patients’ needs and provide early treatment. These factors combined may have resulted in
fewer post-transplant complications, such as infections, which are proven to be the primary
cause of hospitalization, even ahead of transplant rejection, for solid organ transplantation
recipients [30]. Also, this reduction could be related to the improvement in adherence, as we
also noted that a higher percentage of non-adherent patients required hospital admissions
and visits to the emergency room. However, in further analysis, we found that adherence
status significantly affected the use of resources in those patients in the standard care arm
and not those in the arm of the intervention. This distinction could be since the proportion
of non-adherent patients was very low in the group of patients in the intervention group,
compared with those in the standard of care. Thus, it might not be possible to detect the
influence of the adherence status in the intervention group.

This post hoc exploratory analysis is not without limitations. The first is related to
the generalizability of the findings, as all patients were recruited from an outpatient center
from a single hospital. Hence, we are aware that extrapolating the present findings to other
settings should be done with caution, as the standard of care and the characteristics of the
population may vary from site to site. The second limitation involves the study design,
since it was impossible to conduct a blinded study due to the nature of the intervention.
Finally, we are aware that the sample size was estimated based on the main outcome of the
previous analysis (statistical power of 80% to detect a difference of at least 25% in adherence
but not to detect the difference in event frequency between the two groups). Despite these
limitations, we believe our findings are meaningful in our context and might provide a
better understanding of the benefits that can be derived from using mHealth approaches
for solid organ transplantation recipients.

5. Conclusions

In conclusion, this post hoc exploratory analysis is in line with previous findings
that demonstrated that the addition of the mHeart strategy to the standard of care of
HTx recipients is associated with a significant increase in medication adherence and an
improvement in patients’ experience compared with standard care. Here, we demonstrate
that this strategy might additionally help to decrease the occurrence of post-transplant
complications such as cardiovascular events, infections, or poor analytical endpoints such
as glycemic level, among others, and therefore reduce healthcare resource use, especially in
terms of the need for medical attention.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcdd10020077/s1, Table S1: Supplementary Material. Cardiovascular
events described during the study in the control (CG) and intervention (IG) groups; Table S2: Sup-
plementary Material. Infections recorded during the study in the control (CG) and intervention (IG)
groups; Table S3: Supplementary Material. Analytical parameters collected during the study in the
control (CG) and intervention (IG) groups.

Author Contributions: All the authors made substantial contributions to specific areas, revised the
work for important intellectual content, and agreed to be accountable for all aspects of the work,
ensuring that questions related to the accuracy or integrity of any part of the work were appropriately
investigated and resolved. Conceptualization, M.G.-P., S.M.P. and M.A.M.B.; Data curation, M.G.-P.;
Formal analysis, M.G.-P.; Funding acquisition, M.G.-P. and M.A.M.B.; Investigation, M.G.-P., S.M.P.,
V.B.L., L.L.L. and M.A.M.B.; Methodology, M.G.-P., S.M.P., V.B.L. and M.A.M.B.; Project adminis-
tration, M.G.-P. and M.A.M.B.; Resources, M.G.-P. and M.A.M.B.; Software, M.G.-P., S.M.P., V.B.L.,
L.L.L. and M.A.M.B.; Supervision, M.G.-P. and M.A.M.B.; Validation, M.G.-P.; Visualization, M.G.-P.;
Writing—original draft, M.G.-P. and S.M.P.; Writing—review & editing, M.G.-P., S.M.P., A.D.D.L.,
V.B.L., L.L.L., R.P.C. and M.A.M.B. All authors have read and agreed to the published version of
the manuscript.

https://www.mdpi.com/article/10.3390/jcdd10020077/s1
https://www.mdpi.com/article/10.3390/jcdd10020077/s1


J. Cardiovasc. Dev. Dis. 2023, 10, 77 10 of 11

Funding: The General Pharmaceutical Council of Barcelona [a scientific research grant to fund the
pilot study of the mHeart platform]; Astellas Pharma SL [a contribution with the Hospital to fund
the technical development of the mHeart platform and the previous pilot study]; Amgen SL [a
contribution with the Hospital to fund the current maintenance of the mHeart platform]; and the
Pharmacy Department of the Hospital de la Santa Creu i Sant Pau contributed to fund this clinical
trial and the previous technical development of the mHeart platform.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of the Hospital de la
Santa Creu I Sant Pau (IIBSP-MHE-2014-55) and was registered in Clinicaltrials.gov (ID MHEART:
NCT02554578).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data supporting reported results can be found at the database Clinapsis
(www.clinapsis.com). An additional dataset was generated during the study in the online Mendeley
dataset providing relevant information about the technology for the greater use of the scientific
community: Gomis-Pastor M, Mangues MA, Pellicer V. mHeart—mHealthCare Platform Adapted
to the Heart Transplant Population—Technical Specifications and Software Source Code. Mendeley
Data. doi:10.17632/yf2dgcfmmh.2.

Conflicts of Interest: The mHeart® platform technology was developed by a private Spanish firm
specializing in healthcare system applications (Trilema Salud S.L.). Most of the authors have collabo-
rated as consultants. The developers had no role in the design, data collection and analysis, decision
to publish, or final preparation of the studies or published manuscripts. The Hospital Research
Institute owns the legal property of the mHeart national trademark and the intellectual property of
the mHeart content. The authors declare no other conflict of interest.

References
1. Gomis-Pastor, M.; Mingell, E.R.; Perez, S.M.; Loidi, V.B.; Lopez, L.L.; Bassons, A.D.; Pousa, A.A.; Ribera, A.F.; Ferrero-Gregori, A.;

Perich, L.G.; et al. Multimorbidity and medication complexity: New challenges in heart transplantation. Clin. Transplant. 2019,
33, e13682. [CrossRef]

2. Pantuzza, L.L.; Ceccato, M.D.G.B.; Silveira, M.R.; Junqueira, L.M.R.; Reis, A.M.M. Association between medication regimen
complexity and pharmacotherapy adherence: A systematic review. Eur. J. Clin. Pharmacol. 2017, 73, 1475–1489. [CrossRef]

3. Poltronieri, N.V.G.; Moreira, R.S.L.; Schirmer, J.; Roza, B.A. Medication non-adherence in heart transplant patients. Rev. Esc.
Enferm. USP 2020, 54, e03644. [CrossRef] [PubMed]

4. Zhang, M.; Zhou, H.; Nelson, R.S.; Han, Y.; Wang, Y.; Xiang, H.; Cai, J.; Zhang, J.; Yuan, Y. Prevalence and Risk Factors
of Immunosuppressant Nonadherence in Heart Transplant Recipients: A Single-Center Cross-Sectional Study. Patient Prefer.
Adherence 2019, 13, 2185–2193. [CrossRef] [PubMed]

5. De Geest, S.; Abraham, I.; Moons, P.; Vandeputte, M.; Van Cleemput, J.; Evers, G.; Daenen, W.; Vanhaecke, J. Late acute rejection
and subclinical noncompliance with cyclosporine therapy in heart transplant recipients. J. Heart Lung Transplant. 1998, 17,
854–863.

6. Dobbels, F.; De Geest, S.; van Cleemput, J.; Droogne, W.; Vanhaecke, J. Effect of late medication non-compliance on outcome after
heart transplantation: A 5-year follow-up. J. Heart Lung Transplant. 2004, 23, 1245–1251. [CrossRef] [PubMed]

7. De Geest, S.; Moons, P.; Dobbels, F.; Martin, S.; Vanhaecke, J. Profiles of patients who experienced a late acute rejection due to
nonadherence with immunosuppressive therapy. J. Cardiovasc. Nurs. 2001, 16, 1–14. [CrossRef]

8. Pinsky, B.W.; Takemoto, S.K.; Lentine, K.L.; Burroughs, T.E.; Schnitzler, M.A.; Salvalaggio, P.R. Transplant Outcomes and
Economic Costs Associated with Patient Noncompliance to Immunosuppression. Am. J. Transpl. 2009, 9, 2597–2606. [CrossRef]

9. Shi, Y.-X.; Liu, C.-X.; Liu, F.; Zhang, H.-M.; Yu, M.-M.; Jin, Y.-H.; Shang, S.-M.; Fu, Y.-X. Efficacy of Adherence-Enhancing
Interventions for Immunosuppressive Therapy in Solid Organ Transplant Recipients: A Systematic Review and Meta-Analysis
Based on Randomized Controlled Trials. Front. Pharmacol. 2020, 11, 578887. [CrossRef]

10. Han, A.; Min, S.-I.; Ahn, S.; Min, S.-K.; Hong, H.-J.; Han, N.; Kim, Y.S.; Ahn, C.; Ha, J. Mobile medication manager application to
improve adherence with immunosuppressive therapy in renal transplant recipients: A randomized controlled trial. PLoS ONE
2019, 14, e0224595. [CrossRef]

11. Levine, D.; Torabi, J.; Choinski, K.; Rocca, J.P.; Graham, J.A. Transplant surgery enters a new era: Increasing immunosuppressive
medication adherence through mobile apps and smart watches. Am. J. Surg. 2019, 218, 18–20. [CrossRef] [PubMed]

12. Geramita, E.M.; Dabbs, A.J.D.; DiMartini, A.F.; Pilewski, J.M.; Switzer, G.E.; Posluszny, D.M.; Myaskovsky, L.; Dew, M.A. Impact
of a Mobile Health Intervention on Long-term Nonadherence After Lung Transplantation: Follow-up After a Randomized
Controlled Trial. Transplantation 2020, 104, 640–651. [CrossRef] [PubMed]

Clinicaltrials.gov
www.clinapsis.com
http://doi.org/10.1111/ctr.13682
http://doi.org/10.1007/s00228-017-2315-2
http://doi.org/10.1590/s1980-220x2019009203644
http://www.ncbi.nlm.nih.gov/pubmed/33295526
http://doi.org/10.2147/PPA.S223837
http://www.ncbi.nlm.nih.gov/pubmed/31908425
http://doi.org/10.1016/j.healun.2003.09.016
http://www.ncbi.nlm.nih.gov/pubmed/15539122
http://doi.org/10.1097/00005082-200110000-00002
http://doi.org/10.1111/j.1600-6143.2009.02798.x
http://doi.org/10.3389/fphar.2020.578887
http://doi.org/10.1371/journal.pone.0224595
http://doi.org/10.1016/j.amjsurg.2019.02.018
http://www.ncbi.nlm.nih.gov/pubmed/30799019
http://doi.org/10.1097/TP.0000000000002872
http://www.ncbi.nlm.nih.gov/pubmed/31335759


J. Cardiovasc. Dev. Dis. 2023, 10, 77 11 of 11

13. Ritterband, L.M.; Andersson, G.; Christensen, H.M.; Carlbring, P.; Cuijpers, P.; Potts, H.; Van Der Slikke, J.H. Directions for the
International Society for Research on Internet Interventions (ISRII). J. Med. Internet Res. 2006, 8, e23. [CrossRef] [PubMed]

14. Gomis-Pastor, M.; Mirabet, S.; Roig, E.; Lopez, L.; Brossa, V.; Galvez-Tugas, E.; Rodriguez-Murphy, E.; Feliu, A.; Ontiveros,
G.; Garcia-Cuyàs, F.; et al. Interdisciplinary Mobile Health Model to Improve Clinical Care After Heart Transplantation:
Implementation Strategy Study. JMIR Cardio 2020, 4, e19065. [CrossRef]

15. Gomis-Pastor, M.; Roig, E.; Mirabet, S.; De Pourcq, J.T.; Conejo, I.; Feliu, A.; Brossa, V.; Lopez, L.; Ferrero-Gregori, A.;
Barata, A.; et al. A Mobile App (mHeart) to Detect Medication Nonadherence in the Heart Transplant Population: Validation
Study. JMIR mHealth uHealth 2020, 8, e15957. [CrossRef]

16. Gomis-Pastor, M.; Perez, S.M.; Minguell, E.R.; Loidi, V.B.; Lopez, L.L.; Abarca, S.R.; Tugas, E.G.; Mas-Malagarriga, N.; Bafalluy,
M.M. Mobile Health to Improve Adherence and Patient Experience in Heart Transplantation Recipients: The mHeart Trial.
Healthcare 2021, 9, 463. [CrossRef]

17. Eysenbach, G. CONSORT-EHEALTH: Improving and standardizing evaluation reports of Web-based and mobile health in-
terventions. J. Med. Internet Res. 2011, 13, e126. [CrossRef]

18. Clinapsis: Clinical Epidemiology and Healthcare Services. Available online: http://www.clinapsis.com/index.php/auth/login/
?l=en (accessed on 5 July 2022).

19. Conn, V.S.; Enriquez, M.; Ruppar, T.M.; Chan, K.C. Meta-analyses of Theory Use in Medication Adherence Intervention Research.
Am. J. Health Behav. 2016, 40, 155–171. [CrossRef]

20. Mehra, M.R.; Crespo-Leiro, M.G.; Dipchand, A.; Ensminger, S.M.; Hiemann, N.E.; Kobashigawa, J.A.; Madsen, J.; Parameshwar,
J.; Starling, R.C.; Uber, P.A. International Society for Heart and Lung Transplantation working formulation of a standardized
nomenclature for cardiac allograft vasculopathy—2010. J. Heart Lung Transplant. 2010, 29, 717–727. [CrossRef]

21. Public Data Analysis for Health Research and Innovation Program (PADRIS). Available online: https://aquas.gencat.cat/en/
ambits/analitica-dades/padris/ (accessed on 5 July 2022).

22. Lund, L.H.; Edwards, L.B.; Dipchand, A.I.; Goldfarb, S.; Kucheryavaya, A.Y.; Levvey, B.J.; Meiser, B.; Rossano, J.W.; Yusen, R.D.;
Stehlik, J. The Registry of the International Society for Heart and Lung Transplantation: Thirty-third Adult Heart Transplantation
Report—2016; Focus Theme: Primary Diagnostic Indications for Transplant. J. Heart Lung Transplant. 2016, 35, 1158–1169.
[CrossRef]

23. Feng, K.Y.; Henricksen, E.J.; Wayda, B.; Moayedi, Y.; Lee, R.; Han, J.; Multani, A.; Yang, W.; Purewal, S.; Puing, A.G.; et al. Impact
of diabetes mellitus on clinical outcomes after heart transplantation. Clin. Transplant. 2021, 35, e14460. [CrossRef] [PubMed]

24. McGillicuddy, J.W.; Gregoski, M.J.; Weiland, A.K.; Rock, R.A.; Brunner-Jackson, B.M.; Patel, S.K.; Thomas, B.S.; Taber, D.J.; Chavin,
K.D.; Baliga, P.K.; et al. Mobile Health Medication Adherence and Blood Pressure Control in Renal Transplant Recipients: A
Proof-of-Concept Randomized Controlled Trial. JMIR Res. Protoc. 2013, 2, e32. [CrossRef] [PubMed]

25. Wu, C.; Singh, A.; Collins, B.; Fatima, A.; Qamar, A.; Gupta, A.; Hainer, J.; Klein, J.; Jarolim, P.; Di Carli, M.; et al. Causes of
Troponin Elevation and Associated Mortality in Young Patients. Am. J. Med. 2017, 131, 284–292.e1. [CrossRef] [PubMed]

26. Dabbs, A.D.; Song, M.K.; Myers, B.A.; Li, R.; Hawkins, R.P.; Pilewski, J.M.; Bermudez, C.A.; Aubrecht, J.; Begey, A.; Connolly, M.
A Randomized Controlled Trial of a Mobile Health Intervention to Promote Self-Management After Lung Transplantation. Am. J.
Transplant. 2016, 16, 2172–2180. [CrossRef] [PubMed]

27. Reese, P.P.; Bloom, R.D.; Trofe-Clark, J.; Mussell, A.; Leidy, D.; Levsky, S.; Zhu, J.; Yang, L.; Wang, W.; Troxel, A.; et al. Automated
Reminders and Physician Notification to Promote Immunosuppression Adherence Among Kidney Transplant Recipients: A
Randomized Trial. Am. J. Kidney Dis. 2017, 69, 400–409. [CrossRef] [PubMed]

28. Schenkel, F.A.; Barr, M.L.; McCloskey, C.C.; Possemato, T.; O’Conner, J.; Sadeghi, R.; Bembi, M.; Duong, M.; Patel, J.; Hackmann,
A.E.; et al. Use of a Bluetooth tablet-based technology to improve outcomes in lung transplantation: A pilot study. Am. J.
Transplant. 2020, 20, 3649–3657. [CrossRef]

29. Tian, M.; Wang, B.; Xue, Z.; Dong, D.; Liu, X.; Wu, R.; Yu, L.; Xiang, J.; Zhang, X.; Zhang, X.; et al. Telemedicine for Follow-up
Management of Patients After Liver Transplantation: Cohort Study. JMIR Med. Inform. 2021, 9, e27175. [CrossRef]

30. Dharnidharka, V.R.; Stablein, D.M.; Harmon, W.E. Post-transplant infections now exceed acute rejection as cause for hospitaliza-
tion: A report of the NAPRTCS. Am. J. Transplant. 2004, 4, 384–389. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.2196/jmir.8.3.e23
http://www.ncbi.nlm.nih.gov/pubmed/17032639
http://doi.org/10.2196/19065
http://doi.org/10.2196/15957
http://doi.org/10.3390/healthcare9040463
http://doi.org/10.2196/jmir.1923
http://www.clinapsis.com/index.php/auth/login/?l=en
http://www.clinapsis.com/index.php/auth/login/?l=en
http://doi.org/10.5993/AJHB.40.2.1
http://doi.org/10.1016/j.healun.2010.05.017
https://aquas.gencat.cat/en/ambits/analitica-dades/padris/
https://aquas.gencat.cat/en/ambits/analitica-dades/padris/
http://doi.org/10.1016/j.healun.2016.08.017
http://doi.org/10.1111/ctr.14460
http://www.ncbi.nlm.nih.gov/pubmed/34390599
http://doi.org/10.2196/resprot.2633
http://www.ncbi.nlm.nih.gov/pubmed/24004517
http://doi.org/10.1016/j.amjmed.2017.10.026
http://www.ncbi.nlm.nih.gov/pubmed/29106977
http://doi.org/10.1111/ajt.13701
http://www.ncbi.nlm.nih.gov/pubmed/26729617
http://doi.org/10.1053/j.ajkd.2016.10.017
http://www.ncbi.nlm.nih.gov/pubmed/27940063
http://doi.org/10.1111/ajt.16154
http://doi.org/10.2196/27175
http://doi.org/10.1111/j.1600-6143.2004.00350.x

	Introduction 
	Materials and Methods 
	Trial Design and Ethical Aspects 
	Participants 
	In-Clinic Visits and Interventions 
	Outcomes 
	Health Outcomes 
	Use of Resources 

	Analysis 
	Descriptive Analysis 
	Analysis by Objectives 


	Results 
	Patient Description 
	Mortality and Complications during Follow-Up in the Overall Population 
	Differences in Health Outcomes between Patients on Intervention and the Control Group 
	Healthcare Resource Use during Follow-Up in the Overall Population 
	Differences in Healthcare Resource Use between Patients in the Intervention and Control Groups 
	Differences in Complications and Healthcare Resource Use between Adherent and Non-Adherent Immunosuppressive Treatment 

	Discussion 
	Conclusions 
	References

