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1. Background
Cardiovascular diseases are the most fre-
quent cause of death in industrialized 
countries. In Austria, about sixteen percent 
of patients with cardiovascular disease die 
from acute myocardial infarction [1]. To 
prevent myocardial (re-)infarction, lifestyle 

modifications, life-long medical therapy, 
and regular follow-up are necessary. 

Medical therapy is often needed for sev-
eral years, or even life-long, to reduce the 
risk of recurrent cardiovascular events [2]. 
Non-adherence with prescribed medi-
cation significantly increases the risk of 
major cardiovascular events [3, 4]. How-

ever, up to half of patients with coronary 
heart disease (CHD) do not comply with 
prescribed medication regimens [5 –7]. 
Even among patients suffering an acute 
myocardial infarction, 34% do not com-
pletely adhere to prescribed medication 
[8]. Non-adherence is not only associated 
with a higher risk of cardiovascular hospi-
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Summary
Objectives: Cardiovascular diseases are the 
most frequent cause of death in industrial-
ized countries. Non-adherence with pre-
scribed medication and recommended life-
style changes significantly increases the risk 
of major cardiovascular events. The telemoni-
toring programme MyCor (Myokardinfarkt 
und Koronarstent Programm in Tirol) is a 
multi-modal intervention programme to im-
prove lifestyle and medication management 
of patients with coronary heart disease 
(CHD). It includes patient education, self-

monitoring with goal-setting and feedback, 
and regular clinical visits. We evaluated the 
MyCor telemonitoring programme regarding 
technical feasibility, user acceptance, patient 
adherence, change in health status, and 
change in quality of life. 
Methods: A 4½-month study was conducted 
with two telemonitoring phases and one inter-
im phase. The study comprised patient surveys, 
standardized assessment of quality of life 
using the MacNew questionnaire at study 
entry and after 4 and 18 weeks, analysis of ad-
herence to medication and physical activity 
during the two telemonitoring phases, and 
analysis of reached goals regarding health 
conditions during the telemonitoring phases. 
Results: Twenty-five patients (mean age: 63 
years) participated in the study. Patients 
showed a high acceptance of the MyCor tele-

monitoring programme. Patients reported 
feelings of self-control, motivation for life-
style changes, and improved quality of life. 
Adherence to daily measurements was high 
with 86% and 77% in the two telemonitor-
ing phases. Adherence to medication was 
also high with up to 87% and 80%. Pre-de-
fined goals for physical activity were reached 
in up to 86% and 73% of days, respectively. 
Quality of life improved from 5.5 at study 
entry to 6.3 at the end (p < 0.01; MacNew 
questionnaire). Reductions in blood pressure 
and heart rate or an improvement in reach-
ing defined goals could not be observed. 
Conclusions: The MyCor telemonitoring pro-
gramme Tirol for CHD patients has a high 
rate of acceptance among included patients. 
Critical evaluation revealed subjective bene-
fits regarding quality of life and health status 
as well as high adherence rates to medi-
cation and lifestyle changes. Achieving long-
term adherence and verifying clinical out-
comes, however, remains an open issue. Our 
findings will promote further studies, ad-
dressing different strategies for an optimal 
mix of patient education, telemonitoring, 
feedback, and clinical follow-ups.
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talization but also with higher healthcare 
costs [7, 9]. Conversely, higher adherence is 
associated with better clinical outcome, 
fewer cardiovascular events [7], and net 
economic return [9]. Interventions to im-
prove medication adherence comprise, 
among other things, specially packed pill 
boxes, patient education, (telemedical) 
monitoring with (automatic or phone-
based) feedback, regular follow-ups, and 
the use of motivational strategies [7]. 
Multimodal interventions that combine 
several of these interventions have been 
found to be more successful regarding ad-
herence and clinical outcome than single 
interventions [7]. 

Besides medication, lifestyle modifica-
tions are equally important to reduce the 
risk of recurrent events in CHD patients. 
Lifestyle changes comprise the reduction of 
stress and weight, a healthy diet, and in-
creased physical activity as part of the daily 
routine. Comparable to medication adher-
ence, motivation for lifestyle changes in 
CHD patients is often low [10]. Lifestyle 
management is – like medication manage-
ment – part of the patient self-management 
and has an impact on clinical outcome 
[10]. Home-monitoring of physiological 
parameters and individual goal-setting 
have been successfully used to support pa-
tient self-management [10]. For example, 
electronic activity monitors in pedometers 
use goal-setting and display the discrep-
ancy between defined goals and actual be-

haviour [11]. A combination of regular 
clinical follow-ups, complemented by self-
monitoring with goal-setting, may substan-
tially support self-management in CHD 
patients [10, 12].

The telemonitoring programme MyCor 
(Myokardinfarkt und Koronarstent Pro-
gramm in Tirol) was piloted in 2014 and 
aims at improving the care of patients fol-
lowing acute myocardial infarction and/or 
percutaneous coronary intervention. 
MyCor is a multi-modal intervention pro-
gramme to improve lifestyle and medi-
cation management. It includes patient edu-
cation, self-monitoring with goal-setting 
and feedback, and regular clinical  visits. The 
aim of MyCor is to improve  adherence with 
medication regimens and lifestyle changes 
and so improve clinical outcome. 

2. Objectives

The objective of this paper is to present the 
results of the formative evaluation of the 
MyCor telemonitoring programme regard-
ing technical feasibility, user acceptance, 
patient adherence, change in health status, 
and change in quality of life. 

3. The MyCor Programme

The telemonitoring programme MyCor 
addresses patients that have recently suf-

fered acute myocardial infarction and/or 
have undergone percutaneous coronary in-
tervention. 

Upon hospital discharge, patients were 
provided disease-specific education and 
were equipped with a telemedical monitor-
ing system. All devices of this system were 
able to communicate via Near Field Com-
munication (NFC) [13, 14] and were in-
cluded in a carrying case. In particular, the 
system comprised a smartphone (NFC An-
droid smartphone), a blood pressure meter 
(type UA 767 NFC, A&D), a pedometer 
(type UW-101 NFC, A&D), and an NFC 
personal identification card (▶ Figure 1). 
In addition, diabetes patients received a 
glucometer (type OneTouch Ultra II, Life-
Scan) and obese patients received a weigh-
ing scale (type UC-324 NFC, A&D). ▶ Fig-
ure 1 shows the MyCor devices.

Patients were asked to measure blood 
pressure and weight at least once daily and 
to use the pedometer for continuous foot-
step counting. Also, patients were re-
quested to document drug intake and sub-
jective well-being on the smartphone once 
daily. Data were locally stored in the 
MyCor Health Diary App on the smart-
phone and synchronised automatically via 
secure protocol with the central MyCor 
server. ▶ Figure 2 shows a screenshot of 
the smartphone showing the possible user 
interactions.

Based on transmitted data, patients 
were provided an individual, automatic 
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Figure 1 The MyCor devices used by the patients: blood pressure meter (UA 767 NFC, A&D), pedometer (UW-101 NFC, A&D), Android smartphone with 
NFC interface, NFC Identification card
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feedback report that was sent to their 
smartphone once weekly. This weekly re-
port included information on reaching in-
dividual goals regarding blood pressure, 
footsteps, weight, and blood glucose. 
Further details on these feedback reports 
can be found in [13].

Access to the data was strictly limited to 
the individual patients and to the respon-
sible physicians. Patients could use their 
MyCor App on their smartphone to view 
all data. The MyCor clinician could access 
the documented data via a web interface 
for discussion during the follow-ups 
(▶ Figure 3). 

4. Methods
4.1 Design of the MyCor 
 Evaluation Study
The MyCor evaluation included two tele-
monitoring phases and one interim phase. 
Overall study duration was 4 ½ months. 
• Study entry: Upon hospital discharge, 

patients were provided disease-specific 
education and were trained in the use of 
the telemonitoring system by a specially 
trained nurse. Together with a MyCor 
physician, individual goals for blood 
pressure, footsteps, and weight were 
 defined. Patients were provided the 
MyCor telemedical monitoring system. 

• Telemonitoring phase 1 (4 weeks): Pa-
tients were asked to use the telemedical 
equipment for four weeks. A hotline was 
available for technical problems. Auto-
matic feedback reports were sent elec-
tronically to the patient each week. 
These reports summarized the 
measured parameters and showed alerts 
in case of exceedance of the predefined 
goals. 

• First follow-up visit: After four weeks, 
patients were invited for the first follow-
up visit in which documented health 
diary data was reviewed by a MyCor 
physician. Medication was adjusted ac-
cordingly and individual goals were 
modified wherever needed. 

• Interim phase (12 weeks): Over the next 
three months, patients were asked to 
follow the recommendations regarding 
medication management and lifestyle in 

their daily life without support of the 
telemedical system. 

• Telemonitoring phase 2 (2 weeks): Pa-
tients were handed out the MyCor 
equipment again and were asked to use 
it for another two weeks. 

• Second follow-up visit: At the end of 
telemonitoring phase 2, patients were 
invited for a second follow-up visit in 
which the documented health diary 
data were re-discussed with the MyCor 
physician and medication was adjusted 
where needed. 

▶ Figure 4 summarizes the phases of the 
study and the instruments used. 

No direct communication between the 
patient and the MyCor clinicians was 
planned in between the scheduled follow-
ups. In case of any medical need, patients 
were referred to their family physician. 

4.2 Patient Recruiting and Ethical 
 Approval

Patients hospitalized for acute myocardial 
infarction and/or percutaneous coronary 
intervention at Innsbruck Medical Univer-

sity between February and October 2014 
were recruited for participation in the 
MyCor programme. Participation was vol-
untarily and not dependent on comorbid-
ities, type of medical or surgical interven-
tions, age or residence. Most contacted pa-
tients agreed to participate. Only three pa-
tients declined due to different personal 
reasons. 

Recruited patients had to be insured by 
an Austrian private insurance that focused 
on self-employed persons, as this insurer 
provided part of the funding for MyCor. It 
was planned to recruit 25 patients, as this 
number was found sufficient for a 
formative evaluation. 

Ethical approval was obtained through 
the ethical committee of the Innsbruck 
Medical University. 

4.3 Data Capture and Analysis

The evaluation comprised four studies:

4.3.1 Patient Survey

All patients were surveyed using a ques-
tionnaire that was based on the Informa-
tion System Success Model [14]. This ques-
tionnaire was pre-tested and included 37 
closed questions (four-point Likert scale) 
and four open questions. The closed ques-
tions addressed system quality (10 ques-
tions), information quality (2 questions), 
service quality (4 questions), user satisfac-
tion (3 questions), intention to use (7 ques-
tions), and net benefit (11 questions). The 
questionnaire was applied twice (see also 
Figure 4): during the first follow-up visit 
and (in a reduced version, only addressing 
intention to use and net benefit) during the 
second follow-up visit. Quantitative data 
was analysed using descriptive statistics, 
and mean scores were calculated for each 
of the six dimensions of the Information 
System Success Model. Free text comments 
were analysed using qualitative and quanti-
tative content analysis [15]. 

4.3.2 Quality of Life

The validated MacNew instrument [16] 
was applied to all patients three times (see 
also ▶ Figure 4): at study entry, at first fol-
low-up visit, and at second follow-up visit. 
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Figure 2 Screenshot of the smartphone with all 
possible functions. From top-left to bottom-right: 
blood pressure, steps, well-being, medication, 
commentary, physical activity, weight, diabetes, 
messages, and measurement data
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The MacNew instrument is an internation-
ally validated instrument for the standard-
ized assessment of quality of life of patients 
after myocardial infarction. The instru-
ment comprises 27 closed questions on 
emotional, social, and physical quality of 
life. Scores were calculated for each of the 
three MacNew sub-scales. Comparison be-
tween the three measurement times was 
done using Friedman and Wilcoxon-
Signed-Rank test with alpha set to 0.05. 

4.3.3 Patient Adherence

The log files of all documented and trans-
mitted health diary data were analysed re-
garding number and completeness both 

during telemonitoring phase 1 and tele-
monitoring phase 2. For this, data was ag-
gregated to calculate the number of daily 
measurements that were documented per 
patient and per week. 

4.3.4 Health Condition

All health diary data (weight, blood pres -
sure, footsteps) were analysed. Mean values 
per patient and per week were calculated. 
The percentage of patients reaching the 
goals was calculated for telemonitoring 
phase 1 and telemonitoring phase 2. To 
allow comparison of data, goals were uni-
formly set to: steps > 3,000 per day, blood 
pressure < 140/90 mmHg, and heart rate  

< 70 beats/minute. Data was aggregated to 
obtain the number of times the goals were 
reached per patient and per week. 

5. Results
5.1 Participating Patients 

Twenty-five patients (24 male, 1 female) 
were recruited and equipped with the 
MyCor telemedical system. Mean age was 
63 years (range: 47– 89 years). ▶ Table 1 
shows the baseline characteristics of par-
ticipants. 

All patients participated in both tele-
monitoring phases, attended all MyCor fol-

E. Ammenwerth et al.: Evaluation of an Integrated Telemonitoring Surveillance System in Patients with Coronary Heart Disease

Figure 3 Presentation of transmitted blood pressure and heart rate (upper panel), daily activity/steps (middle panel), and well-being (lower panel) for one 
patient over a period of one month. Target values are displayed as scattered lines.
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low-up visits, and filled in all question-
naires. There were no drop-outs. 

Before entry into the study, 15 patients 
(60%) had regularly used a computer, and 
13 patients (52%) had used a smartphone. 
Eighteen patients (72%) felt “very confi-
dent” or “partly confident” when working 
with computers and smartphones. 

Eighteen patients (72%) had used a 
blood pressure device at home before study 
entry, and one patient had used a pedo -
meter. Eight patients (32%) had measured 
their blood pressure at least four times a 
week before the study. Eleven patients 
(44%) had measured their weight at least 
four times a week. 

5.2 Patient Survey

Results of the patient survey at the end of 
telemonitoring phase 1 showed mostly 
positive answers. ▶ Figure 5 shows the 
answers to selected survey questions.
▶ Figure 6 shows the survey results 

after telemonitoring phase 1, aggregated 
for each of the six dimensions of the Infor-
mation System Success Model (namely, in-
formation quality, service quality, system 
quality, intention to use, user satisfaction, 
and net benefit). For this aggregation, the 
mean values are displayed for all questions 
in that dimension. 

The results of the patient survey after 
telemonitoring phase 2 showed comparable 
positive responses, with a mean value of 3.6 
for information quality and a mean value 
of 3.5 for intention to use.

In the free text comments issued by the 
25 patients to the open questions, the fol-
lowing major benefits were mentioned:
• Improved self-control of individual 

health (6 comments)
• Improved health consciousness (3 com-

ments)
• Motivation for physical activity (3 com-

ments)
• Better overview on individual data (2 

comments)
• Reaching goals, visible results (2 com-

ments)
• Motivation to come to follow-up visits 

(1 comment)

5.3 Quality of Life

The MacNew questionnaire showed an im-
provement of the quality of life over the 
three measurement times (entry visit, first 
follow-up visit, second follow-up visit) 
(▶ Figure 7). Detailed analysis confirmed 
these results for the three sub-dimensions 
of physical, emotional, and social quality of 
life (details not shown). 

The change between the entry visit and 
the second follow-up visit as well as the 
change between the first follow-up visit 
and the second follow-up visit were signifi-
cant for all MacNew scores (p < 0.01 in 
each case).

E. Ammenwerth et al.: Evaluation of an Integrated Telemonitoring Surveillance System in Patients with Coronary Heart Disease

Figure 4 Phases of the MyCor study and timing of the three MyCor visits, of the surveys, and of analysis of log files and health diary data

Characteristics of participants

# participating patients

# percutaneous coronary intervention

# transmural myocardial infarction (STEMI)

# non-transmural myocardial infarction (NSTEMI)

# percutaneous coronary intervention

# single-vessel coronary artery disease

# multivessel coronary artery disease

# smokers (at study entry/first follow-up /
 second follow-up)

# obesity (body mass index > 30) (at study entry/
second follow-up) 

# diabetes mellitus

# hypertension

# family history of CHD

N

25

25

8

8

9

7

18

8/5/5

7/5

2

23

19

Table 1  
Clinical parameters of 
the 25 MyCor patients. 
# = “number of”
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5.4 Adherence of Patients

In telemonitoring phase 1, 86% of all daily 
measurements were completely conducted, 
meaning that weight, blood pressure, foot-
steps, and medication intake were docu-
mented and successfully transmitted. In 
telemonitoring phase 2, 77% of all daily 
measurements were completely conducted. 
78% of all weekly feedback reports sent 
electronically to the patient were read by 
the patients. 

The mean adherence to medication,  
as self-documented by the patients on a 
daily basis, was 87% in phase 1 and 80% in 
phase 2. 

E. Ammenwerth et al.: Evaluation of an Integrated Telemonitoring Surveillance System in Patients with Coronary Heart Disease

Figure 5 Results of patient survey (distribution of answers to selected questions, n = 25 patients): Scale A = information quality, B = system quality,  
C = service quality, D = user satisfaction, E = net benefit, F = intention to use. 

Figure 6  
Mean responses to the 
MyCor patient survey, 
aggregated to the  
six dimensions of the 
Information System 
Success Model (n =  
25 patients). 1 = mini-
mum, 4 = maximum
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5.5 Health Condition

In all weeks of both telemonitoring phases, 
the median number of steps of all patients 
was clearly higher than the 3,000 steps per 
day that had been defined as the minimum 
number of steps (range: 5,833–7,148 medi-
an steps per day). On up to 86% of all days, 
3,000 steps could be reached, this rate 
being higher in phase 1 compared to phase 
2 (▶ Figure 8).

The median pulse rate of all patients 
was 62–64 beats/minutes in all weeks. On 
up to 80% of all measured days, the pulse 
rate was less than 70 beats/minutes, this 
rate being higher in phase 1 compared to 
phase 2 (▶ Figure 9).

Both diastolic and systolic blood pres -
sure were quite stable in all weeks. On up to 
80% of all days, the blood pressure was 
lower than 140/90 mmHg, this rate being 
rather identical in phase 1 compared to 
phase 2 (▶ Figure 10).

5.6 Medication Changes

At study entry, a mean of seven different 
drugs were prescribed per patient (range: 
4 –12 prescriptions/patient). At the first fol-
low-up visit, this number was reduced to a 
mean of six prescriptions (range: 3 –12). At 
the second follow-up visit, this number was 
further reduced to a mean of five prescrip-
tions (range: 3 –12). The overall number of 
prescribed drugs could be reduced by 
around 20% between the entry visit (202 
prescriptions for all patients) and the sec-
ond follow-up visit (162 prescriptions). 

Both follow-up visits led to changes in 
the prescriptions: 55 changes were con-
ducted in the first follow-up visit and 57 
changes in the second follow-up visit. In 
between both follow-up visits, only eleven 
changes were made by the regular treating 
physicians (e.g. general practitioner) of the 
patient. 

6. Discussion

Following earlier recommendations on im-
proving medication adherence [7], the tele-
monitoring programme MyCor for pa-
tients with coronary heart disease (CHD) 
comprised a multimodal intervention in-

E. Ammenwerth et al.: Evaluation of an Integrated Telemonitoring Surveillance System in Patients with Coronary Heart Disease

Figure 7 MacNew global score for 25 MyCor patients at the beginning of telemonitoring phase 1, at 
the end of telemonitoring phase 1, and at the end of telemonitoring phase 2. 1 = minimal quality of life, 
7 = maximal quality of life (p < 0.01 for the change between study entry and second follow-up visit,  
p < 0.01 for change between first follow-up visit and second follow-up visit). 

Figure 8  
Percentage of days 
during which at least 
3,000 steps were 
reached in the four 
weeks of telemonitor-
ing phase 1 and in the 
two weeks of tele-
monitoring phase 2  
(n = 25 patients). 

cluding patient education, self-monitoring 
with goal-setting and automatic feedback, 
and regular clinical visits with a MyCor 
physician. The aim of MyCor was to im-
prove adherence to medication and lifestyle 
recommendations and so improve clinical 

outcome. Low adherence in CHD patients 
has been found associated with adverse 
cardiovascular events [17]. 

Telemonitoring phase 1 represented the 
intervention and comprised the following 
activities: disease-specific education, train-
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ing in the use of the telemonitoring system, 
establishment of individual goals regarding 
blood pressures, physical activity and 
weight, monitoring over four weeks, and 
automatic feedback reports on measured 
parameters and exceedance of personal 
goals. A 12-week interim phase was meant 
to show whether patients learned to take 

care of their parameters themselves with-
out the help of the telemonitoring system. 
Telemonitoring phase 2 (two weeks) was 
intended to obtain information on whether 
patients indeed had managed to keep con-
trol of blood pressure, steps and weight in 
the interim phase, and whether the tele-

monitoring intervention of four weeks 
could be considered sustainable. 

This study was not planned as a con-
trolled clinical trial. It was instead intended 
as a formative evaluation to obtain infor-
mation on the weak points of telemedical 
services regarding organization and tech-
nology, on patient adherence over time, on 
sustainability of the intervention, on possi-
ble benefits for the health status, and on 
possible adverse effects of the intervention. 
No statistical tests were planned in this first 
evaluation study, as no independent con-
trol group was available. 

The patient survey revealed high ac-
ceptance of the MyCor telemonitoring pro-
gramme. Participating patients considered 
the MyCor technology easy to use and 
user-friendly. The hotline received only 
very few calls on technical issues (e.g. re-
garding data transmission problems); these 
technical problems were mostly solved by 
exchanging the telemonitoring set. Free 
text comments did not reveal any sugges-
tions for improvement of the technology. 
Thus, using a smartphone with NFC for 
data acquisition of obtained data seems to 
be appropriate for this mostly male patient 
group. It must, however, be stated that the 
majority of included patients were rela -
tively young (mean age: 63 years), quite 
confident with computers, and mostly self-
employed and thus probably well-educated 
persons. Less educated patients, older pa-
tients or female patients may be less techni-
cally oriented and may show less interest in 
using a telemonitoring system [18]. On the 
other hand, telemedicine may help to over-
come the digital divide and may also be ap-
propriate for older and less IT-experienced 
persons [19, 20]. Nevertheless, future 
studies are needed to verify whether older, 
less educated or less IT-experienced pa-
tients also accept MyCor telemonitoring. 

Adherence to daily measurements was 
in general high with up to 86% and 77% in 
telemonitoring phase 1 and 2, respectively. 
Also, self-reported adherence to medi-
cation was high most of the time: Mean ad-
herence to medication was 87% and 80%, 
respectively, which is clearly higher than 
adherence rates of 60% for CHD patients as 
reported in the literature [17]. Transmitted 
data show that pre-defined goals for physi-
cal activity also were reached most of the 
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Figure 9  
Percentage of days 
during which the 
measured pulse rate 
was less than  
70 beats/minute  
in the four weeks  
of  telemonitoring 
phase 1 and in the 
two weeks of tele- 
monitoring phase 2  
(n = 25 patients)

Figure 10  
Percentage of days 
during which the 
blood pressure was 
less than 140/90 
mmHg in the four 
weeks of telemonitor-
ing phase 1 and in the 
two weeks of tele-
monitoring phase 2  
(n = 25 patients)
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time (79%–86% in telemonitoring phase 1 
and 72%–73% in telemonitoring phase 2). 

Altogether, these findings indicate good 
adherence of patients to lifestyle changes 
and medication management. However, it 
must be noted that medication adherence 
was self-reported and it cannot be verified 
whether medication was in fact taken as 
prescribed. Also, comparing telemonitor-
ing phases 1 and 2 showed a decline in ad-
herence rates regarding daily data transfers 
(drop from 86% to 77% completed daily 
transmissions) and of physical activity 
(performing at least 3,000 steps a day: drop 
from a mean of 85% to 72%). These results 
may reflect a long-term reduction in adher-
ence, which is comparable to what has 
been found in other adherence studies [7]. 
Whether a monitoring phase longer than 
four weeks with continuous weekly auto-
matic feedback reports would help to sta-
bilize adherence and increase sustainability 
of the telemonitoring intervention is not 
yet clear and must be evaluated in further 
studies. 

The large majority of patients indicated 
subjective benefits from their participation 
in MyCor. The patient surveys, both in the 
closed and open questions, showed an ap-
preciation of improved self-control and 
health consciousness. Patients seem to feel 
motivated for physical activity and for ad-
herence to medical recommendations. 
More than half of the patients found that 
participation in the project motivated them 
to enact lifestyle changes and resulted in 
improved health and quality of life, and 
more than one-third agreed to this at least 
partially. 

Along these lines, MyCor may be seen 
as an intervention affecting patient em-
powerment. Patient empowerment has 
been defined a “process of communication 
and education in which knowledge, values 
and power are shared between patient and 
healthcare provider” [21]. MyCor offers 
patients more information on their health 
status and provides feedback to support 
them in their personal choices regarding 
medication adherence and physical activ-
ity. Whether this indeed shows an effect on 
patient empowerment and related out-
comes needs to be verified in future 
studies. 

The patients considered MyCor as posi-
tive on all six dimensions of the Informa-
tion System Success Model. This good suc-
cess may also explain why no drop-outs 
were noted during the entire study period. 
The majority of patients intended to buy 
the telemonitoring set at the end of the 
study, and so far 13 patients (52%) in fact 
did so. 

From a medical point of view, nominal 
reduction in blood pressure and heart rate 
or an improvement in reaching the pre-de-
fined goals concerning these parameters 
could not be observed. This, however, was 
beyond the scope of this study. The Mac-
New scores showed a significant improve-
ment in quality of life after hospital dis-
charge. Admittedly, this is to be expected in 
this scenario after hospital discharge. How 
much of the improvement in physical, 
 social, and emotional quality of life can be 
assigned to MyCor participation must be 
determined in a larger and controlled 
study. 

Strong evidence is available on an in-
verse association between risk of cardio-
vascular diseases and social class both in 
women and men [22]. Given the fact that 
in our study most of the participants were 
male and self-employed persons, it is not 
possible to verify the influence of the social 
status on the participants’ behaviour. In fu-
ture controlled studies of MyCor, recruit-
ing should include more females as well as 
patients from other social groups and from 
various insurers to increase the generaliz-
ability of the findings. It must then also be 
verified whether patients with complex 
 comorbidities are good candidates for a 
telemonitoring programme. 

Summarizing, the evaluation showed 
that participating patients saw benefits 
quality of life and health from MyCor par-
ticipation. Results revealed a generally 
good adherence to medication and lifestyle 
recommendations and showed an im-
proved quality of life over time. On the 
other hand, achieving long-term adherence 
remains an open issue. 

It is now planned to expand the MyCor 
programme to other healthcare institutions 
and to test different and individual combi-
nations of multimodal patient education, 
telemonitoring phases, and follow-up 
 visits, adapted to the individual needs and 

wishes of the patient. Challenges of sensor-
enhanced health information systems such 
as message and alert logistics, sophisticated 
user interfaces, and cascading data analysis 
[23] will need to be tackled. Definite results 
regarding the effects of the programme on 
adherence and hard clinical endpoints, 
however, must be derived from prospec-
tive, controlled trials. 

7. Conclusion

The telemonitoring programme MyCor in-
cludes patient education, self-monitoring 
with goal-setting and feedback, and regular 
clinical visits for patients after acute myo-
cardial infarction and/or percutaneous 
 coronary intervention. Formative evalu-
ation revealed high acceptance by the pa-
tients, subjective benefits on quality of life 
and health status, and high adherence rates 
to medication and lifestyle changes. Long-
term adherence and achieving improve-
ments in clinical outcomes remain an open 
issue. These evaluation results will promote 
further studies, addressing different strat-
egies for an optimal mix of patient edu-
cation, telemonitoring, feedback, and clini-
cal follow-ups. 

Acknowledgments

We thank the Department of Information 
Technology at TILAK – Tiroler Landesk-
rankenanstalten GmbH and SVA – Sozial-
versicherung der Gewerblichen Wirtschaft, 
Landesstelle Innsbruck for the positive co-
operation and support throughout the pro-
ject. We thank Werner O. Hackl for sup-
porting data visualization. 

References
1. Statistik Austria. Todesursachen 2012. 2014 [ac-

cessed 2015, April-24]; Available from: http:// 
www.statistik.at/web_de/statistiken/gesundheit/ 
todesursachen/todesursachen_ausgewaehlte/
index.html 

2. Daemen J, Wenaweser P, Tsuchida K, Abrecht L, 
Vaina S, Morger C, Kukreja N, Juni P, Sianos G, et 
al. Early and late coronary stent thrombosis of 
 sirolimus-eluting and paclitaxel-eluting stents in 
routine clinical practice: data from a large two-in-
stitutional cohort study. Lancet 2007; 369 (9562): 
667–678.

E. Ammenwerth et al.: Evaluation of an Integrated Telemonitoring Surveillance System in Patients with Coronary Heart Disease



Methods Inf Med 5/2015 © Schattauer 2015

10

3. Gehi AK, Ali S, Na B, Whooley MA. Self-reported 
medication adherence and cardiovascular events 
in patients with stable coronary heart disease: the 
heart and soul study. Arch Intern Med 2007; 167 
(16): 1798 –1803.

4. van Werkum JW, Heestermans AA, Zomer AC, 
Kelder JC, Suttorp MJ, Rensing BJ, Koolen JJ, 
Brueren BR, Dambrink JH, et al. Predictors of 
 coronary stent thrombosis: the Dutch Stent 
Thrombosis Registry. J Am Coll Cardiol 2009; 53 
(16): 1399 –1409.

5. Munger MA, Van Tassell BW, LaFleur J. Medi-
cation nonadherence: an unrecognized cardiovas-
cular risk factor. MedGenMed 2007; 9 (3): 58.

6. Rodriguez F, Cannon CP, Steg PG, Kumbhani DJ, 
Goto S, Smith SC, Eagle KA, Ohman EM, Umez-
Eronini AA, et al. Predictors of long-term ad -
herence to evidence-based cardiovascular disease 
medications in outpatients with stable athero-
thrombotic disease: findings from the REACH 
Registry. Clin Cardiol 2013; 36 (12): 721–727.

7. Ho PM, Bryson CL, Rumsfeld JS. Medication ad-
herence: its importance in cardiovascular out-
comes. Circulation 2009; 119 (23): 3028 –3035.

8. Ho PM, Spertus JA, Masoudi FA, Reid KJ, Peterson 
ED, Magid DJ, Krumholz HM, Rumsfeld JS. Im-
pact of medication therapy discontinuation on 
mortality after myocardial infarction. Arch Intern 
Med 2006; 166 (17): 1842 –1847.

9. Sokol MC, McGuigan KA, Verbrugge RR, Epstein 
RS. Impact of medication adherence on hospitali -
zation risk and healthcare cost. Med Care 2005; 43 
(6): 521–530.

10. Bosworth HB, Powers BJ, Oddone EZ. Patient self-
management support: novel strategies in hyper-

tension and heart disease. Cardiol Clin 2010; 28 
(4): 655 – 663.

11. Lyons EJ, Lewis ZH, Mayrsohn BG, Rowland JL. 
Behavior change techniques implemented in 
 electronic lifestyle activity monitors: a systematic 
content analysis. J Med Internet Res 2014; 16 (8): 
e192.

12. Glynn LG, Murphy AW, Smith SM, Schroeder K, 
Fahey T. Interventions used to improve control of 
blood pressure in patients with hypertension. 
Cochrane Database Syst Rev 2010 (3): CD005182.

13. Kreiner K, Welte S, Modre-Osprian R, Fetz B, 
Heidt A, Ammenwerth E, Pölzl G, Kastner P. A 
personalized feedback system for supporting beha-
vior change for patients after an acute myocardial 
infarction. In: Hayn D, Schreier G, Ammenwerth 
E, Hörbst A, editors. Proceedings of eHealth2015, 
18.–19.6.2015, Vienna. Amsterdam: IOS Press; 
2015.

14. DeLone W, McLean E. The DeLone and McLean 
Model of Information Systems Success: A Ten-
Year Update. Journal of Management Information 
Systems 2003; 19 (4): 9 –30.

15. Bortz J, Döring N. Forschungsmethoden und 
Evaluation für Human- und Sozialwissenschaftler 
[Research methods and evaluation]. 3rd ed. Berlin: 
Springer; 2002.

16. Hofer S, Schmid JP, Frick M, Benzer W, Laimer H, 
Oldridge N, Saner H. Psychometric properties of 
the MacNew heart disease health-related quality of 
life instrument in patients with heart failure. J Eval 
Clin Pract 2008; 14 (4): 500 –506.

17. Chowdhury R, Khan H, Heydon E, Shroufi A, Fa-
himi S, Moore C, Stricker B, Mendis S, Hofman A, 
et al. Adherence to cardiovascular therapy: a meta-

analysis of prevalence and clinical consequences. 
Eur Heart J 2013; 34 (38): 2940 –2948.

18. Buysse HE, de Moor GJ, de Maeseneer J. Introduc-
ing a telemonitoring platform for diabetic patients 
in primary care: will it increase the socio-digital 
divide? Prim Care Diabetes 2013; 7 (2): 119 –127.

19. Romano MF, Sardella MV, Alboni F, Russo L, Ma-
riotti R, Nicastro I, Barletta V, Di Bello V. Is the 
Digital Divide an Obstacle to e-Health? An Analy-
sis of the Situation in Europe and in Italy. Telemed 
J E Health 2015; 21 (1): 24 –35.

20. Masucci MM, Homko C, Santamore WP, Berger P, 
McConnell TR, Shirk G, Menapace F, Bove AA. 
Cardiovascular disease prevention for under-
served patients using the Internet: bridging the 
digital divide. Telemed J E Health 2006; 12 (1): 
58– 65.

21. Aujoulat I, d’Hoore W, Deccache A. Patient em-
powerment in theory and practice: polysemy or 
cacophony? Patient Educ Couns 2007; 66 (1): 
13–20.

22. McFadden E, Luben R, Wareham N, Bingham S, 
Khaw KT. Occupational social class, risk factors 
and cardiovascular disease incidence in men and 
women: a prospective study in the European Pros-
pective Investigation of Cancer and Nutrition in 
Norfolk (EPIC-Norfolk) cohort. Eur J Epidemiol 
2008; 23 (7): 449–58.

23. Bott OJ, Marschollek M, Wolf KH, Haux R. To-
wards new scopes: sensor-enhanced regional 
health information systems – part 1: architectural 
challenges. Methods Inf Med 2007; 46 (4): 
476 – 483.

E. Ammenwerth et al.: Evaluation of an Integrated Telemonitoring Surveillance System in Patients with Coronary Heart Disease


