
Open access 

  1Hovland-Tånneryd A, et al. Open Heart 2019;6:e000954. doi:10.1136/openhrt-2018-000954

To cite: Hovland-Tånneryd A, 
Melin M, Hägglund E, et al. From 
randomised controlled trial to 
real world implementation of a 
novel home-based heart failure 
tool: pooled and comparative 
analyses of two clinical 
controlled trials. Open Heart 
2019;6:e000954. doi:10.1136/
openhrt-2018-000954

Received 19 October 2018
Revised 21 March 2019
Accepted 6 May 2019

1Hemse Health Central, Region 
Gotland, Visby, Sweden
2Heart and Vascular Theme, 
Karolinska Universitetssjukhuset, 
Stockholm, Sweden
3Department of Clinical 
Sciences, Danderyd Hospital, 
Karolinska Institutet, Stockholm, 
Sweden

Correspondence to
Dr Ann Hovland-Tånneryd, 
Hemse Health Central, Region 
Gotland, 623 51 Hemse, 
Sweden;  ann. hovland- 
tanneryd@ gotland. se

From randomised controlled trial to real 
world implementation of a novel home-
based heart failure tool: pooled and 
comparative analyses of two clinical 
controlled trials

Ann Hovland-Tånneryd,1 Michael Melin,2 Ewa Hägglund,2 Inger Hagerman,2 
Hans E Persson3

Heart failure and cardiomyopathies

© Author(s) (or their 
employer(s)) 2019. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

Key questions

What is already known about this subject?
 ► The need to digitalise appropriate parts of health-
care is evident, and the investigated mHealth tool 
has previously been studied in a small randomised 
controlled trial (RCT).

What does this study add?
 ► New technical solutions often fail to leave the test 
bed-environment to be implemented in clinical 
practice and oftentimes the reason can be that 
the generalisability, or external validity of the RCT-
findings is questioned. This study aims to compare 
the RCT findings to the more pragmatic design of a 
validation project in primary care, and to also anal-
yse the two data sets together.

How might this impact on clinical practice?
 ► The investigators hope to provide healthcare pro-
fessionals and healthcare organisations a better 
foundation for assessing the potential use of the in-
vestigated mHealth tool as a part of clinical practice.

AbstrAct
Objectives A home-based tool for heart failure (HF) 
patients, was evaluated in a specialist setting as a 
randomised controlled trial (RCT) and also in a validation 
cohort in a primary care setting in a clinical controlled trial 
(CCT). The tool provides education, symptom monitoring 
and titration of diuretics. The aim of this study was thus 
to extend validity of the previous RCT findings in order to 
describe applicability of the tool in clinical practice.
Methods Data from both trials were analysed separately, 
as well as a pooled data set (n=172). Data were analysed 
with respect to HF related in-hospital days, self-care 
behaviour and system adherence, during a 6-month 
intervention. The analysis of in-hospital days for the pooled 
data was adjusted for baseline differences between the 
two study cohorts, relating to disease state.
Results In the RCT (n=72) the intervention group (IG) 
consisted of 32 patients and the control group (CG) of 
40 patients. The risk ratio (RR) for in-hospital days was 
RR: 0.72, 95% CI 0.61 to 0.84, p<0.05 in favour of the 
IG. In the CCT (n=100) both the IG and the CG consisted 
of 50 patients and the IG had fewer in-hospitals days, 
comparable to the RCT findings with RR: 0.67; 95% CI 0.45 
to 0.99; p<0.05. For the pooled data set made up of 172 
patients, the groups were well balanced but with a higher 
prevalence of hypertension in the CG. The RR relating to 
in-hospital days for the pooled data set was 0.71; 95% CI 
0.61 to 0.82; p<0.05 in favour of the IG. There was a 
statistically significant improvement in self-care by 27% 
and the median system adherence was 94%.
Conclusions These analyses suggest that the evaluated 
tool might reduce HF related in-hospital days in the 
general HF population, which adds to the external validity 
of previous findings.
Clinical Trial Registration
NCT03655496.

IntROduCtIOn
According to the WHO, eHealth is the use of 
information and communication technolo-
gies for health, and with the wide spread of 
mobile technologies, a new field of eHealth 

has emerged, called mHealth. mHealth, is 
a component of eHealth, a medical health 
practice supported by mobile devices.1 WHO 
predicts that the emergence of mHealth will 
transform health services and it will have an 
important role to play in combating disease.

Heart failure (HF) remains a huge burden 
to western countries with a prevalence in 
the general population of 2%–3%2 and 
consuming 1%–2% of the total healthcare 
expenditure in industrialised countries.3 4 
With an ageing population it is estimated 
that HF will increase in prevalence.5 
Approximately 70%–80% of HF costs are 
attributed to hospitalisations which always 
are signs of deterioration and adds to the 
burden for the HF patient.4 6 7 Therefore, it 
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seems relevant to address the issue of consumption of 
hospital HF care.

It has been suggested that telemonitoring might be a 
feasible way of keeping patients out of the hospital but 
so far, the results are not conclusive.8 In the light of these 
findings it is important to confirm that mHealth inter-
ventions do in fact work, before spending large scale 
resources.

Clinical trials can be described as either explanatory 
or pragmatic, depending on whether the design is opti-
mised for internal or external validity.9 A randomised 
controlled trial (RCT) is the best study design to evaluate 
the effect of an intervention, but randomisation alone 
does not offer any knowledge as to whether the findings 
are generalisable beyond the precise situation in which 
the trial was done.10 In contrast, pragmatic trials are 
aimed at studying the intervention under routine clinical 
practise situations.11

Another important aspect when studying HF is to 
remember that as more patients are being diagnosed 
with HF, most patients will present themselves in primary 
care, so the role of the general practitioner is becoming 
increasingly important.12 In Sweden, most HF-patients 
are elderly and treated in primary care.13 To properly 
evaluate the efficacy of a proposed HF intervention, it 
may be appropriate to evaluate efficacy both in an RCT 
and in a routine clinical practise, preferably in some way 
including primary care.

A novel, home-based mHealth-tool for HF patients 
(OPTILOGG) has been evaluated with positive results 
in an RCT in Stockholm, Sweden, incorporating three 
cardiology clinics in the study PACEMAN-HF.14 15 The 
same HF-tool was later evaluated in primary care in a 
rural region of Sweden (the Hemse study) and presented 
at the European Society of Cardiology’s (ESC) HF-con-
gress in Florence, Italy in 2016.16

The aim of this study was to use data from both data 
sets and use the pooled data to analyse the effect of the 
intervention on in-hospital days, in order to produce 
results with greater external validity.

MetHOds
design
PACEMAN-HF
In the parallel RCT PACEMAN-HF, study subjects were 
recruited before discharge after an acute HF-admission 
to the hospital, with three participating centres in Stock-
holm, Sweden.14 15 To be eligible to participate in the 
study, patients needed to be diagnosed with HF and be 
over 18 years old. Exclusion criteria were a life-expec-
tancy of less than 6 months, or cognitive impairment 
of such severity as it would make the patient unable to 
understand instructions provided. Recruited patients 
were randomised 1:1 to an intervention group (IG) or 
control group (CG). The blinded data analyst created 
three separate sets of sealed envelopes with 50% of each 
set of envelopes containing allocation to the IG, and the 

other 50% allocation to the CG. Each set of the sealed 
envelopes were delivered to each recruiting centre, where 
an envelope was drawn and opened after the patient had 
submitted his/her consent and completed the baseline 
data acquisition, by the recruiting nurse. Every patient, 
regardless of group allocation, received written informa-
tion on appropriate self-care behaviour, as well as a direct 
telephone number to a HF nurse, that they could contact 
in case of worsening symptoms or concern. The interven-
tion lasted for 180 days.

Hemse
In the Hemse-study, the same exclusion and inclusion 
criteria were applied, based on learnings from PACE-
MAN-HF. The duration of the intervention was also kept 
the same, to make the pooled analysis more straightfor-
ward. The most important difference was that all study 
subjects were being treated in primary care and in a 
rural part of Sweden, whereas the study subjects in PACE-
MAN-HF were recruited at hospitals in Stockholm, the 
capital of Sweden. The Hemse study was a pragmatic, 
quasi-randomised 1:1, parallel controlled clinical trial 
and eligible patients were those with a confirmed HF 
diagnoses and complete echocardiography examination, 
listed at the Hemse Health Central (HHC) at the time of 
the study. The purpose of the echocardiography exami-
nation was to further increase probability that all patients 
included had HF and had not been previously misdiag-
nosed. Another important difference was that none of 
the patients in PACEMAN-HF were referred to an outpa-
tient HF clinic, whereas the HHC has a HF clinic in-house 
which all eligible patients attended. Optimised recom-
mended medical treatment and self-care education were 
given according to current guidelines.17

sample
In PACEMAN-HF, the recruited patients constituted 
10% of patients admitted to the recruiting hospitals 
during the time of enrolment. Consecutive sampling was 
employed, as the responsible healthcare provider (HCP) 
at the respective clinic approached patients as they were 
close to being discharged. Patients who were referred to 
the outpatient HF clinic following the discharge were not 
eligible to participate in the study. A total of 82 patients 
were recruited between February and June of 2013, 
and out of these 10 withdrew consent before ever being 
exposed to the intervention.15

At the time of enrolment to the Hemse-study, 114 
patients were listed at the HHC with a diagnosis of HF. 
Out of these patients 14 either failed to meet all inclusion 
criteria or met one or more exclusion criteria and 100 
were eligible to participate. Instead of employing formal 
sampling and formal randomisation, since it was desired 
to emulate standard practise as much as possible in the 
interest of external validity, 50 of these patients were 
simply assigned to the IG by randomly selecting them 
from the list of patients. These patients were prescribed 
the mHealth-tool as part of their HF treatment, and the 
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remaining 50 constituted the CG and were subject to 
standard care.

Intervention
The mHealth-tool consists of a specialised tablet 
computer wirelessly connected to a weight scale, which 
is installed in the patient’s home. It contains an adaptive 
education module to better the patient’s understanding 
of HF as well as enhancing their self-care behaviour. It 
also contains a titration module for diuretics, where 
the patient’s sudden weight changes are used as input. 
When a patient is prescribed the mHealth-tool, certain 
patient-specific parameters are put in by the patient’s 
treating physician, to set the limits for the diuretics and 
then the mHealth-tool titrates the dose based on the 
patient’s weight changes, as proposed in the ESC guide-
lines valid at the time of the study.17 The tool also regis-
ters three of the patient’s self-reported symptoms, namely 
shortness of breath, fatigue and peripheral swelling/
oedema. Based on an algorithm utilising the data from 
the weights, dose of diuretics, the self-reported symptoms 
and the patient’s interaction with the mHealth-tool, it 
can automatically detect a deterioration in HF status and 
alert for a high risk of an imminent exacerbation. If the 
mHealth-tool detects such a deterioration in HF status, 
the patient will be alerted on screen. The alert contains a 
brief summary of what has happened and contact infor-
mation to the HCP, and the instruction to contact the 
HCP. For the Hemse study, care was taken to make the 
introduction of the intervention as much like standard 
practice as possible, where the allocated patients were 
recommended the tool by their treating physician.

Outcomes and data collection
In both studies, data regarding patients’ hospitalisations 
was retrieved from the medical records and adjudicated 
as HF-related or not by the responsible physician. The 
data analyst performed the analysis on blinded data for 
both the separate data sets from the two studies, and the 
pooled data set. This outcome was specifically chosen 
to fulfil the aim of the study which was to add to the 
generalisability of the findings. Different regions have 
implemented different strategies in combating HF and 
certain strategies lead to increased re-admissions but 
shorter length-of-stay (LOS), whereas others may lead to 
a decrease in re-admissions at the cost of increased LOS. 
The choice of assessing in-hospital days was made as it is 
likely most relevant both to the payer and the patient and 
should also serve to make the interpretation of the results 
more general.

A secondary outcome of this study was the patient’s 
adherence to the tool (system compliance), stratified by 
age, gender and place of residence. Another secondary 
outcome was self-care behaviour, as assessed by the Euro-
pean Heart Failure Self-care Behaviour Scale (EHFScB-
9), which is a validated tool for measuring self-care 
behaviour.18 For budget reasons, the EHFScB-9 was only 

collected for intervention patients in the Hemse-study. 
All outcomes were assessed 180 days after randomisation.

sample size and statistical analyses
In PACEMAN-HF, the sample-size calculations resulted in 
that 30+30 patients would be required to reject the null 
hypotheses with 80% power, and a type-I error probability 
of 5%.14

Retrospectively, it was noted that the 72 recruited 
patients were enough to detect a statistically significant 
difference in days spent at the hospital, and that number 
was used when deciding on the sample-size for the Hemse-
study, with some additional considerations.

We estimated that the Hemse-population would be 
better treated, since all participants had attended an 
outpatient HF-clinic, but that they would likely display 
poorer self-care behaviour as a larger proportion of the 
participants would be from a rural area.19 Using the meth-
odology proposed by Li et al and the adjusted data from 
the PACEMAN-HF trial as input, we would need 45+45 
patients in order to reject the null hypothesis with 80% 
power.20 Therefore, the target for enrolment was set at 
25% higher than in the PACEMAN-HF study, that is, 90 
patients.

For consistency reasons, the statistical methodology 
was fully adopted from the analyses used in PACE-
MAN-HF.14 15 The baseline characteristics were analysed 
using the χ2 test and a t-test for independent samples. 
Hospital days per patient and 180 days were analysed 
using generalised Poisson log-linear regression. Due to 
the two cohorts being different in terms of disease level, 
and therefore having different baseline risk, the regres-
sion model was made to include an interaction term 
to adjust for these differences. In both studies we were 
interested in estimating the net/marginal incidence rate 
ratio of inpatient hospitalisation, so absorbing competing 
events (eg, death) were handled by censoring. The self-
care behaviour (EHFScB-9) was analysed using the 
Mann-Whitney U test. The effect on system adherence by 
different factors was analysed with multiple linear regres-
sion. P values of less than 0.05 were considered statistically 
significant and all tests were two-tailed. All patients who 
did not explicitly withdraw their consent were included in 
the analyses and all patients in the IG equipped with the 
mHealth-tool were included, irrespective if they returned 
the mHealth-tool prior to the follow-up or not. All statis-
tical calculations were performed in R, V.3.0.1.

Results
Patients and baseline characteristics
The participant flow is shown in figure 1. From PACE-
MAN-HF study, complete data from 72 patients recruited 
during 4 months and followed for 180 days were avail-
able (IG: 32, CG: 40). One hundred patients (IG: 50, 
CG: 50) were recruited in the Hemse study, which was 
more than the required sample-size, but a more prag-
matic design means it is more likely that we experience 
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Table 1 Clinical characteristics at baseline for the Hemse 
study

Hemse
All
n=100

IG
n=50

CG
n=50

P
value

Male gender 65 70 60 n.s.

Age (mean±SD) 78±9 77±9 78±9 n.s.

NYHA I 9 6 12 n.s.

NYHA II 48 48 48

NYHA III 43 46 40

Atrial fibrillation 57 62 52 n.s.

Diabetes mellitus 31 38 24 n.s.

COPD 13 16 10 n.s.

Hypertension 43 26 60 <0.05

CAD 29 34 24 n.s.

Beta-blockers 93 98 88 n.s.

RAS-blockade 93 96 90 n.s.

MRA 37 40 34 n.s.

All numbers presented as per cent unless otherwise noted.
CAD, coronary artery disease; CG, control group; COPD, chronic 
obstructive pulmonary disease; IG, intervention group; MRA, 
mineralocorticoid receptor antagonist; NYHA, New York Heart 
Association; RAS-blockade, renin-angiotensin system blockade 
(angiotensin converting enzyme inhibitor or angiotensin receptor 
blocker); n.s., non-significant.

Table 2 Clinical characteristics at baseline for the 
PACEMAN-HF study

PACEMAN-HF
All
n=72

IG
n=32

CG
n=40

P
value

Male gender 68 66 70 n.s.

Age (mean±SD) 75±8 75±8 76±7 n.s.

NYHA I 0 0 0  

NYHA II 26 38 18 n.s.

NYHA III 74 63 83

Atrial fibrillation 61 47 73 p<0.05

Diabetes mellitus 40 34 45 n.s.

COPD 18 13 23 n.s.

Hypertension 50 56 45 n.s.

CAD 29 28 30 n.s.

Beta-blockers 92 97 88 n.s.

RAS-blockade 74 69 78 n.s.

MRA 31 31 30 n.s.

All numbers presented as per cent unless otherwise noted.
CAD, coronary artery disease; CG, control group; COPD, chronic 
obstructive pulmonary disease; IG, intervention group; MRA, 
mineralocorticoid receptor antagonist; NYHA, New York Heart 
Association; RAS-blockade, renin-angiotensin system blockade 
(angiotensin converting enzyme inhibitor or angiotensin receptor 
blocker); n.s., non-significant.

Figure 1 Participant flow.

higher attrition, so the excess recruitment was deemed 
motivated.21 These patients were analysed separately and 
combined according to groups, such that the IG was 82 
patients and the CG was 90 patients. The groups were 
well balanced after randomisation, both in the separate 
study cohorts (see tables 1 and 2) and in the combined 
data set (see table 3).

In the PACEMAN-HF data set, there were signifi-
cantly more patients in the CG with atrial fibrillation, 
but this difference disappeared in the pooled data set. 

In the Hemse data set, there were significantly more 
patients in the CG with hypertension (HTN) and this 
difference persisted in the pooled data set (see table 3). 
There was also a significant difference in the prescrip-
tion of beta-blockers between the groups, with 98% in 
the IG compared with 88% in the CG, with an average 
of 92% for all patients. On average, 85% were prescribed 
renin-angiotensin system (RAS)-blockade and 34% were 
prescribed mineralocorticoid receptor antagonists, with 
no significant differences between the two groups. The 
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Table 3 Clinical characteristics at baseline for the pooled 
cohort

Pooled
All
n=172

IG
n=82

CG
n=90

P
value

Male gender 66 68 64 n.s.

Age (mean±SD) 77±8 76±8 77±8 n.s.

NYHA I 5 4 7 n.s.

NYHA II 39 44 34

NYHA III 56 52 59

Atrial fibrillation 59 56 61 n.s.

Diabetes mellitus 35 37 33 n.s.

COPD 15 15 16 n.s.

Hypertension 46 38 53 <0.05

CAD 29 32 27 n.s.

Beta-blockers 92 98 88 <0.05

RAS-blockade 85 85 84 n.s.

MRA 34 37 32 n.s.

All numbers presented as per cent unless otherwise noted.
CAD, coronary artery disease; CG, control group; COPD, chronic 
obstructive pulmonary disease; IG, intervention group; MRA, 
mineralocorticoid receptor antagonist; NYHA, New York Heart 
Association; RAS-blockade, renin-angiotensin system blockade 
(angiotensin converting enzyme inhibitor or angiotensin receptor 
blocker); n.s., non-significant.

Figure 2 HF related in-hospital days over time. CG, control group; HF, heart failure; IG, intervention group.

distribution of patients according to New York Heart Asso-
ciation (NYHA) class was 5% NYHA I, 39% NYHA II and 
56% NYHA III with no significant difference between the 
IG and the CG. The distribution of NYHA-classes between 
the two cohorts, however, was significantly different with 
a higher prevalence of NYHA III in the PACEMAN-HF 
and conversely a higher prevalence of NYHA-classes I and 
II in the Hemse-cohort (p<0.01).

Outcomes
In-hospital days
During the intervention period, seven patients died in 
the CG and four in the IG, but the results were non-sig-
nificant (n.s.). There was a total of 960 hospital days regis-
tered for the patients during the 180 days, out of which 
706 were adjudicated as HF-related, with 261 in the IG 
and 445 in the CG, that is, a total difference of 184 days 
(see figure 2). This corresponds to 3.2 days per patient in 
the IG and 4.9 in the CG, or a reduction by 36%, corre-
sponding to 1.8 in-hospital days fewer per patient in the 
IG, at 180 days. The analysis was then adjusted for the 
fact that the patients in the Hemse-cohort were healthier. 
The adjusted log-linear regression yields a risk ratio (RR) 
of RR: 0.71; 95% CI 0.61 to 0.82; p<0.05, equivalent to a 
reduction by 29%. The corresponding results cohort by 
cohort was RR: 0.67; 95% CI 0.45 to 0.99; p<0.05 for the 
Hemse-study (a reduction from 1.2 to 0.8 days per patient 
and 180 days) and RR: 0.72, 95% CI 0.61 to 0.84, p<0.05 
for PACEMAN-HF (corresponding to a reduction from 
9.6 to 6.9 days per patient and 180 days). The unadjusted 
analysis for the pooled data set yields RR: 0.64, 95% CI 
0.55 to 0.75, p<0.05.

Self-care behaviour
Self-care behaviour, as measured with EHFScB-9, 
improved significantly from baseline to follow-up after 
180 days, in the IG. At baseline the score, reported as 
(median; inter-quartile range), was (30; 26–35) and after 
180 days it was (22; 16–27), that is, an improvement by 
27% or eight points, p<0.05. The validated subscale of 
the EHFScB, called consulting behaviour, which indicates 
a patient’s propensity to call his/her HCP in case of wors-
ening symptoms, also showed significant improvement, 
as it went from (16; 12–20) at baseline, to (13; 7–18) 
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Figure 3 Self-care behaviour as EHFScB-9 score at baseline and after 180 days. EHFScB, European Heart Failure Self-care 
Behaviour; HF, heart failure; n.s., non-significant.

after 180 days, which is an improvement by 19% or three 
points, p<0.05.

Adherence to the mHealth-tool
The adherence to the HF-tool, was defined as the number 
of days the patient interacted with the mHealth-tool in 
any way (reading information, weighing themselves or 
reporting symptoms), divided by the number of days they 
had been equipped with the tool. Out of the 82 patients 
equipped with the tool, complete data recorded in the 
tool for the 180 days was available for 65 patients (79%). 
The median system adherence was (94%: 84%−98%). 
The multiple linear regression analysis yields that neither 
age nor gender have a statistically significant influence 
on the adherence and the effect sizes were also small (4% 
and 0.4% for age and gender, respectively). Whether a 
patient lived in a rural or urban area was, however, statis-
tically significant, with an effect size of 17% (p<0.05), in 
favour of patients living in rural areas.

dIsCussIOn
In-hospital days
The effect on in-hospital days in the Hemse study was 
similar to that in the PACEMAN-HF study, and the pooled 
and adjusted analysis also produced a significant result. 
The effect size reported herein is similar to what has been 
previously reported in studies where education, weight 
and/or symptom monitoring diaries and telephone 
support has been evaluated. Cline et al showed a non-sig-
nificant (p=0.07) reduction of in-hospital days by 49% (or 
4.0 days) as a result of an intervention where a weight and 
symptom diary was used together with a flexible diuretics 
regimen, as well as education sessions.22 Doughty et al 
reported a 38% reduction (or 2.2 days) as a result of a 

similar intervention.3 In a study of a nurse led outpatient 
HF clinic, Strömberg et al, showed a 64% reduction of 
in-hospital days (or 2.5 days) over a 12-month period 
and the corresponding number reported after 3 months 
was 45%.23 While these other interventions all included 
counselling with an actual HF nurse, the investigated 
mHealth-tool was fully automatic, which might explain 
the smaller effect size. After this study was performed, a 
non-randomised controlled clinical intervention study 
was performed by Norrtälje hospital (Sweden), evalu-
ating the effect of the mHealth-tool on their HF popula-
tion. The findings have not been published in a peer-re-
viewed journal, but as an abstract at the ESC HF congress 
in Paris, 2017. That study showed similar results as this 
study, and they found a reduction of in-hospital days 
compared with the CG, by 36% after 9 months.24

self-care behaviour and adherence
The changes in self-care behaviour, as measured with the 
EHFScB-9 are similar to findings from Pulignano et al, 
who reported a difference of eight points as an effect of 
attending a HF clinic, but a larger effect than what was 
seen in other studies.23 25–27 The tool was designed for 
elderly patients and patients with multiple comorbidities 
and has the advantage of being accessible whenever the 
patient is ready to seek information, as well as being part of 
every-day routines. The way information is packaged and 
delivered matters greatly in terms of the actual uptake of 
knowledge, and the tool was constructed according what 
was suggested by Coulter in order to be pedagogic and 
user-friendly for this particular population.28 Another 
explanation of the positive results in this present study, 
might be the very high adherence to the tool, which to 
our knowledge is the highest reported system adherence 
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to a home-based system after 180 days for HF patients. 
The fact that neither age nor gender predicted the 
level of adherence, is a positive trait of the mHealth-
tool, as patient involvement is important in behavioural 
change.29 Furthermore, the means by which the patient 
is engaged should be tailored, and the mHealth-tool 
adjusts what educational material is being shown, based 
on how the patient interacts with the system.30 It has also 
been described that access to outpatient HF clinics is less 
common for patients in rural areas, so the finding that 
patients in rural areas tend to have a higher adherence to 
the mHealth-tool is encouraging, as it is important that 
these patients also gain access to the same information 
and education as patients in urban areas.31 32 Although 
speculative, the reason for the higher adherence to 
the mHealth-tool could be that patients tend to follow 
‘doctor’s orders’ to a greater extent in rural areas. We also 
have anecdotal information from coworkers indicating a 
tendency towards ‘care-shopping’ in the capital region 
of Stockholm, where patients actively seek out different 
HCPs to for comparison purposes, whereas in the rural 
communities, patients will to a greater extent always 
see the same doctor and therefore also develop greater 
trust and confidence. We believe this might also influ-
ence the adherence to prescribed treatment and recom-
mendations. The data from this current study confirms 
that a poorer self-care behaviour is present in the rural 
area, compared with the urban areas and an interesting 
finding is that while there was a significant difference in 
self-care behaviour between the two cohorts at baseline, 
that difference disappeared after being exposed to the 
intervention for 180 days, and both cohorts displayed 
significant improvement (see figure 3).

limitations of the study
The Hemse-study was designed to be a realistic real-world 
implementation of the PACEMAN-HF study, and the anal-
yses herein were intended to explore the external validity, 
or generalisability of the existing findings about the 
HF-tool. There are several limitations to both studies and 
also to this pooled analysis, which should be emphasised. 
Even though it was key to the entire research project to 
recruit patients from different settings, it should be noted 
that the treatment, health status and self-care behaviour 
were significantly different between the two cohorts at 
baseline. In the PACEMAN-HF cohort, 74% were NYHA 
class III compared with 43% in the Hemse cohort. 
Only 74% of patients in the PACEMAN-HF cohort were 
receiving RAS-blockade, with the corresponding number 
in the Hemse cohort being 93%. This difference in treat-
ment and health status probably explains why close to 
86% of the HF-related in-hospital days originated from 
the PACEMAN-HF cohort, but another factor that could 
influence this difference is that all patients in the Hemse 
cohort had attended a specialised outpatient HF-clinic, 
which the patients in PACEMAN-HF had not. Both studies 
have, however, reported statistically significant results 
individually before, and the adjusted statistical model 

was introduced to mitigate the effects of this discrepancy. 
Furthermore, all patients had a confirmed HF diagnosis, 
the gender distributions were similar with 68% versus 65% 
male for PACEMAN-HF and Hemse, respectively, and age 
distributions were also similar although the Hemse-pa-
tients were on average 3 years older, with mean ages 78±9 
versus 75±8. Once the data sets were pooled, statistically 
significant differences in prevalence of HTN, as well as 
beta-blockade treatment appeared. This could suggest 
that the CG was under treated and any effect might a least 
in part be attributed to suboptimal medical treatment. 
However, beta-blockers are not the first choice of treat-
ment for hypertensive patients, and therefore this may 
be a manifestation of well-motivated clinical practise. In 
recent years, new evidence has been published to suggest 
a positive association between use of beta-blockers for 
HF patients with hypertensive aetiology and this might 
get an increasing role in treating these patients.33 The 
differences in pharmacological treatment, as well as the 
age-difference, could be a sign of a higher prevalence 
of HF with preserved ejection-fraction in the Hemse-co-
hort. It is a limitation that no self-care data were collected 
from the CG in the Hemse-study, which could have added 
statistical power to the findings presented herein relating 
to the EHFScB-9.

COnClusIOn
We claim that the Hemse-study, with its similarities and 
differences to PACEMAN-HF, adds a valuable piece to 
the puzzle, when trying to ascertain whether the investi-
gated mHealth-tool might be relevant for a wider group 
of HF patients in a general setting, and second, that it 
adds to the body of knowledge in this field to perform a 
pooled analysis. Our conclusion is that the mHealth-tool, 
primarily through its ease of use and successful means of 
getting through to the patient, can be an asset in current 
HF treatment and may be a way to assist in providing 
equal care to patients in rural areas or without access to 
outpatient HF clinics.
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