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Abstract

Background—The popularity of mobile phones and similar mobile devices makes it an ideal 

medium for delivering interventions. This is especially true with heart failure (HF) interventions, 

in which mHealth-based HF interventions are rapidly replacing their telephone-based 

predecessors.

Purpose—This systematic review examined the impact of mHealth-based HF management 

interventions on HF outcomes. The specific aims of the systematic review are to: (1) describe 

current mHealth-based HF interventions and (2) discuss the impact of these interventions on HF 

outcomes.

Methods—PubMed, CINAHL Plus, Embase, PsycINFO, and Scopus were systematically 

searched for randomized controlled trials or quasi-experimental studies that tested mHealth 

interventions in people with HF using the terms Heart Failure, Mobile Health, mHealth, 

Telemedicine, Text Messaging, Texting, Short Message Service, Mobile Applications, and Mobile 
Apps.

Conclusions—Ten articles, representing nine studies, were included in this review. Majority of 

the studies utilized mobile health technology as part of a HF monitoring system, which typically 

included a blood pressure measuring device, weighing scale, and an ECG recorder. The impact of 

the mHealth interventions on all-cause mortality, cardiovascular mortality, HF-related 

hospitalizations, length of stay, NYHA functional class, LVEF, quality of life, and self-care were 

inconsistent at best.

Implications—Further research is needed to conclusively determine the impact of mHealth 

interventions on HF outcomes. The limitations of the current studies (e.g. inadequate sample size, 

quasi-experimental design, use of older mobile phone models, etc.) should be taken into account 

when designing future studies.
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Background

In the United States, 5.1 millions adults have heart failure (HF)1 and approximately $31 

billion are spent annually in HF-related costs2. The majority of HF-related costs are 

attributed to hospitalizations,2 which are most often the result of poor HF self-management. 

The complexity of HF self-management contributes to the poor adherence to recommended 

HF treatment plans and, ultimately, to frequent hospitalizations.

Telemedicine, or the use of information and communication technology to bridge the 

distance barrier in order to improve health outcomes, was first coined in the 1970s.3 In 

cardiology, early forms of telemedicine involved the transmission of electrocardiograph data 

over telephone lines.4 In HF management, the use of technology in monitoring patients’ 

conditions remotely or telemonitoring, were first tested in the late 1990s.5 Eventually, as 

technology evolved so did its health-related applications.

As mobile phones became more ubiquitous, researchers started to turn their attention to the 

utility of mobile phones and similar portable devices in health-related interventions. It is 

estimated that 90% of adult Americans have mobile phones and 58% have smartphones.6 

The popularity of the mobile phone and its rapidly increasing computing capabilities, makes 

it an ideal tool for delivering health care. mHealth, or the use of mobile technologies in the 

delivery of healthcare services to support the achievement of health objectives,7 first 

appeared in publication in 2003 and has since seen an exponential increase in usage.8 

mHealth has been utilized in managing other chronic diseases such diabetes,9,10 

hypertension,11,12 and chronic obstructive pulmonary disease13; wherein, it has been shown 

to decrease HbA1c,9,10 decrease blood pressure,11,12 and increase exercise capacity,13 

respectively.

While there have been several systematic reviews of the use of technology in HF 

management they were focused on older telephone-based technology, 5,14–17 which, with the 

advent of the mobile phone, has been rendered near obsolete.18 Therefore a systematic 

review focusing on current mobile health technology is warranted. The purpose of this 

systematic review is to examine the impact of HF management interventions using mHealth 

technology on HF outcomes. Specifically, this systematic review aims to (1) describe current 

mHealth-based HF interventions and (2) discuss the impact of these interventions on HF 

outcomes.

Methods

Five databases (PubMed, CINAHL Plus, Embase, PsycINFO, and Scopus) were 

systematically searched for relevant studies with the help of a medical librarian. The 

following search terms were used: Heart Failure, Cardiac Failure, Heart Decompensation, 
Myocardial Failure, Congestive Heart Failure, Mobile Health, mHealth, Telemedicine, Text 
Messaging, Texting, Short Message Service, Text Messages, Mobile Applications, Mobile 
Apps, and Mobile App. Studies were included if they met the following criteria: (1) used a 

randomized control trial or a quasi-experimental design, (2) tested an intervention using a 

mobile device (by itself or as part of a system), (3) included HF patients ≥18 years, and (4) 

Cajita et al. Page 2

J Cardiovasc Nurs. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



published in English. Studies were excluded if they tested a traditional telephone-based HF 

intervention and only had abstracts or study protocols available. Only relevant articles 

published before June 5, 2015 were included in this systematic review.

The initial database search yielded 1882 citations. After the predefined filters (i.e. age, 

language) were applied, 706 citations remained. 488 abstracts remained after duplicates 

were removed and were then subsequently reviewed for their relevance. Following the 

abstract review, full-text evaluations of the remaining 77 articles were conducted, which 

resulted in the inclusion of 9 articles. A manual search of the references of the included 

articles yielded 1 additional relevant study. A total of 10 articles, representing 9 studies (i.e. 

two articles19,20 were on the same intervention but reported on different outcomes), were 

included in this systematic review (Figure 1).

The Cochrane Collaboration’s tool for assessing risk of bias was used to appraise the rigor 

of the included studies.21 The tool assesses for risk of selection bias, performance bias, 

detection bias, attrition bias, and reporting bias. Risk assessments can be presented in the 

form of a pictograph and/or a table containing the risk ratings (high risk, low risk, or unclear 

risk) alongside the reviewers’ rationales.21 Two reviewers independently assessed the rigor 

of the included studies with a 91% agreement rate (Kappa 0.86, P <0.001); discrepancies 

were discussed then reconciled. Inter-rater agreement was calculated using Stata 13 

(StataCorp LP, College Station, Texas, USA). The first author performed the data extraction 

and the second author reviewed the data extraction table for accuracy. The heterogeneity of 

the mHealth interventions and the measured outcomes (i.e. all-cause/cardiovascular 

mortality, HF hospitalizations, length of stay, New York Heart Association (NYHA) 

functional class, left ventricular ejection fraction (LVEF), quality of life, and self-care) 

precluded the conduct of a meta-analysis; hence, a systematic review with descriptive 

synthesis was performed and quantitative results from the individual studies are presented to 

support the narrative.

Results

Key characteristics of the included studies are summarized in Table 1. Six of the nine studies 

included in this review were randomized control trials and the remaining studies utilized a 

quasi-experimental design. Only three of the studies reported the racial composition of their 

study sample (overall, 68% White, 18% Black, 14% other race) and all were conducted in 

North America.22–24 The remaining 6 studies were conducted in Europe and Australia. 

Study duration ranged from 4 weeks to 24 months. The number of study participants ranged 

from 6 to 710 totaling 1777 participants. The mean age of the study participants was 61.3 

years. The majority of the study participants (81.1%) were male. The mean LVEF of the 

study samples was 29.1%. On average, <1% of the study participants were in NYHA 

functional class I, 44.5% were in class II, 53.7% were in class III, and the remaining 1.5% 

were in class IV.

The results of the bias risk assessments are depicted in Figure 2 and Figure 3. Overall, the 

methodological rigor of the included studies was moderate. Although two studies19,20,25 had 

low risk of bias in all categories, majority of the studies had a high risk for bias in at least 
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one bias category. Additionally, majority of the studies failed to provide enough information 

to allow for a complete assessment of their risk of bias (i.e. unclear risk of bias).

Characteristics of Current mHealth Interventions

Key characteristics of the mHealth interventions are summarized in Table 2. The majority of 

the studies (8 of 9) used mobile devices as part of a larger HF monitoring system, which 

typically included a blood pressure measuring device, 16,18,20–22,26 weighing scale,24,26,19,20 

electrocardiogram (ECG) recorder, 24,19,27 or an implantable defibrillator equipped with a 

heart rhythm monitoring function25. Only one study used mHealth as a stand-alone 

intervention.23 Nundy et al. used the mobile phone to deliver daily HF education messages 

to their study participants via text messaging.23 In the studies, various mediums were used to 

transmit data including mobile phones (n=5),23,24,28,29 small wireless devices (n=2),19,25 or 

tablets (n=2).22,26

Seven of the eight mHealth monitoring systems utilized a central monitoring center/

platform; five allowed for automatic data transfer between the participants and the 

monitoring center,22,24,19,27,25 while the remaining two required the participants to manually 

input and transfer their data to the monitoring center.28,29 Four of the monitoring systems 

utilized algorithms to determine whether the patients’ values were outside their predefined 

limits,22,24,28,29 which would then trigger an alert message to be sent to the participants’ 

physicians.24,28,29 Meanwhile, two of the studies had trained nurses and physicians in their 

central monitoring centers who regularly monitored the participants’ status.19,25 The 

remaining study did not specify who/what performed the data monitoring.27 Additionally, 

only three of the studies utilized a structured approach in contacting participants regarding 

their status,22,19,27 the remaining studies made it optional for the physicians to contact their 

patients.24,28,29,25

Impact of mHealth Interventions on HF Outcomes

Table 3 summarizes the impact of the mHealth interventions on HF outcomes assessed in 

two or more studies including mortality (all-cause and cardiovascular specific), HF 

hospitalizations, length of stay, NYHA functional class, LVEF, quality of life, and self-care. 

Outcomes that were measured in only one study (e.g. walked distance, perceived exertion, b-

type natriuretic peptide level) were not selected due to the limitation in comparing findings 

across studies. The impact of the mHealth interventions on all-cause mortality was mixed. 

One study reported a lower mortality rate for the intervention group (hazard ratio 0.36, 95% 

confidence interval 0.17–0.74, P=0.004),25 while another study had no difference in 

mortality rates between their study groups (hazard ratio 0.97, 95% confidence interval 0.67–

1.41, P=0.87).19 It should be noted that the study by Hindricks et al. utilized an invasive 

monitoring system (implantable defibrillator with monitoring function)25 while the study by 

Koehler et al. utilized a non-invasive, daily monitoring system.19 Similarly, the impact of the 

mHealth interventions on cardiovascular mortality was mixed, with the invasive monitoring 

system resulting in a lower mortality rate for the intervention group (hazard ratio 0.37, 95% 

confidence interval 0.16–0.83, P=0.012)25 while the non-invasive monitoring system showed 

no difference in cardiovascular mortality rates between the study groups (hazard ratio 0.86, 

95% confidence interval 0.56–1.31, P=0.49)19. Meanwhile, both invasive and non-invasive 
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monitoring systems showed no significant difference in the number of HF-related 

hospitalizations between their study groups.22,19,25 Four of the six studies that examined the 

impact of their interventions on the length of hospital stay reported no significant differences 

between their study groups,22,24,19,25 while the remaining two studies reported significantly 

shorter lengths of stay for the intervention group compared to the control group.26,29

The impact of mHealth interventions on the patients’ NYHA functional class was 

inconclusive. Three studies reported no significant differences in NYHA class composition 

between their study groups post-intervention.24,19,25 Two studies reported significant 

improvements in mean/median NYHA class for their intervention groups.29,27 In the study 

by Piotrowicz et al., the mean NYHA class for the intervention group post-intervention was 

2.1 vs. 2.3 for the control group (P=0.007).27 Similarly, in the study by Scherr et al. (2009) 

the median NYHA class improved from 3 to 2 in the intervention group only (P< 0.001).29 

Finally, the quasi-experimental study by Scherr et al. (2006), reported an improvement in 

mean NYHA class from 2.3 to 1.8.28 However, the lack of a control group makes it difficult 

to ascertain whether this improvement is the result of the mHealth intervention or an 

unidentified confounder. Similarly, the same study28 reported an improvement in the mean 

LVEF of their study participants, while two other studies found no significant difference in 

the improvements in LVEF between their study groups.24,29

Two of the five studies that measured quality of life used the Short Form (SF) 36 Health 

Survey,19,27 two studies used the Minnesota Living with Heart Failure Questionnaire 

(MLHFQ),22,24 and the remaining study used the SF-36 and the Kansas City 

Cardiomyopathy Questionnaire (KCCQ) to measure quality of life.26 Koehler et al. reported 

an improved score for the SF-36 physical functioning in the intervention group (P=0.01).19 

Similarly, Seto et al. found a significant improvement in overall quality of life for their 

intervention group (−8.9 vs. −0.5, P=0.05).24 On the other hand, Hagglund et al. reported no 

significant difference in QOL between their study groups using the SF-36; however, they 

found a significant improvement in quality of life for their intervention group using the 

KCCQ.26 Piotrowicz et al. found no significant difference in the improvement in quality of 

life between the home-based cardiac rehabilitation group and the standard cardiac 

rehabilitation group (−8.8 vs. −12.4, P=0.0001).27 Finally, Zan et al. also found no 

significant difference in the pre- and post-intervention quality of life scores (P= .55).22

Finally, the impact of mHealth interventions on HF self-care was also mixed. Two23,24 of the 

three studies that measured self-care used the Self-Care of Heart Failure Index, while the 

remaining study26 used the European Heart Failure Self-Care Behavior Scale. One 

randomized controlled study reported no significant difference between their study groups,24 

while another randomized controlled trial reported significant improvement in self-care in 

their intervention group.26 Similarly, a quasi-experimental study found significant 

improvements in self-care maintenance (+28 points, 95%CI 15–42, P=0.003) and self-care 

management (+30 points, 95%CI 17–42, P=0.002). However, the quasi-experimental study 

lacked a control group, which makes it difficult to conclusively associate the improvement in 

self-care with the mHealth intervention.
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Discussion

Majority of the studies used mHealth technology to monitor the patients’ HF status. The 

most commonly used monitoring intervention consisted of a mobile communication device, 

a blood pressure measuring device, a weighing scale, and an ECG recorder. While most of 

the monitoring systems utilized a central monitoring center, how the monitoring was done 

and to what intensity greatly varied among the interventions. Two studies employed trained 

health professionals (nurses and physicians) to monitor the patients’ data while four studies 

used algorithms to generate alert messages in case the patients’ values were outside their 

predefined limits. Finally, most of the interventions were limited to monitoring the patients’ 

HF status and left the actual care of the patients (i.e. responding to the patients’ change in 

status) to their own physicians.

Similar to traditional telemonitoring interventions,16 the impact of an mHealth-based 

monitoring system on HF outcomes was inconclusive. A systematic review of multi-modal 

telemonitoring technologies also found inconsistent evidence on the impact of 

telemonitoring on HF outcomes (e.g. HF hospitalizations, length of stay, quality of life, self-

care), which precluded a definitive conclusion of their positive impact.17 On the other hand, 

another systematic review focused on HF telemanagement concluded that the use of 

telehealth technologies in remotely managing HF patients had a positive impact on 

healthcare utilization, care costs, and quality of life.14 Taking these opposing review findings 

into consideration, one can infer that simply using these technologies to remotely monitor 

HF patients may not be as effective as using them to remotely manage the patients’ HF 

symptoms. Hence, mHealth technology could potentially see similar positive results if 

utilized beyond simple remote monitoring.

Furthermore, the inconclusive study findings could be attributed, in part, to the varying 

ranges of methodological rigor. For example, in the Koehler et al. study, the authors noted 

lack of power and the characteristics of their study sample (relatively stable with optimal 

treatment) as possible reasons for no intervention effect on all-cause and cardiovascular-

related mortality rates.30 Therefore, they recommended that future studies should target HF 

sub-populations that would most likely benefit from this intervention.20 Hindricks et al., 

whose study sample was similar to that of Koehler et al. in terms of baseline HF status and 

medication regimen, found significantly lower mortality rates in their intervention group. 

However, it should be noted that Hindricks et al. used an invasive monitoring intervention 

(implantable defibrillator), which allowed for a much earlier detection of heart arrhythmias 

and worsening symptoms. Such finding suggests that monitoring HF symptoms once a day 

might not be sufficient to detect a worsening HF status, particularly among HF patients with 

higher acuity.

Another important aspect of interventions that needs to be taken into consideration is the 

response to the alerts generated by the systems. Among the three studies that provided data 

on the number of alerts generated and the subsequent response taken, a total number of 3278 

alerts were generated; however, patients were contacted only 39% (range: 29% – 52%) of 

the time.24,29,25 Additionally, only one study reported their median reaction time (median: 1 

day, interquartile range: 0–6). 23 It is not known how many of these alerts were false 
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positives. However, the low response rate to the alerts could be a potential factor as to why 

no significant differences were seen in HF outcomes between those that received the 

intervention and those in the control group.

Lastly, among the studies that reported participant adherence only one study achieved 100% 

adherence to their mHealth-based intervention.27 One study had over 20% of their 

intervention group fail to even start the intervention due to difficulties in operating their 

mobile phone’s Internet browser29 and another study reported a 60% attrition rate, the 

majority (57%) of which were lost due to technology issues.23 Among the studies that saw 

better adherence rates, one study still lost participants in their intervention group due to 

technical difficulties.24 The variability in participant adherence could be another potential 

contributor to the non-significant differences in HF outcomes between the study groups.

As with any systematic reviews, the quality of this review is dependent upon the quality of 

the included studies. Additionally, the small number of studies included could be seen as a 

limitation; however, this was unavoidable considering the novelty of mHealth interventions 

in HF management. Finally, the heterogeneity of the interventions and the measured 

outcomes precluded the performance of a meta-analysis; thus, limiting the rigor of this 

review. However, the critical assessment of the quality of the included studies using the 

Cochrane tool and the extensive, systematic search process conducted under the guidance of 

an expert medical librarian strengthened the quality of this review.

Conclusion

Majority of the mHealth-based HF interventions used mobile health technology to remotely 

monitor the patients’ HF status. The typical remote monitoring system included a mobile 

communication device, a blood pressure measuring device, a weighing scale, and an ECG 

recorder. The impact of the mHealth-based HF interventions on HF-related outcomes was 

mixed, highlighting the need for further research.

Acknowledgments

We would like to thank Ms. Stella Seal (medical librarian) for assisting with the database search.

Funding:

Maan Isabella Cajita and Kelly T. Gleason are supported by a predoctoral fellowship in Interdisciplinary Training in 
Cardiovascular Health Research (NIH/NINR T32 NR012704)

References

1. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke statistics--2014 update: a report 
from the American Heart Association. Circulation. 2014; 129(3):e28–e292.10.1161/01.cir.
0000441139.02102.80 [PubMed: 24352519] 

2. Heidenreich PA, Albert NM, Allen LA, et al. Forecasting the impact of heart failure in the United 
States: a policy statement from the American Heart Association. Circ Heart Fail. 2013; 6(3):606–
19.10.1161/HHF.0b013e318291329a [PubMed: 23616602] 

3. WHO. Telemedicine: Opportunities and developments in Member States. Geneva: 2009. 

4. Zundel KM. Telemedicine: history, applications, and impact on librarianship. Bull Med Libr Assoc. 
1996; 84(1):71–79. [PubMed: 8938332] 

Cajita et al. Page 7

J Cardiovasc Nurs. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Louis AA, Turner T, Gretton M, Baksh A, Cleland J. A systematic review of telemonitoring for the 
management of heart failure. Eur J Heart Fail. 2003; 5:583–590.10.1016/S1388-9842 [PubMed: 
14607195] 

6. Pew Research Center. [Accessed January 1, 2015] Mobile technology fact sheet. 2014. Available at: 
http://www.pewinternet.org/fact-sheets/mobile-technology-fact-sheet/

7. Merrell RC, Doarn CR. m-Health. Telemed e-Health. 2014; 20(2):99–101.10.1089/tmj.2014.9997

8. Casson, AJ.; Leder, RS. The many different ways of saying mobile_: the natural history of mHealth 
at EMBC. Paper presented at: Engineering in Medicine and Biology Society (EMBC), 2013 Annual 
International Conference of the IEEE; July 5, 2013; Osaka, Japan. http://embc.embs.org/files/
2013/0561_FI.pdf

9. Bell A, Fonda S, Walker M, Schmidt V, Vigersky R. Mobile phone-based video messages for 
diabetes self-care support. J Diabetes Sci Technol. 2012; 6(2):310–319. [PubMed: 22538140] 

10. Franklin VL, Greene A, Waller A, Greene SA, Pagliari C. Patients’ engagement with “Sweet Talk” 
- a text messaging support system for young people with diabetes. J Med Internet Res. 2008; 
10(2):e20–e20. [PubMed: 18653444] 

11. Kiselev AR, Gridnev VI, Shvartz VA, Posnenkova OM, Dovgalevsky PY. Active ambulatory care 
management supported by short message services and mobile phone technology in patients with 
arterial hypertension. J Am Soc Hypertens. 2012; 6(5):346–355.10.1016/j.jash.2012.08.001 
[PubMed: 22995803] 

12. Morikawa N, Yamasue K, Tochikubo O, Mizushima S. Effect of salt reduction intervention 
program using an electronic salt sensor and cellular phone on blood pressure among hypertensive 
workers. Clin Exp Hypertens. 2011; 33(4):216–222.10.3109/10641963.2011.583966 [PubMed: 
21699447] 

13. Liu W, Wang C, Lin H, et al. Efficacy of a cell phone-based exercise programme for COPD. Eur 
Respir J. 2008; 32(3):651–659.10.1183/09031936.00104407 [PubMed: 18508824] 

14. Kleinpell RM, Avitall B. Telemanagement in Chronic Heart Failure. Dis Manag Heal Outcomes. 
2005; 13(1):43–52.10.2165/00115677-200513010-00005

15. Martinez A, Everss E, Rojo-Alvarez JL, Figal DP, Garcia-Alberola A. A systematic review of the 
literature on home monitoring for patients with heart failure. J Telemed Telecare. 2006; 12(5):234–
241. [PubMed: 16848935] 

16. Chaudhry SI, Phillips CO, Stewart SS, et al. Telemonitoring for patients with chronic heart failure: 
a systematic review. J Card Fail. 2007; 13(1):56–62. [PubMed: 17339004] 

17. Maric B, Kaan A, Ignaszewski A, Lear SA. A systematic review of telemonitoring technologies in 
heart failure. Eur J Heart Fail. 2009; 11(5):506–517. [PubMed: 19332417] 

18. Pew Research Center. [Accessed March 30, 2015] Emerging nations embrace internet, mobile 
technology. 2014. Available at: http://www.pewglobal.org/files/2014/02/Pew-Research-Center-
Global-Attitudes-Project-Technology-Report-FINAL-February-13-20147.pdf

19. Koehler F, Winkler S, Schieber M, et al. Impact of remote telemedical management on mortality 
and hospitalizations in ambulatory patients with chronic heart failure: the telemedical 
interventional monitoring in heart failure study. Circulation. 2011; 123(17):1873–1880.10.1161/
CIRCULATIONAHA.111.018473 [PubMed: 21444883] 

20. Koehler F, Winkler S, Schieber M, et al. Telemedicine in heart failure: Pre-specified and 
exploratory subgroup analyses from the TIM-HF trial. Int J Cardiol. 2012; 161(3):143–
150.10.1016/j.ijcard.2011.09.007 [PubMed: 21982700] 

21. Higgins JPT, Altman DG, Gotzsche PC, et al. The Cochrane Collaboration’s tool for assessing risk 
of bias in randomised trials. Bmj. 2011; 343(oct18 2):d5928–d5928.10.1136/bmj.d5928 [PubMed: 
22008217] 

22. Zan S, Agboola S, Moore SA, Parks KA, Kvedar JC, Jethwani K. Patient Engagement With a 
Mobile Web-Based Telemonitoring System for Heart Failure Self-Management: A Pilot Study. 
JMIR mHealth uHealth. 2015; 3(2):e33.10.2196/mhealth.3789 [PubMed: 25842282] 

23. Nundy S, Razi RR, Dick JJ, et al. A text messaging intervention to improve heart failure self-
management after hospital discharge in a largely African-American population: Before-after study. 
J Med Internet Res. 2013; 15(3):122–131. Available at. 10.2196/jmir.2317

Cajita et al. Page 8

J Cardiovasc Nurs. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.pewinternet.org/fact-sheets/mobile-technology-fact-sheet/
http://embc.embs.org/files/2013/0561_FI.pdf
http://embc.embs.org/files/2013/0561_FI.pdf
http://www.pewglobal.org/files/2014/02/Pew-Research-Center-Global-Attitudes-Project-Technology-Report-FINAL-February-13-20147.pdf
http://www.pewglobal.org/files/2014/02/Pew-Research-Center-Global-Attitudes-Project-Technology-Report-FINAL-February-13-20147.pdf


24. Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Mobile phone-based 
telemonitoring for heart failure management: a randomized controlled trial. J Med Internet Res. 
2012; 14(1):e31.10.2196/jmir.1909 [PubMed: 22356799] 

25. Hindricks G, Taborsky M, Glikson M, et al. Implant-based multiparameter telemonitoring of 
patients with heart failure (IN-TIME): a randomised controlled trial. Lancet. 2014; 384(9943):
583–90.10.1016/S0140-6736(14)61176-4 [PubMed: 25131977] 

26. Hägglund E, Lyngå P, Frie F, et al. Patient-centered home-based management of heart failure_: 
Findings from a randomized clinical trial evaluating a tablet computer for self-care, quality of life 
and effects on knowledge. Scand Cardiovasc J. 201510.3109/14017431.2015.1035319

27. Piotrowicz E, Baranowski R, Bilinska M, et al. A new model of home-based telemonitored cardiac 
rehabilitation in patients with heart failure: effectiveness, quality of life, and adherence. Eur J 
Heart Fail. 2010; 12(2):164–171.10.1093/eurjhf/hfp181 [PubMed: 20042423] 

28. Scherr D, Zweiker R, Kollmann A, Kastner P, Schreier G, Fruhwald FM. Mobile phone-based 
surveillance of cardiac patients at home. J Telemed Telecare. 2006; 12(5):255–
261.10.1258/135763306777889046 [PubMed: 16848939] 

29. Scherr D, Kastner P, Kollmann A, et al. Effect of home-based telemonitoring using mobile phone 
technology on the outcome of heart failure patients after an episode of acute decompensation: 
randomized controlled trial. J Med Internet Res. 2009; 11(3):e34.10.2196/jmir.1252 [PubMed: 
19687005] 

30. Cleland JGF, Louis AA, Rigby AS, Janssens U, Balk AHMM. Noninvasive home telemonitoring 
for patients with heart failure at high risk of recurrent admission and death: the Trans-European 
Network-Home-Care Management System (TEN-HMS) study. J Am Coll Cardiol. 2005; 45(10):
1654–64.10.1016/j.jacc.2005.01.050 [PubMed: 15893183] 

Cajita et al. Page 9

J Cardiovasc Nurs. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Implications for Practice and Future Research

Currently, the inconsistent impact of mHealth-based interventions on HF outcomes limits 

their utility in clinical practice. Findings from this systematic review suggest that further 

studies are critically needed to conclusively determine the impact of mHealth 

interventions on HF outcomes. Researchers should consider the limitations of the current 

studies (e.g. inadequate sample size, quasi-experimental design, use of older mobile 

phone models, etc.) when designing future studies. Additionally, researchers should 

involve representatives of their target population (i.e. people with HF) in the development 

stage in order to inform the design of their patient-device interface considering that a 

number of participants still had difficulties with the interventions despite the reported 

acceptable overall adherence to the current mHealth interventions. Furthermore, ease of 

use is just one factor that can affect adherence; other facilitators and barriers that 

influence adoption of mHealth interventions should also be examined. Lastly, studies 

should also consider performing cost-benefit analyses in order to determine whether 

mHealth HF interventions are cost-effective.
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What’s New?

• Current mHealth-based interventions, which typically include a mobile 

communication device, a blood pressure measuring device, a weighing scale, 

and an ECG recorder, were utilized to remotely monitor HF patients.

• Overall, the impact of current mHealth interventions on HF outcomes, such as 

mortality, HF-related hospitalizations, length of hospital stay, NYHA functional 

class, LVEF, quality of life, and HF self-care, was inconclusive, which 

underscores the need for further research.
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Figure 1. 
Diagram of search and retrieval process. HF indicates heart failure
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Figure 2. 
Risk of Bias Assessment
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Figure 3. 
Risk of Bias Assessment Summary
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Table 1

Study Characteristics

First Author (Year)
Country

Study Design
Study Duration

Sample (Size & 
Description) Intervention/ Control Group Limitations

Hagglund (2015)
Sweden

RCT, multicenter
3 months

N = 72 (IG: 32, CG: 
40)
Mean:
Age: IG 75y; CG 76y
Male: IG 21 (66%)
 CG 28 (70%)
LVEF: IG 34%; CG 
38%
NYHA:
II: IG 12 (38%)
 CG 7 (18%)
III: IG 20 (62%)
 CG 33 (82%)

IG: Self monitoring of weight 
and symptoms; HF information 
sheet; support access
CG: HF information sheet; 
support access

• 23.8% attrition in 
the IG, which was 
not included in the 
analyses

Hindricks (2014)
Australia, Israel, 
Europe

RCT, multicenter
12 months

N= 664 (IG: 333, CG: 
331)
Mean:
Age: IG 65y; CG 66y
Male: IG 274 (82%), 
CG 262 (79%)
LVEF: IG 26%; CG 
26%
NYHA:
II: IG 150 (45%); CG 
135 (41%)
III: IG 182 (55%); CG 
196 (59%)

IG: Remote monitoring of heart 
rhythms
CG: standard of care according 
to European guidelines

• No blinding to 
treatment allocation

• Treatment after 
remote monitoring 
observations were 
not standardized 
nor were the 
clinical actions 
recorded

Koehler (2011)
Koehler (2012)
Germany

RCT, multicenter
24 months

N = 710 (IG: 354, CG: 
356)
Mean:
Age: IG 67y, CG 67y
Male: IG 285 (81%), 
CG 292 (82%)
LVEF: IG 27 %; CG 
27%
NYHA:
II: IG 176 (50%); CG 
180 (51%)
III: IG 178 (50%); CG 
176 (49%)

IG: Remote monitoring of ECG, 
blood pressure, and body weight
CG: usual care according to 
current treatment guidelines for 
heart failure

• Low statistical 
power to detect 
clinically 
significant 
difference in 
mortality

• No information 
were collected on 
the number of 
patients who were 
prescreened and 
who were not 
enrolled in the trial

Nundy (2013)
USA

Quasi-
experimental (no 
control group), 
single center
4 weeks

N=15 enrolled → 6 
completed study
Mean: (N=15)
Age: 50y
Male: 9 (60%)
Race: Black 14 (93%)
LVEF: 22%

Heart failure education and 
reminders via text messages

• Very small sample 
size with high 
attrition rate

• No control group

• Lack of CG 
precludes the 
determination of 
whether the 
improvements 
could be from clinic 
visits during the 
course of the 
intervention and/or 
simply 
improvement in 
health status

Piotrowicz (2010)
Poland

RCT, single center
8 weeks

N = 152 (IG: 77, CG: 
75)
→ 131 (IG: 75, CG: 
56)
Mean: (N=131)

IG: Home-based remotely 
monitored cardiac rehabilitation; 
patient education; psychological 
support

• Small sample size

• Relative short 
duration of the 
study
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First Author (Year)
Country

Study Design
Study Duration

Sample (Size & 
Description) Intervention/ Control Group Limitations

Age: IG 56y, CG 61y
Male: IG 64 (85%), 
CG 53 (95%)
LVEF: IG 30%; CG 
31%
NYHA:
II: IG 37 (49%), CG 
31 (55%)
III: IG 38 (51%), CG 
25 (45%)

CG: standard cardiac 
rehabilitation; patient education; 
psychological support

• Lack of real-time 
ECG monitoring 
during remotely 
monitored 
rehabilitation

Scherr (2006)
Austria

Quasi-
experimental (no 
comparison 
group), single 
center
90 days

N = 14
Mean:
Age: 53y
Male: 13 (93%)
LVEF: 32%
NYHA:
II: 10 (71%)
III: 4 (29%)

Remote automated monitoring of 
blood pressure and body weight

• Small sample size

• No control group

Scherr (2009)
Austria

RCT
6 months

N = 120 (IG: 66, CG 
54) → 78 (IG: 42, CG: 
36)
Mean: (N=108)
Age: IG 65y, CG 67y
Male: IG 40 (74%), 
CG 39 (72%)
LVEF: IG 25%, CG 
29%
NYHA:
II: IG 7 (13%), CG 7 
(13%)
III: IG 33 (61%), CG 
37 (69%)
IV: IG 14 (26%), CG 
10 (19%)

IG: Remote automated 
monitoring of blood pressure and 
body weight; pharmacological 
treatment
CG: pharmacological treatment

• Small sample size

• Premature 
termination of 
randomization 
because of relevant 
technological issues

• 12 “never 
beginners”

Seto (2012)
Canada

RCT, single center
6 months

N= 100 (IG 50, CG 
50)
Only 82 returned pre-
post questionnaires
Mean:
Age: IG 55y, CG 52y
Male: IG 41 (82%), 
CG 38 (76%)
LVEF: IG 27%, CG 
27%
NYHA:
II: IG 21 (42%), CG 
22(44%)
II/III: IG 6 (12%), CG 
5 (10%)
III: IG 21 (42%), CG 
21 (42%)
IV: IG 2 (4%), CG 2 
(4%)

IG: Remote automated 
monitoring of ECG, blood 
pressure, and body weight; 
standard care
CG: standard care (clinic visits 
once every 2 weeks to once every 
3 to 6 months, heart failure 
education)

• Small sample size

• 1/3 of the IG used 
the intervention for 
a number of weeks 
before completing 
baseline 
questionnaire

• Potential for recall 
bias and 
obsequiousness bias

Zan (2015)
USA

Quasi-
experimental 
(using a 1:1 
matched control 
group by age, 
gender, race, and 
diagnosis), single 
center
90 days

N = 21 (20 analyzed)
Mean:
Age: IG 53y; CG: 53y
Male: IG 15 (71%), 
CG 14 (70%)
LVEF: IG 35%
NYHA:
I: 5 (24%)
II: 9 (43%)
III: 7 (33%)

IG: Remote monitoring of 
weight, blood pressure, and heart 
rate

• Small sample size

• Potential selection 
bias due to 
purposeful 
sampling

• Predominantly 
married, white male 
sample

RCT- Randomized Control Trial, IG- Intervention Group, CG- Control Group, LVEF- Left Ventricular Ejection Fraction, NYHA – New York Heart 
Association
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