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Abstract Slowing down the progression of chronic kidney
disease (CKD) and its adverse health outcomes requires the
patient’s self-management and attention to treatment recom-
mendations. Information technology (IT)–based interventions
are increasingly being used to support self-management in
patients with chronic diseases such as CKD. We conducted a
systematic review of randomized controlled trials (RCTs) to
assess the features and effects of IT-based interventions on
self-management outcomes of CKD patients. A comprehen-
sive search was conducted in Medline, Scopus, and the
Cochrane Library to identify relevant papers that were pub-
lished until May 2016. RCT Studies that assessed at least one
automated IT tool in patients with CKD stages 1 to 5, and
reported at least one self-management outcomewere included.
Studies were appraised for quality using the Cochrane Risk of
Bias assessment tool. Out of 12,215 papers retrieved, eight
study met the inclusion criteria. Interventions were delivered
via smartphones/personal digital assistants (PDAs) (three

studies), wearable devices (three studies), computerized sys-
tems (one study), and multiple component (one study). The
studies assessed 15 outcomes, including eight clinical out-
comes and seven process of care outcomes. In 12 (80%) of
the 15 outcomes, the studies had revealed the effects of the
interventions as statistically significant positive. These posi-
tive effects were observed in 75% of the clinical outcomes and
86% of the process of care outcomes. The evidence indicates
the potential of IT-based interventions (i.e. smartphones/
PDAs, wearable devices, and computerized systems) in self-
management outcomes (clinical and process of care out-
comes) of CKD patients.
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Introduction

Chronic Kidney Disease (CKD) is a prolonged and debilitat-
ing disease that currently affects 13.4% of the population
worldwide [1]. In most cases, this disease has comorbid
chronic conditions or multi-morbidities such as diabetes, hy-
pertension and cardiovascular diseases, which add to the com-
plexity of the treatment process [2, 3]. The poor care of CKD
leads to kidney failure, which requires costly treatments such
as dialysis or transplant and is known to be one of the expen-
sive contemporary diseases [4].

Slowing down the progression of CKD and its adverse
health outcomes requires the patient’s self-management and
attention to complex treatment recommendations such as
blood sugar and blood pressure (BP) monitoring, maintaining
physical activity, changing nutrition patterns, and adherence
to medication regimens [5]. Self-management interventions in
CKD patients have led to positive outcomes such as
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improvement in symptoms and complications, enhanced self-
care knowledge, ability and behavior, improved health-related
quality of life (HRQOL), time to initiation of renal replace-
ment therapy (RRT) and survival after RRT [6–10]. Studies
have been indicative of a poor self-management in CKD pa-
tients and non-adherence to treatment recommendations, as a
result of which adverse clinical outcomes tend to be very
common in these patients [11, 12] and which make the suc-
cessful treatment of CKD patients a rather challenging task.

Recent years have witnessed an increase in the use of in-
formation technology (IT) for supporting self-management in
patients with chronic diseases [13]. Evidence from a literature
review suggests that IT-based interventions help improve self-
management outcomes, including clinical outcomes, by im-
proving the access to health information and aiding commu-
nication with healthcare providers in patients with chronic
diseases [14–18].

Many interventional studies have been conducted to date to
assess the use of IT tools to improve self-management in CKD
patients and some have found this intervention to be effective
[19–21] and some have not shown positive results [22]. This
disparity of results demonstrates the need for a systematic
review study to combine the results of the available studies.
To the best of our knowledge so far, only two systematic
review studies have assessed the effect of IT-based interven-
tions on self-management in CKD patients [23, 24]. The sys-
tematic review study by Campbell and Porter limited itself to
interventions based on dietary mobile applications and
their lack of effect on nutritional indicators in CKD
patients [23]. In a meta-analysis, He et al. argued that
IT tools such as short message service (SMS), video
conferencing, and telephonic contact have significantly
reduced hospital readmissions, emergency room visits
and number of days in the hospital and improved the
HRQOL in CKD patients [24].

Although IT-based interventions have the potential to im-
prove self-management in patients, the need for the direct
involvement of providers in non-automated IT-based interven-
tions, such as telephonic contact, can create new challenges,
such as human errors, in the use of these interventions. Due to
the lack of direct human involvement, the incidence of error is
unlikely in automated IT-based interventions (e.g. automated
SMS and automated telephone communication systems
(ATCS)). None of the systematic review studies conducted
on self-management in CKD patients have focused on auto-
mated IT tools. The present study therefore aims to integrate
the results of published studies on the effects of automated IT-
based interventions with patients as the consumers on the
outcomes of self-management in CKD patients. The questions
raised on this subjected include: What types of interventions
have been evaluated in this field? What were their features?
What effects did these interventions have on the outcomes of
self-management in CKD patients?

Methods

The present systematic review was conducted and re-
ported according to the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) pro-
posed by Moher et al. [25].

Data sources and search strategies

A comprehensive search was conducted in Medline (through
PubMed), Scopus, and the Cochrane Central Register of
Controlled Trials (Cochrane) to identify relevant studies pub-
lished until May 2016. The search strategy included a combi-
nation of keywords and MeSH terms related to IT (such as
information technology, internet, and monitoring systems)
and also kidney disease (such as kidney disease, dialysis,
and kidney transplant). Table 1 presents the complete list of
the keywords and phrases used in the search.

Eligibility criteria

The selection criteria were determined according to the popu-
lation, intervention, comparator, outcomes, and study design
(PICOS) format. Automated IT tools are IT tools with auto-
mated capabilities and without the direct involvement of the
human. The study inclusion criteria were: (1) IT-based inter-
ventions in patients with CKD stages 1 to 5; (2) Interventions
with all kinds of IT-based tools, such as a smart phone,
tablet, smart TV or computer, that support all or part of
the intervention consisting of the self-management; (3)
The study design being a randomized controlled trial
(RCT); (4) Having a control group receiving standard/
usual care without IT-based systems.

The study exclusion criteria were: (1) Studies in which
healthcare providers were the consumers of the intervention;
(2) Studies with the IT-based intervention performed only
through the direct involvement of healthcare providers (such
as telephonic contact, non-automated SMS and email, and
video conferencing systems); (3) Studies focused on the fea-
sibility, validity, acceptability, or description of IT-based tools
and systems; (4) Descriptive studies without comparison
group, case reports, commentaries, reviews, study protocols,
surveys, conference proceedings, and before-after trials. No
language limitations were imposed on the studies.

Data extraction

The two reviewers independently screened the titles and ab-
stracts of all the articles identified through the electronic
search. The full-text of any articles deemed potentially rele-
vant according to one of the two reviewer was retrieved and
assessed for final inclusion. Differences of opinion regarding
the relevance of the articles were resolved through discussion.
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Once the articles were finalized, a specific spreadsheet was
prepared for the systematic extraction of data from the studies.
The data extracted included the authors’ name, date of the
study, country and number of participants, technology type,
technology functionality, technology description, duration of
the intervention, outcomes, and findings. Data were extracted
by the first reviewer and then the second reviewer checked
and verified them in terms of accuracy and identified any
missing information.

Risk of bias in the included studies

To assess the risk of bias in the included studies, Cochrane
Collaboration’s assessment tool, which recommends the as-
sessment of six specific domains, was used [26]. Of these
domains, sequence generation and allocation concealment
are meant to prevent selection bias, blinding of participants
and personnel to prevent performance bias, blinding of out-
come assessment to prevent detection bias, incomplete out-
come data to prevent attrition bias and selective outcome
reporting to prevent reporting bias.

Data synthesis and analyses

No meta-analysis was performed because of the variability
and heterogeneity of the outcomes and interventions. A nar-
rative synthesis was carried out based on the classification of
the outcomes and the intervention type and effect. Outcomes
were classified into two categories: clinical outcomes and pro-
cess of care outcomes. Clinical outcomes indicate the severity
of the disease, such as BP [27]. Process of care outcomes
affect the patient by improving the provision of healthcare or
the patient-healthcare provider interactions [27]. According to
a study conducted by Vegesna et al. [28], the interventions
were classified as follows:

& Smartphones or personal digital assistant devices (PDAs)
(software/application/SMS) used to transfer data to the
healthcare providers/researchers.

& Wearable devices: devices worn or placed to part of the
body to record specific physiological changes (such as
monitoring BP).

& Computerized systems: systems in which data are entered
by the patient through the internet or are given to the
patient by this means.

& Multiple components: containing more than one technol-
ogy category above (for example, wearable devices and
smartphones)

The IT functionalities were classified based on the technol-
ogy functionality framework [29, 30] shown in Table 2.

The effect of the intervention was classified accord-
ing to one of the following cases: statistically significant
positive, positive without statistical argument, no effect
(not statistically significant), and mixed effect (both
positive and without an effect).

Results

Study selection

As shown in Fig.1, 15,504 records were identified from the
search conducted in Medline, Scopus and Cochrane data-
bases. After the elimination of the repetitive records, 12,215
single records remained. After assessing the titles and ab-
stracts according to the inclusion and exclusion criteria, 30
papers were selected for full text assessment, 22 of which were
later excluded based on the exclusion criteria, leaving eight
papers that matched the specified criteria of the study.

Table 1 Keywords and MeSH
terms related to information
technology and kidney disease

Kidney disease Keywords kidney disease, kidney injury, kidney disorder, kidney
insufficiency, kidney failure, kidney transplantation,
kidney transplant, renal disease, renal injury, renal
disorder, renal insufficiency, renal failure, renal
transplantation, renal transplant, dialysis

MeSH terms kidney disease

Information technology Keywords decision support system, computer, electronic,
software, informatics, health record system, medical
record system, patient record system, information
system, monitoring system, screening system,
surveillance system, information technology,
internet, web, mobile, cellular phone, smart phone,
telemedicine, tele-care, telecare, tele-monitoring,
telemonitoring

MeSH terms Computer Systems, Software, Informatics, Health
Records, Personal, Information Systems,
Telecommunications
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General characteristics of the included studies

Table 3 presents the general characteristics of the included
studies. The eight papers included in the review reported on
eight separate studies and were published in English. The
oldest article had been published in 2012 and the latest in
2016. The studies included five from the United States [22,
31, 32, 34, 35] and one each from Germany [33], Belgium
[19] and the the United Kingdom [20]. Three studies were on
hemodialysis patients [19, 22, 33], two on kidney transplant
patients [31, 34], and the rest on CKD patients with different
stages 1 to 5 [20, 32, 35]. The median number of participants
in the studies was 150 (range, 22–488 participants), and the
median duration of the studies was 10 months (range, three

weeks to 12 months). The majority of the studies (5/8, 62.5%)
had examined more than one outcome.

Risk of bias assessment

The results of the quality assessment of the studies are shown
in Fig. 2. Half of the studies (50%) had specifically reported
on their allocation sequence generation and allocation se-
quence concealment. Only 12.5% of the studies had reported
adequate information about the blinding of the participants
and the personnel and the outcome assessment. The amount
and causes of attrition were reported in all the studies, consid-
ering that sample loss was less than 20% in all of them. The
reviewed studies had little bias in terms of incomplete
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Table 2 Technology
functionality framework Functionality subcategory Definition

Inform Provide information in a variety of formats (text, photos, videos)

Instruct Provide user instructions

Record Collection of data entered by the user

Display Graphically display of the data entered by the user/output of the data
entered by the user

Guide Provide guidelines based on the data entered by the user
(recommend a physician consultation or course of treatment)

Remind/Alert Provider reminders to the user

Communicate Provide communication with healthcare provider/ patients and/or
provide links to social networks
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outcome data. In studies with a registration number, selective
reporting was assessed based on the match between the
predetermined outcomes and the reported outcomes, and
62.5% of the studies had a low selective reporting bias.

Effects of the interventions on the outcomes

Table 4 shows the effects of the interventions on the outcomes
in the included studies. The studies assessed 15 outcomes
overall, including eight clinical outcomes and seven process
of care outcomes. In 12 (80%) of the 15 outcomes, the studies

had revealed the effects of the interventions as statistically
significant positive. In one study (6.7%), no significant differ-
ences were reported between the intervention and control
groups, and in two studies (13.3%), there was a mixed effect
(both positive and without an effect).

Clinical outcomes

The clinical outcomes associated with CKD assessed in these
studies were BP (four studies), average daily interdialytic
weight gain [IDWGA] (two studies), intact parathyroid

Random sequence alloca�on (selec�on bias)

Alloca�on concealment (selec�on bias)

Blinding of par�cipants and personnel (performance bias)

Blinding of outcome assessment (detec�on bias)

Incomplete outcome data (a�ri�on bias)

Selec�ve repor�ng (repor�ng bias)

Other bias

Low risk of raelcnUsaib risk of bias High risk of bias

0% 25% 50% 75% 100%

Fig. 2 Risk of bias assessment of
the included studies

Table 4 Summary of measured effects of IT-based interventions

Outcome
category

Outcome Total Effect Effective interventions Ineffective
interventions

Mix effective
interventions

Positive effect
N (%)

No effect
N (%)

Mix effect
N (%)

Clinical
outcome
(n = 8)

BP 4 3 (75%) – 1 (25%) • Wearable devices (2)
• Multiple component

– • Wearable
devices

IDWGA 2 1 (50%) 1 (50%) – • Wearable devices •
Smartphone/P-
DA

–

Ultrafiltration
rate

1 1 (100%) – – • Wearable devices – –

Recommended
IPTH

1 1 (100%) – – • Smartphone/PDA – –

Process of care
(n = 7)

Medication
adherence

2 2 (100%) – – • Smartphone/PDA
• Multiple component

– –

Knowledge
about LDKT

1 1 (100%) – – • Computerized system
(website)

– –

Dose of
medication

1 1 (100%) – – • Smartphone/PDA – –

Medication
usage

1 1 (100%) – – • Smartphone/PDA – –

BP reading 1 1 (100%) – – • Smartphone/PDA – –

Dietary sodium
intake

1 – – 1 (100%) – – •
Smartphone/P-
DA

Sum 15 12 (80%) 1 (6.7%) 2 (13.3%) Wearable devices (4)
Smartphone/PDA (5)
Computerized system

(website) (1)
Multiple component (2)

Smartphone/PDA
(1)

Wearable devices
(1)

Smartphone/PDA
(1)

BP blood pressure, IDWGA average daily interdialytic weight gain, IPTH intact parathyroid hormone, LDKT living donor kidney transplantation, PDA
personal digital assistant

J Med Syst (2017) 41: 170 Page 7 of 13 170



hormone [iPTH] (one study), and ultrafiltration rate (one
study). Overall, the effect of IT-based interventions was re-
ported as statistically significant positive in six (75%) of the
clinical outcomes, while in one case (12.5%), no significant
difference was reported between the intervention and control
groups, and in one case (12.5%), a mixed effect was reported.

Four of the included studies had assessed the effects of IT-
based interventions on BP, which had the highest frequency
compared to the other clinical outcomes. Two studies found a
statistically significant positive effect for wearable devices on
BP [32, 35] and one study found a statistically significant
positive effect of multicomponent interventions (BP monitor-
ing device, electronic medication tray and text messages [34])
on BP. In another study, wearable devices had a mixed effect
on BP [33].

Two studies examined the effect of IT-based interventions
on IDWGA; one was conducted on hemodialysis patients and
found that wearable devices had a statistically significant pos-
itive effect on IDWGA [33]. In contrast, the other study using
PDA to provide nutrition guideline had no statistically signif-
icant effects on IDWGA [22].

As for the other clinical outcomes, electronic medication
event monitoring systems were found to have a positive effect
on iPTH control in hemodialysis patients [19]. In another
study, wearable devices had a positive effect on ultrafiltration
rate in hemodialysis patients [33].

Process of care outcomes

The process of care outcomes that assessed in the reviewed
studies were medication adherence (two studies), patients’
knowledge (one study), medication dose (one study), medica-
tion usage (one study), BP reading (one study) and dietary
sodium intake (one study). Overall, the effects of IT-based
interventions on process of care outcomes were reported as
statistically significant positive in six cases (86%) and a mixed
effect was reported in one case (14%).

Two of the included studies reported the effect of IT-based
interventions on medication adherence as statistically signifi-
cant positive, including one study on the positive effects of
multicomponent interventions (BP monitoring device, elec-
tronic medication tray and text messages) in kidney transplant
patients [34] and another on the positive effects of electronic
medication event monitoring system on adherence to
cinacalcet in hemodialysis patients [19].

Regarding the other process of care outcomes, one study
showed that access to website had a statistically significant
positive effect on the knowledge score in kidney transplant
candidates and their family members in the intervention group
compared to the controls [31]. Another study showed that
electronic medication event monitoring systems had a statisti-
cally significant positive effect on reducing the dose of
cinacalcet in hemodialysis patients [19]. Another study

showed that SMS have a positive effect on BP reading and
medication usage in CKD patients in stages 3–5 [20]. Another
study conducted on hemodialysis patients reported a mixed
effect for PDA on dietary sodium intake [22].

Classification of the interventions according to technology
type and features (Table 5)

Three studies evaluated the effect of smartphone/PDA inter-
ventions using software programs [22], SMSs [20], and elec-
tronic medication event monitoring systems [19].
Smartphone/PDA functionalities included inform, record, dis-
play, communicate, remind/alert and guide. The effect of
smartphones/PDAs was positive on five out of the seven out-
comes assessed.

Three studies assessed the effects of wearable devices and
their functionalities, including record, display, communicate
and alert. These studies found wearable devices to positively
affect four of the five outcomes assessed.

Another study assessed the effect of the inform functional-
ity of a health information website [31] in kidney transplant
candidates and their family members and reported positive
effects on the one outcome assessed.

Only one study had evaluated the effect of multicomponent
interventions [34], which used wearable devices in combina-
tion with SMS and offered functionalities including remind/
alert and communicate. The effect of using this multicompo-
nent intervention was reported as positive on both outcomes.

None of the reviewed studies had evaluated effects of
personal health record (PHR) on self- management of
CKD patients.

Discussion

This systematic review combined the results of RCTs that
evaluated the effect of IT-based interventions on self-
management outcomes in CKD patients. The results (eight
studies, 1637 patients) showed that IT-based interventions
had improved self-management outcomes in CKD patients
in the majority of the studies. The self-management outcomes
investigated were statistically significant positive in 80% of
the studies. This positive effect was observed in 75% of the
clinical outcomes and 86% of the process of care outcomes.
The included studies had evaluated the effect of smartphones/
PDAs, wearable devices, computerized systems, and multi-
component interventions.

The present findings revealed the positive effect of IT-
based interventions on clinical outcomes in CKD patients,
which agrees with the results of several other systematic re-
views conducted on the effect of IT-based interventions on
clinical outcomes in chronic diseases [14–18, 36, 37]. It can
therefore be concluded that IT-based tools provide appropriate
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Table 5 Classification of the interventions according to technology type and features

Ref. Classification of
consumer heath
informatics

Technology
platform

Technology
functionality

Technology description

Gordon et al. [31] Computerized system
(websites)

Website • Inform The website contains 6 sections: (1) Treatment
Options: Dialysis, Transplantation, and Donation (2)
Benefits and Risks (3) Donation: Step-by-Step (4)
Financial Issues (5) Immigrant Issues (6) Cultural
Beliefs and Myths. Learning objectives that guided
educational content were developed for each section.

Sevick et al. [22] Smartphone/PDA PDA • Inform
• Record
• Display

Participants recorded their meals into a software
program on their PDAs. The PDA record was
reviewed by the study dietitian with each
intervention contact. PDAwas used by the
participants to track the sodium content of their
meals and by the study dietitians to provide targeted
counseling. PDAs were used to enhance mastery by:
(1) minimizing the information burden of vigilance
to dietary sodium intake, (2) providing graphical,
meal-by-meal feedback regarding achievement of
dietary goals, (3) permitting straightforward inte-
gration of nutritional information, and (4) allowing
participants to make real-time connections between
sodium, IDWGS, and symptoms.

Rifkin et al. [32] Wearable devices A BP
monitoring
device

• Record
• Communicate

The intervention was a telemonitoring device pairing a
Bluetooth-enabled BP cuff with an Internet-enabled
hub, which wirelessly transmitted readings. Home
recordings were reviewed weekly and
telemonitoring participants were contacted if BP was
above goal.

Neumann et al. [33] Wearable devices A telemetric
weight
monitoring

• Display
• Alert
• Communicate

(1) The patient’s weight is sent from the scale via
Bluetooth to a mobile phone, (2) If the weight is
beyond the alarm limit, an alarm is generated, which
is sent as e-mail to the physician, (3) who can contact
the patient and ask about the state of his or her health.
(4) At any time the physician is able to access all data
via a Web interface.

McGillicuddy et al. [34] Multiple component A BP
monitoring
device +
electronic
medication

• Remind/Alert
• Communicate

The prototype mHealth system consisted of: (1) A
wireless GSM electronic medication tray, (2) A
wireless Bluetooth enabled BP monitor (3) A
smartphone that received and transmitted encrypted
physiological data and delivered reminders to mea-
sure BP using text messaging.

Margolis et al. [35] Wearable devices An electronic
monitoring
device

• Display
• Communicate

The intervention group received a home BP monitor
that stored and transmitted data to a secure website
via modem. During the intervention, patients and
pharmacists met via telephone until BP control was
sustained. During telephone visits, pharmacists
emphasized lifestyle changes and medication
adherence.

Forni Ogna et al. [19] Smartphone/PDA An electronic
medication
event
monitoring

• Record
• Communicate

Adherence to cinacalcet in the intervention group was
monitored using a medication event monitoring
system. This electronic monitoring system records
each time (date and hour) the pillbox containing the
drug under investigation is opened. Drug adherence
results were discussed with the patients by the
treating nephrologists in semistructuredmotivational
interviews at intervals of two months.

Cottrell et al. [20] Smartphone/PDA An interactive
mobile
phone text
message

• Record
• Remind/Alert
• Guide

(1) Reminds patients in the intervention group to text
their BP readings each day (2) Sends reminders if a
reading is not received within 2 h (3) Sends auto-
matic responses to patients regarding any further
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interventions for controlling clinical outcomes in chronic pa-
tients. In the present study, BP was the clinical outcome most
frequently assessed in CKD patients, which showed improve-
ments in most cases. This result suggests that BP is a key
outcome in self-management in these patients and that IT-
based interventions can help control BP in CKD patients. In
the included studies, IT-based interventions had increased the
frequency of BP reading by the patient, led to more timely
adjustment with the antihypertensive medication regimens
and increased the patients’ awareness about the value of BP
and their sense of control and had thus led to an improvement
in BP through advices such as instructing to change the nutri-
tional regimen [20, 32, 34, 35].

Although process of care outcomes such as medication
adherence have no direct effects on clinical outcomes, their
mediated improvement can help improve the patient’s clinical
conditions as well [38]. The present findings showed that IT-
based interventions improve adherence to medication in CKD
patients. In line with these findings, a systematic review study
by Vervloet et al. showed that automated IT-based interven-
tions have the potential to increase adherence tomedication by
sending electronic reminders to patients with chronic disease
[39]. Considering the importance of timely medication use in
CKD patients and their likelihood of non-adherence to medi-
cation [11, 12, 40–48], IT-based tools are recommended to be
used to improve adherence to medication in these patients.

In some of the included studies, wearable devices had been
used for the intervention. In most of these studies, the provider
received the patient data from a distance and provided any
necessary guidance accordingly. The direct and wireless trans-
mission of patient data from the device to the central system
reduces human errors caused by manual data entry and trans-
mission to the central system; in addition, the reduced data
entry by the patient helps increase the success rate of these
systems, since the consumers do not require any computer
skills or internet access in this system [32, 49, 50].

With the global growth in mobile technology, facilitating
the access to smartphone applications seems like the logical
approach for improving patients’ self-management skills. The

capacities of these applications include increased access to
educational sources and self-management strategies and track-
ing physical and psychological symptoms. Among the includ-
ed studies, one conducted by Sevick assessed the effect of
mobile applications and found that they had a mixed effect
on IDWGA and no effects on sodium intake [22]. A recent
systematic review focused on dietary mobile applications and
their effects on nutritional indicators in CKD patients
reviewed two RCTs and three case studies and showed that
using dietary mobile apps in CKD patients causes no signifi-
cant changes in IDWGA, liquid intake or sodium and potas-
sium intake and only causes a negligible reduction in them
[23]. It appears that assessing the actual effectiveness of this
technology in improving nutritional indicators in CKD pa-
tients requires further clinical trials.

The importance of using PHR in empowering chronic pa-
tients has been demonstrated in recent years [51–54]; for in-
stance, using ePHR in diabetic patients led to an improvement
in BP and A1C hemoglobin [52], and this system was further
associated with an improved patient satisfaction and increased
communication with healthcare providers in patients with
prostate cancer [53]. Nonetheless, the researchers did not find
any studies on the empowering effects of PHR in kidney pa-
tients and future studies are recommended to investigate the
effects of using PHR in CKD patients.

Strengths and limitations This study had several strengths
and limitations. The strengths include the extensive search
strategy used, which led to the extraction of a large number
of studies, and therefore made the likelihood of missing rele-
vant studies very small. Moreover, only RCTs were included
in the study (due to the confidence in the high quality of these
studies) and other types of studies were not included. The
limitations include the exclusion of studies presented in con-
ferences (due to the unavailability of their full text), which
means the potential loss of some relevant studies. Moreover,
due to the great diversity of outcomes, performing a meta-
analysis was not possible.

Table 5 (continued)

Ref. Classification of
consumer heath
informatics

Technology
platform

Technology
functionality

Technology description

required actions based upon the BP readings ob-
tained through advising patients to contact their
doctor or practice nurse.

SUM Wearable devices: 3 studies
Smartphone/PDA: 3 studies
Computerized system (websites): 1 study
Multiple component: 2 studies

BP blood pressure, IDWGA average daily interdialytic weight gain, mHealth mobile health, PDA personal digital assistant
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Implications for practice In patients in early stages of CKD,
preventing progress to the end stages of renal disease (ESRD)
is very important. It is therefore necessary for them to gain
disease management skills. Disease management is also im-
portant for patients who have already reached ESRD. This
study showed that IT-based interventions can lead to the em-
powerment of kidney patients (for example, through BP con-
trol and increased adherence to medication intake). Such in-
terventions are therefore recommended to be used in clinical
settings to further empower the patients.

Implications for further research Considering that all these
studies have been conducted in developed countries, the effect
of the proposed interventions should also be studied in devel-
oping countries. The majority of the studies had examined
ESRD patients and those undergoing hemodialysis and kid-
ney transplant, and none had examined patients undergoing
peritoneal dialysis and only a few were on patients in early
stages of CKD. Future studies should evaluate the effects of
these interventions on patients undergoing peritoneal dialysis
and patients in early stages of CKD.

Conclusion

IT-based interventions such as smartphones/PDAs, wearable
devices, and computerized systems could improve self-
management in CKD patients (clinical and process outcomes)
by removing the gap between them and healthcare providers.
Further research is needed on the effects of IT-based interven-
tions on self-management outcomes in CKD patients living in
developing countries, patients undergoing peritoneal dialysis,
and those in early stages of CKD.
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