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Integrating a Smartphone–Based Self–Management
System into Usual Care of Advanced CKD
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Abstract
Background and objectives Patient self-management has been shown to improve health outcomes. We
developed a smartphone-based system to boost self-care by patients with CKD and integrated its use into
usual CKD care. We determined its acceptability and examined changes in several clinical parameters.
Design, setting, participants, & measurements We recruited patients with stage 4 or 5 CKD attending outpatient
renal clinics who responded to a general information newsletter about this 6-month proof-of-principle study.
The smartphone application targeted four behavioral elements: monitoring BP, medication management,
symptom assessment, and tracking laboratory results. Prebuilt customizable algorithms provided real–time
personalized patient feedback and alerts to providers when predeﬁned treatment thresholds were crossed or
critical changes occurred. Those who died or started RRT within the ﬁrst 2 months were replaced. Only
participants followed for 6 months after recruitment were included in assessing changes in clinical measures.
Results In total, 47 patients (26 men; mean age =59 years old; 33% were $65 years old) were enrolled; 60% had
never used a smartphone. User adherence was high (.80% performed $80% of recommended assessments) and
sustained. The mean reductions in home BP readings between baseline and exit were statistically signiﬁcant
(systolic BP, 23.4 mmHg; 95% conﬁdence interval, 25.0 to 21.8 and diastolic BP, 22.1 mmHg; 95% conﬁdence
interval, 22.9 to 21.2); 27% with normal clinic BP readings had newly identiﬁed masked hypertension. One
hundred twenty-seven medication discrepancies were identiﬁed; 59% were medication errors that required an
intervention to prevent harm. In exit interviews, patients indicated feeling more conﬁdent and in control of
their condition; clinicians perceived patients to be better informed and more engaged.
Conclusions Integrating a smartphone–based self–management system into usual care of patients with advanced
CKD proved feasible and acceptable, and it appeared to be clinically useful. The results provide a strong
rationale for a randomized, controlled trial.
Clin J Am Soc Nephrol 11: ccc–ccc, 2016. doi: 10.2215/CJN.10681015

Introduction
The delivery of optimal renal care to patients with
advanced CKD is complex and resource intensive (1).
Most are older adults, have several concomitant diseases, and see multiple physicians, thus placing them
at risk for receiving contradictory medical advice. Selfmanagement has been advocated as a way for patients
with CKD to cope with the challenges of living with
their condition and gain some measure of control over
their own care (2). Our team has been developing and
testing innovative mobile health systems to enhance
self-management by patients with complex chronic diseases. In early versions, patients monitored their BP,
blood sugar, or weight and in return, received tailored
messages (3–5). In randomized, controlled trials
(RCTs), the systems improved several health measures
and achieved a high level of patient satisfaction across
all age groups and levels of familiarity with mobile
technology (5,6). However, these early systems tracked
only one or two physiologic parameters and did not
www.cjasn.org Vol 11 June, 2016

speciﬁcally engage health care professionals in promoting patient self-management.
Patients with CKD varyingly perform a spectrum of
self-care activities, such as seeking out self-education
programs, controlling dietary and medication interventions, and maintaining their own medical record
(7). In the past, there has been a paucity of electronic
self–management tools to support such health behaviors of patients with CKD (8). That situation is changing, with new reports documenting the beneﬁts of
mobile technology to improve CKD care (9,10). To
address the limitations of earlier versions of our
smartphone–based self–management system, we expanded the scope of the patient-directed activities
tracked, developed a personalized feedback loop in
real time on the basis of these activities, and enhanced
remote surveillance using a tiered clinical alert system. We also added a web–based clinical dashboard
application that gave providers immediate access to
summarized health information on their patients. The

Departments of
*Pharmacy,
‡
Medicine, ¶Nursing,
and †Nephrology,
**Centre for Global
eHealth Innovation,
and ††Techna Institute,
University Health
Network, Toronto,
Ontario, Canada;
¶¶
LunenfeldTanenbaum Research
Institute and
Department of
Medicine, Mount
Sinai Hospital,
Toronto, Ontario,
Canada; §Institute of
Health Policy,
Management and
Evaluation, ‡‡Institute
of Biomaterials
and Biomedical
Engineering, §§Dalla
Lana School of Public
Health, University of
Toronto, and |Faculty
of Medicine,
University of Toronto,
Toronto, Ontario,
Canada; | |Applied
Health Research
Centre, Li Ka Shing
Knowledge Institute,
St. Michael’s Hospital,
Toronto, Ontario,
Canada
Correspondence:
Dr. Alexander G.
Logan, Mount Sinai
Hospital, Suite 435,
600 University
Avenue, Toronto, ON,
Canada M5G 1X5.
Email: logan@
lunenfeld.ca

Copyright © 2016 by the American Society of Nephrology

1

2

Clinical Journal of the American Society of Nephrology

objectives of this 6-month proof-of-principal study were to
assess the acceptability of this enhanced smartphone system in managing patients with advanced CKD and examine changes in several clinical parameters.

Materials and Methods
Study Design and Participants
The study, approved by the local research ethics board
(REB14–7638), was conducted in outpatient renal clinics in
Toronto, Canada. The clinics provide care to approximately 440 patients and are staffed by a multidisciplinary
team of nephrologists, nurses, pharmacists, dieticians, and
social workers who oversee the management of patients
with advanced (stage 4 or 5) CKD. The study was limited
to a maximum convenience sample of 45 patients. Englishspeaking patients (n=216) were sent an information newsletter encouraging individuals to discuss participation at
their next scheduled clinic visit. Participants were recruited from interested patients attending the clinic over
the next several weeks on a ﬁrst come, ﬁrst served basis.
Respondents were considered eligible if they were $18
years old, English speaking, and able and willing to provide informed consent. Patients were excluded if they
were starting dialysis or having a kidney transplant
(RRT) within the next 3 months, planning to travel out
of province for .10 days during the study period, living
in a long–term care or rehabilitation institution, taking less
than two prescription medications, participating in another interventional study, or cognitively impaired.
Study participants were followed for 6 months after
recruitment or until death or start of RRT. Those who left
the study within the ﬁrst 2 months were replaced. Baseline
demographics and clinical data were extracted from the
clinical charts. Informed patient consent to participate in the
study and provider consent to be interviewed post study
were obtained in accordance with the Declaration of Helsinki.
Intervention
The intervention, a smartphone–based self–management
system, was designed and developed as an adjunct to usual
CKD care. Its architecture consisted of a smartphone application for patients, a web–based clinical dashboard application for health care providers, and a data server for
information management. The smartphone application targeted four patient behavioral elements (monitoring BP, managing medications, assessing symptoms, and tracking
selected laboratory test results), and in real time, it generated
personalized patient messages on the basis of prebuilt algorithms. A bidirectional interface relayed data to a secure
server and pharmacy and laboratory databases. The data
server allowed patients’ responses to be accessible to the
kidney care team through a secure clinical dashboard, and
it automatically sent email medical alerts when responses
demanded more immediate attention. Through the smartphone application, patients had access to prevetted CKD
care resources and the contact information of their health
care providers. To comply with security and privacy regulations, the smartphone was password protected, and data
were encrypted (11). Moreover, data stored on the smartphone could be deleted remotely using mobile device management software (Airwatch; VMware, Atlanta, GA).

Enrolled patients were provided with a smartphone
(Motorola Moto G; Motorola, Schaumburg, IL) that had the
self-management application preinstalled and a Bluetooth–
enabled home BP monitoring device (Life Source UA-767;
A&D Medical, San Jose, CA), which was paired to the
smartphone for seamless transfer of BP readings. Patients
were trained on the use of the application and taught how
to measure their own BPs. Patients were asked to measure
their BP twice in the morning and evening for 2 days every
2 weeks. Algorithm-based messaging increased the frequency if BP was uncontrolled. The medication component
of the application provided patients with their current medication list through an active interface with the clinic’s pharmacy system. On a monthly basis, the system reminded
patients to reconcile their medication list by tapping yes or
no responses on the smartphone’s touchscreen to three questions about any new medication, changes in dose or frequency, and any adverse effects. Similarly, patients were
reminded to assess (as none, mild, or moderate) ﬁve
CKD-related symptoms (fatigue, nausea, loss of appetite,
shortness of breath, and ankle swelling). The interval between symptom assessments varied according to a prespeciﬁed algorithm from monthly to every other day.
Laboratory test results (hemoglobin, eGFR, serum potassium, and phosphate) were automatically uploaded to the
smartphone application in real time.
After each BP reading, patients immediately received the
current measurement result with a predeﬁned comment on
the control of their BP on the basis of a 2-month running
average and an action message on values outside the target
range. For symptoms and laboratory results, every interaction initiated an instructional response on the basis of
customized clinical algorithms designed to boost selfmanagement activity. For example, patients might be
instructed to contact their health care team about worsening symptoms or from serum potassium values, make
adjustments to their dietary potassium intake in accord
with individualized prespeciﬁed threshold values. The
patients’ answers to the medication and symptom assessments were sent automatically to the clinical dashboard
with a ﬂag signaling any changes or problems that might
require attention by the kidney care team. Email messages
were automatically sent when responses demanded more
urgent action, and the recipients were determined by medical severity (e.g., nurse and/or pharmacist only or nurse,
pharmacist, and physician). The threshold values for critical alerts were established for each patient by their physician and could be changed at any time.
At regularly scheduled clinic visits, clinicians were provided with an automated one–page report to avoid disrupting their usual work pattern. It contained the 60-day average
of patients’ BP readings, the previous 60-day laboratory
values, a list of new or worsening symptoms, and a list of
medications that were new, changed, or causing problems.
More detailed information was also immediately available
on the password–protected clinical dashboard.
Outcome Measures
Acceptability. The acceptability of the smartphone self–
management application was assessed by determining its
adoption, adherence to recommended scheduled use, user
satisfaction, and feature usage. Adoption was measured
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by the total number of assessments performed by patients
over the complete study period, the total number of critical
and noncritical alerts sent to the clinical staff, and how the
alerts were handled. Adherence was derived from the
number of assessments actually performed divided by
the number of assessments recommended. The performance
of $80% of the recommended number of assessments for
BP, medications, and symptoms individually indicated
good adherence. User satisfaction was determined from
semistructured interviews with patients and providers about
their experience using the smartphone system. Google Analytics was used to assess the frequency of use of the application’s features over the course of the study (12).
Clinical Measures. Preliminary data were collected on
four clinical parameters to determine whether the intervention might be effective.
(1) BP. BP was assessed in the clinic and separately at home.
Clinic readings were measured using the automated
sphygmomanometer BpTRU (BpTRU Medical Devices,
Coquitlam, BC, Canada) with patients sitting alone in a
quiet examining room. The device automatically takes six
readings and averages the last five readings. The average
value was used as the baseline and the 6-month measure.
At home, patients measured their BP using a validated
Bluetooth–enabled home BP device twice in the morning
and twice in the evening daily for 7 consecutive days. The
second reading values of the two readings were averaged,
and the mean of the 14 readings was used to compare
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baseline and exit values and assess mean changes. Sixmonth changes were also determined for participants with
uncontrolled hypertension at baseline, which was defined as
mean systolic BP of $135 mmHg or diastolic BP $85 mmHg
either in the clinic from automated office BP measurements
or at home, and those with normal BP readings (13,14).
(2) Medications. Identification of unintentional medication
discrepancies was used to assess medication effectiveness. A medication discrepancy was defined as the difference between the medication history reported by the
patient and the clinic medical record. Unintentional discrepancies were those differences where no clinical
documentation or justification by the prescriber(s) was
found (15). We report the proportion of patients with more
than one unintentional medication discrepancy for all
prescribed and CKD–relevant nonprescription medications identified by the renal pharmacist during regular
clinic visits.
(3) CKD-related symptoms. The effectiveness of symptom
assessment was determined by the number of alerts sent to
the kidney care team and the proportion that required clinical intervention. The latter was defined as an instruction to
change a behavior (diet, drug, or attendance at a clinic or
hospital emergency room) or a request for additional laboratory testing.
(4) CKD–specific laboratory tests. The proportion of patients
in the target range for each laboratory parameter (hemoglobin, potassium, and phosphate) was compared for each
individual at the beginning and end of the study.

Figure 1. | Flow diagram of patient recruitment and involvement in study. *Three patients had active medical problems and were advised to
discontinue self-management activities to allow more intense inpatient and outpatient medical management.
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Data Analyses
The primary purpose of the pilot study was to gather
prospective data to better inform the design of an RCT;
therefore, no sample size was computed. Mean values
(6SDs) or medians and quartiles as appropriate for continuous variables and percentages for categorical variables
were calculated for collected variables using R software
(16). Generalized linear mixed effects models were used to
assess BP change and trends in adherence, whereas changes
in laboratory parameters were assessed using paired t tests
and McNemar tests (for proportions of patients in range).

Results
Study Participants (Patients and Health Care Providers)
The 45 available study slots were ﬁlled within 2 weeks
(Figure 1). Additional patients who expressed an interest
in participating in the study were placed on a waitlist.
Two patients who left the study within the ﬁrst 2 months
were replaced.
Patient characteristics are shown in Table 1; 33% were
age $65 years old, and 50% had a college/university education. Sixty percent had not previously used a smartphone, and 27% had not previously used a conventional
cell phone. Patient conﬁdence in using technological devices and experience with home BP monitoring are outlined in Supplemental Table 1.
Outcomes
Acceptability. Adoption of the smartphone application
is shown in Figure 2. The average number of clinical BP
readings (second of two taken at each sitting) was 4.560.8
per week. The total numbers of medication and symptom
reviews submitted during the 6-month study were 250 and
489, respectively; 96% of study participants completed the
required clinic blood work during the study period (baseline, interim, and study end). Monthly adherence rates were
mostly .80%. The test for trend showed no drop off in interest over time (P.0.05). The transient decline at 3 and 4
months coincided with Christmas/New Year (Figure 2).
Of 47 patients, 38 patients participated in an exit interview;
four declined, three had severe medical complications or were
hospitalized at the time of interviews, and two had died. All
but two indicated that the application made them feel more
connected with their health care providers and that they
wished to continue using it after the study. They also reported
that they would be willing to buy the mobile application kit
(including the Bluetooth–enabled BP device) if it were commercially available. Two patients stated that they would not
continue using the application after the study: one patient
said that it caused anxiety, and the other patient, an individual who was already monitoring BP routinely, found the
additional features unhelpful. The clinician interviews (nine
participating nephrologists, three nurses, and three pharmacists) were uniformly positive. The nephrologists felt that the
patients were better informed, and this greatly improved the
quality of the clinic visits. The nurses found that the system
helped them prioritize the patients who needed more attention. The pharmacists felt that the medication review alerts
lead to interventions that mitigated adverse drug events.
None reported disruption in their workﬂow, and all endorsed future use of the smartphone system.

Table 1. Patient characteristics

Variable
Mean age, yr
Age in year categories, n (%)
#44
45–54
55–64
65–74
$75
Men, n (%)
Ethnicity, n (%)
White/European
Asian
Black/West Indian
Education, n (%)
Not available
Primary school
High school
College/university
(undergraduate)
Graduate school
Days followed in RMC
Median (quartiles 1, 3)
Use of technology devices,a n (%)
Personal computer
(desktop/laptop)
Smartphone
Cellphone
Tablet
Home BP monitor
Mean BP at baseline, mmHg
Systolic BP
Diastolic BP
Patients with uncontrolled
hypertension, n (%)
Mean no. of medications 6SD
Median no. of medications
(quartiles 1, 3)
Primary cause of CKD, n (%)
Diabetes
Hypertension
Glomerular/vasculitis
Hereditary
Drug toxicity
Other
Comorbidity
Mean no. of comorbid conditions
Patients with $2 comorbid
conditions, n (%)
Median (quartiles 1, 3)
CKD stage, n (%)
4
5

Study Group,
n=47
59.4614
6 (13)
10 (21)
13 (28)
11 (23)
7 (15)
26 (55)
33 (70)
13 (27)
1 (3)
1 (2)
4 (9)
12 (25)
24 (51)
6 (13)
919 (463, 1370)
37 (82)
18 (40)
33 (73)
26 (58)
33 (73)
130.6617.2
78.9610.9
17 (36)
9.564.2
10 (7, 12.5)
7 (15)
5 (11)
15 (31)
8 (17)
5 (11)
7 (15)
2.961.4
38 (81)
3 (2, 4)
22 (47)
25 (53)

RMC, renal management clinic.
a
n=45 (information missing on two patients).

Unique mobile application views were captured and
summarized in Figure 3 using Google Analytics (12).
Throughout the study, patient users viewed and used
the BP feature most frequently followed by laboratory results, medications, and symptoms. Care team information
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Figure 2. | Adherence rates per month (symptoms, medications, and BP assessments using the mobile application).

and links to health resources were used the least. Increased
use of the smartphone application, especially BP and laboratory results, seemed to coincide with days surrounding
patients’ clinic visits.
Clinical Measures.
BP. The mean BP readings at the beginning and the end of
the study and the changes in the subset of patients with both
sets of readings (n=36) are presented in Table 2. BP measured
both in the clinic and at home fell from entry to exit. Although

changes in ofﬁce BP were not statistically signiﬁcant, the
mean changes in home readings were signiﬁcant (systolic
BP, 23.4 mmHg; 95% conﬁdence interval, 25.0 to 21.8 and
diastolic BP, 22.1 mmHg; 95% conﬁdence interval, 22.9 to
21.2). For those with uncontrolled hypertension at baseline,
the mean falls in systolic and diastolic BP were greater than
those of patients who were normotensive; 27% with normal
clinic BP readings had newly identiﬁed masked hypertension
(normal clinic and elevated home BP readings). Finally, 34

Figure 3. | Average unique views per application feature by day over the course of the study.
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interventions resulted from the critical BP alerts (32 high and
two low alerts). Of these, seven patients required medication
changes, but none required an extra clinic visit.
Medication. The percentage of patients with one or more
clinically relevant discrepancies was 80% at baseline and
72% at exit. Of the 250 medication assessments performed by
patients, 153 (61%) reported no change. For the remainder
(n=97), there were 127 medication discrepancies (Table 3),
with 59% requiring intervention(s) to prevent harm.
CKD-Related Symptoms. Symptom assessments resulted
in 108 alerts being sent to patients advising an increase in
the frequency of monitoring. There were 47 alerts for 13
patients that were also sent to the clinical team. These alerts
resulted in telephone contact with the kidney care team that
further led to interventions in 29 instances (Figure 4).
CKD–Speciﬁc Laboratory Tests. There were no appreciable differences in the proportions of patients in the target
ranges for potassium, phosphate, or hemoglobin between
baseline and exit (Table 4).

Discussion

Our ﬁndings provide valuable information on the use
of a smartphone–based self–management system to supplement the care of patients with advanced CKD. The

smartphone application streamlined important tasks and
supported patient decision making in real time through
built-in algorithms for each behavioral component. It
also connected the patient to their health care team without being intrusive on either side and had a dynamic and
customizable alerting system. Moreover, it allowed for bidirectional communication of pertinent health information
through seamless integration with peripheral monitoring
devices (Bluetooth–enabled BP cuff) and interfaced with
the pharmacy and laboratory data repositories, so that patients and clinicians had useful and accurate information
immediately available to them. This led to early identiﬁcation of health problems that arose between scheduled
clinic visits. To the best of our knowledge, this is the ﬁrst
mobile health system for CKD care trialed, which embodies important elements of the Chronic Care Model, because it promotes self-care, integrates clinical information
systems, provides decision support, and enhances the delivery of health care (17–19).
Our study showed that patients maintained a high level
of use of the system throughout the 6-month study,
suggesting sustainability. It was developed using an
iterative, user–centered design method to ensure an exceptional user experience, even for those with a disability or

Table 2. Mean BP at the beginning and end of the study by site of assessment

Site, Patients, and Visit
Clinic
All
Baseline
Exit
∂
95% CI
Uncontrolled hypertension
Baseline
Exit
∂
95% CI
Normotensives
Baseline
Exit
∂
95% CI
Home
All
Baseline
Exit
∂
95% CI
Uncontrolled hypertension
Baseline
Exit
∂
95% CI
Normotensives
Baseline
Exit
∂
95% CI

No.

SBP Mean, mmHg

SD

DBP Mean, mmHg

SD

47
36
36
36

130.6
122.8
26.8
248.2 to 34.7

17.4
15.5

78.9
77.3
20.9
219.4 to 17.7

11.1
13.4

25
20
20
20

141.9
126.3
213.5
258.5 to 31.5

14.9
13.6

84.4
80.0
22.6
222.1 to 17.0

10.2
13.7

22
16
16
16

117.9
118.6
1.6
232.0 to 35.3

9.5
17.1

72.7
73.9
1.2
217.3 to 19.8

8.5
12.6

47
36
36
36

134.5
131.3
23.4
25.0 to 21.8

13.8
13.5

79.4
77.3
22.1
22.9 to 21.2

11.2
12.4

25
20
20
20

139.6
133.9
24.3
26.6 to 22.1

15.9
13.2

80.4
77.1
21.5
22.6 to 20.4

11.9
12.3

22
16
16
16

128.7
128.0
22.2
24.4 to 20.1

8.1
13.5

78.2
77.6
22.8
24.2 to 21.5

10.6
12.8

SBP, systolic BP; DBP, diastolic BP; ∂, change in BP readings from baseline to exit; 95% CI, 95% conﬁdence interval.
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Table 3. Types and frequency of medication discrepancies reported (n=127)

No. of
Discrepancies (%)

Clinical Examples of Medication Errors Detected
through the Smartphone Application

Dose of medication
incorrect

53 (42)

Taking drug not on the
medication list

39 (31)

Not on or no longer taking
drug on the medication
list
Dosing frequency incorrect

19 (15)

Patient started on pregabalin. Dose adjustment identiﬁed by
pharmacist and intervention made to adjust dose according to
renal function. Follow-up monitoring with serum creatinine
made and instructions to the patient to monitor for increased
drowsiness to determine if readjustment of dosing is needed in
the future.
Patient was prescribed indomethacin from an emergency visit for
an acute attack of gout. Patient reported the new medication
using the mobile application. The pharmacist advised the
patient to stop taking it and communicated with the
nephrologist to prescribe colchicine instead. Serum creatinine
on repeat testing was elevated and did not return to baseline on
additional testing.
Patient reported not taking sodium bicarbonate that was on the
medication list. Clinic requested patient to get repeat blood
work to reassess therapy.
Patient reported taking hydralazine once daily and not twice
daily as prescribed. The pharmacist contacted the patient,
determined that the patient was confused over frequency of
doses, and advised how to make necessary dosing adjustments.
Patient was hypertensive before dose adjustment, and BP was
regulated with the new dose.
Patient was prescribed gemﬁbrozil by the endocrinologist for
high triglycerides. Patient reported the new medication
through the mobile application. Serum creatinine increase was
noted during a follow-up renal visit and did not return to
baseline after stopping gemﬁbrozil.
Patient was prescribed isosorbide dinitrate by a cardiologist who
was unaware that the patient was already on the nitroglycerin
patch. Patient reported the new medication through the mobile
application, and the pharmacist advised the patient to stop
using the patch. Patient experienced decreased BP and
dizziness while on both nitrates for a few days.
Patient started taking hydrochlorothiazide because of edema
without medical advice. This medication discrepancy was
identiﬁed through the smartphone application on a monthly
medication assessment.

Type

5 (4)

Adverse drug reaction

4 (3)

Taking two or more drugs
from the same drug class
or indication with no
clinical justiﬁcation

3 (2)

Taking medication on their
own without medical
advice or altered
medication without
medical consultation

4 (3)

unfamiliar with mobile technology. The automatic transfer
of BP readings circumvented the pitfalls of manual entry
(20), and user exit interviews suggested that health care
providers had more conﬁdence in the values transmitted.
Of equal importance, the signiﬁcant reduction in home BP
levels, consistent with our previous work, implies that the
smartphone system may be clinically effective (3,6).
Of the many application features, patients used test
result features most often. For BP, this may, in part, be
related to the preprescribed BP monitoring schedule, which
required patients to measure their BP relatively frequently.
However, next to BP, patients viewed their laboratory
results most frequently, although there were few new
results over the course of the study period. The reasons
for the patients’ focus on test results are unclear. One might
conjecture that they viewed the information, which generally is not readily available to patients, to guide decision
making or objectively gauge their clinical status. In contrast, the symptom feature was used infrequently. Despite
the relatively few symptom views, there was a large

number of symptom alerts, of which almost one third
were judged by clinicians to be critical. This discordance
warrants additional exploration.
The smartphone system identiﬁed a large number of
medication discrepancies by patients reconciling their medications with the smartphone application. More than one half
required an intervention by the pharmacist to prevent harm
to the patient from the error, suggesting that the technology
may contribute to patient safety and quality initiatives.
Unlike other mobile applications, we believe that this is
the only mobile application for outpatient use that supports
patient–driven medication reconciliation with a feedback
loop to correct errors (10,21,22). Communication of medication-related information is particularly crucial for this patient
population, because patients frequently experience medication errors as a result of fragmented communication between
multiple prescribers (23–26).
Our study is limited by the lack of a comparison group to
control for secular trends and the possibility of selection
bias. Thus, our results should be viewed as hypothesis
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Figure 4. | Flow diagram illustrating the sequence of events that occurred after patients completed their symptom assessments. *BP, weight,
blood sugar, or blood work; **specialist, family physician, or emergency room.

generating. Changes in BP could not be linked to a
particular component of the intervention because of the
pilot nature of the study. There was also no formal cost–
effectiveness analysis. Nevertheless, this system takes
advantage of consumer-ready products and rapidly growing smartphone ownership by American adults (64% in
2015 compared with 35% in 2011) (27). Furthermore, we
used automated messaging and alerts to mitigate increases
in health care personnel costs.
The smartphone–based self–management system appeared to be clinically useful in improving CKD care,
had a high level of acceptance by patients, and provided
timely and reliable information to the clinical care team
without disrupting their workﬂow pattern. These data

provide a strong rationale for undertaking a longer RCT
to test whether it can cost-effectively improve health outcomes when used as an adjunct to usual care.
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Patients within range, %
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4.2160.41
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4.2160.87
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25
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0.18
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.0.99
0.51

ESA, erythropoietin-stimulating agent.
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