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Abstract
Background and objectives Patients with CKD are at risk for adverse drug reactions, but effective communitybased preventive programs remain elusive. In this study, we compared the effectiveness of two digital applications
designed to improve outpatient medication safety.
Design, setting, participants, & measurements In a 1-year randomized controlled trial, 182 outpatients with
advanced CKD were randomly assigned to receive a smartphone preloaded with either eKidneyCare (n589) or
MyMedRec (n593). The experimental intervention, eKidneyCare, includes a medication feature that prompted
patients to review medications monthly and report changes, additions, or medication problems to clinicians for
reconciliation and early intervention. The active comparator was MyMedRec, a commercially available,
standalone application for storing medication and other health information that can be shared with patients’
providers. The primary outcome was the rate of medication discrepancy, deﬁned as differences between the
patient’s reported history and the clinic’s medication record, at exit.
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Results At exit, the eKidneyCare group had fewer total medication discrepancies compared with MyMedRec
(median, 0.45; interquartile range, 0.33–0.63 versus 0.67; interquartile range, 0.40–1.00; P50.001), and the change
from baseline was 0.1360.27 in eKidneyCare and 0.3060.41 in MyMedRec (P50.007). eKidneyCare use also
reduced the severity of clinically relevant medication discrepancies in all categories, including those with the
potential to cause serious harm (estimated rate ratio, 0.40; 95% conﬁdence interval, 0.27 to 0.63). Usage data
revealed that 72% of patients randomized to eKidneyCare completed one or more medication reviews per month,
whereas only 30% of patients in the MyMedRec group (adjusted for dropouts) kept their medication proﬁle on
their phone.
Conclusions In patients who are high risk and have CKD, eKidneyCare signiﬁcantly reduced the rate and severity
of medication discrepancies, the proximal cause of medication errors, compared with the active comparator.
Clinical Trial registry name and registration number: www.ClinicalTrials.gov, NCT:02905474.
CJASN 16: 532–542, 2021. doi: https://doi.org/10.2215/CJN.15020920

Introduction
Adverse drug reactions (ADRs) are common in ambulatory patients with CKD, with a recent study reporting
rates of 14.4 per 100 person-years overall and 2.7 per
100 person-years for serious ADRs (1). The economic
consequences are immense, with increased health care
utilization resulting from added outpatient visits and
costly hospitalizations (2,3). Patients with CKD who
have several comorbid conditions, take a large number
of prescribed drugs, see multiple physicians, or have
severely impaired kidney function are particularly at
risk (1,4). Other contributing factors include prescribing
errors, monitoring failures, and even the patients
themselves, who often intentionally change or stop
treatment without consulting their clinical team (1,5–7).
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Improving medication safety and reducing the
burden of ADRs are high priorities worldwide, as
many instances are preventable (8). In patients with
CKD, it is estimated that 32% of serious ADRs are
likely or potentially preventable (1). However, past
community-based preventive programs for patients
with CKD showed little beneﬁt (9,10), signaling the
need for new approaches to optimize medication
management (11). An important ﬁrst step in improving medication safety is medication reconciliation, a
process to identify and resolve medication discrepancies, the forerunner of serious ADRs (12,13). Although medication reconciliation is traditionally a
clinician-driven endeavor, it is possible for patients
who are ambulatory to become actively involved in
www.cjasn.org Vol 16 April, 2021

CJASN 16: 532–542, April, 2021

the process. This was shown in a study from Boston,
Massachusetts, where patients were given online access to
update medication data on an ambulatory electronic health
record and report medication concerns to their physician
before clinic visits (14,15). Poor communication between
patients and clinicians is also an important major medication safety issue. In an ambulatory care study, 28% of
adverse events classiﬁed as ameliorable were attributed to
patients failing to notify their clinicians about medicationrelated problems, or the failure of physicians to address
patient-reported symptoms (16). These communication
failures can potentially be overcome by developing an
integrated digital health platform that facilitates the bidirectional transfer of medication-related information between patients and clinicians in real time.
This study conﬂates a patient-centered approach to
medication reconciliation with our experience in creating
and evaluating mobile phone–based applications (apps) to
support self-management for people with long-term health
conditions (17,18). The apps’ core features are algorithmdriven remote monitoring of key clinical parameters and
the integration of the results into the workﬂow of the
clinical team. We built the eKidneyCare app to enable
patients with CKD to manage four self-care behaviors,
including medications (19). The objective of this study was
to evaluate in a randomized controlled trial the effectiveness of using the eKidneyCare app for medication reconciliation to reduce medication discrepancies. We
hypothesized that its use by patients with CKD would
decrease the rate and severity of medication discrepancies,
the proximal cause of serious ADRs in this high-risk
population, compared with the active comparator,
MyMedRec, a standalone app for storing medication
and other health information (20).

Materials and Methods
Study Design
This study is a 1-year, single-blind (investigators),
randomized controlled trial comparing the use of eKidneyCare to MyMedRec for medication management in
patients with CKD.
Setting and Study Participants
Clinic staff at each of six nephrology outpatient clinics at
the University Health Network and Mount Sinai Hospital,
academic medical centers in Toronto, Canada, screened
English-speaking adults ($18 years of age) with CKD stage
3b to stage 5d (eGFR ,45 ml/min to dialysis) for eligibility.
Those who had medically documented cognitive impairment, lived in a long-term care facility, were taking ,2
prescription medications, were unavailable for extended
periods of time, or were participating in other intervention
trials were excluded. The institutional research ethics board
approved the study (institutional research ethics board
number: 16–5002), and all participants gave written informed consent.
Recruitment and Randomization
Eligible patients were mailed a study information sheet,
and those interested in participating were asked to contact
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the study staff. Recruitment occurred over 4 months until
the required sample size was reached. Enrollees were
randomized in a 1:1 ratio using a secure web-based service
(Randomize.net, Ottawa, Canada) to generate randomized
block permutations stratiﬁed by dialysis status. Each
randomization code was paired to a smartphone (Samsung
Galaxy Grand Prime, Seoul, South Korea) preloaded with
eKidneyCare or MyMedRec. All study participants received a smartphone containing the assigned mobile app
and Bluetooth-enabled home BP monitor (Life Source UA767; A&D Medical, San Jose, CA) with instructions on use
from the Canadian Hypertension Education Program. They
were advised to ask their physician about the frequency of
home BP measurements. All participants received instructions on features and functionalities of their assigned
mobile app. Each study subject completed the Rapid
Estimate of Adult Literacy in Medicine test and questionnaires to determine familiarity with and use of technologic
tools and home BP monitoring.

Intervention
The experimental intervention was eKidneyCare, and the
system architecture is illustrated in Figure 1. Components
included a smartphone app and a Bluetooth-enabled BP
monitor for patients, a web-based dashboard for clinicians,
data servers to execute algorithms, and interfaces with
clinical repositories for medications and laboratory results.
eKidneyCare targeted four self-care behaviors: managing
medications, monitoring BP, assessing symptoms, and
tracking key CKD laboratory tests (eGFR, hemoglobin,
potassium, phosphate). For medication management, it
prompted patients monthly to review their medication list
on their smartphone and reported changes, additions, or
medication problems to the clinical team for reconciliation
and, if necessary, initiation of interventions. eKidneyCare
automatically synchronized with the clinic pharmacy
database to ensure patients had an updated medication
list on their smartphone. Built-in algorithms reminded
patients to take BP measurements, with contextualized
results displayed immediately on the smartphone screen. It
alerted nurses and physicians if BP thresholds were
exceeded. Furthermore, each month, eKidneyCare prompted patients to assess for the presence and severity of CKDrelated symptoms and alerted the clinical team should
action be necessary. Finally, key CKD test results were
automatically sent to the patients’ smartphones, along with
system-generated interpretive messages.
The control group received a smartphone preloaded with
the MyMedRec app and home BP monitor. MyMedRec is a
commercially available, standalone app speciﬁcally designed for users to manually enter and maintain a comprehensive health record such as a medication list, BP
readings, and laboratory test results. Users have the option
to share it with other individuals, including health care
providers, via a built-in email feature.
All patients continued to receive usual care and followed
standard clinic procedures. Given the nature of the intervention, it was not possible to conceal treatment assignments from patients, clinical staff, and study coordinators.
Research staff involved in assessing outcomes, including
adjudication of medication discrepancies and their clinical
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Figure 1. | System architecture. The components included a smartphone application and Bluetooth-enabled BP monitor for patients,
web-based dashboard for clinicians, data servers to execute algorithms and store data, and live interfaces with clinical repositories for
medications and laboratory results.

severity, and providing technical support were blinded to
treatment assignment.
Assessments
The effectiveness of eKidneyCare was assessed by collecting
data on key variables at baseline and study exit. Medication
discrepancies were identiﬁed by having a pharmacist or
certiﬁed pharmacy student take a comprehensive medication
history from patients and comparing the information to the
medical chart and retail pharmacy record. Differences in dose
or frequency of all medications and unexplained presence or
absence of medications were recorded as discrepancies (21).
The total number of medication discrepancies for all medications and clinically relevant medications were determined,
deﬁning clinically relevant as any medication related to CKD
treatment (antihypertensives, hypoglycemics, phosphate binders, anemia agents). All clinically relevant discrepancies were
further categorized for their severity independently by four
individuals using the National Coordinating Council for
Medication Error Reporting and Prevention Index (22,23)
(Supplemental Appendix 1). Agreement by three was required
to designate a severity category for a discrepancy, and
disagreements were resolved by a ﬁfth adjudicator. Medications used for dialysis treatments (e.g., heparin, antibiotics)
were not included as part of the medication assessment.
BP was assessed in the clinic and at home using
standardized protocols. Clinic measurements were taken
with patients sitting alone in a quiet room by the BpTru
BPM 200 sphygmomanometer, which automatically takes
six readings and averages the last ﬁve. Home readings
were taken in the sitting position, using an automated
validated home BP monitor. Patients took two BP readings
daily in the morning and evening for 7 days, and the

second of the two paired readings was averaged to derive
the summary measure.
Satisfaction with the mobile app was derived from usage
data stored on the data servers and smartphones, and
reported as the frequency and duration of app use. Data on
patient-reported outcomes were obtained by having participants complete the Hospital Anxiety and Depression
Scale, the Veterans Rand 12-item health survey, and the
EuroQol-5 Dimension on entry and at exit. Patient characteristics, comorbidities, laboratory tests, and number of
emergency room visits and hospitalizations during the
study period were collected from electronic and clinic
medical records.
Outcomes
The primary outcome was the medication discrepancy
rate for all medications at exit, calculated as the total
number of medication discrepancies standardized for the
total number of medications (number of medication discrepancies per medication). Secondary outcomes included
clinic (6 and 12 months) and home BP (12 months), CKDspeciﬁc (hemoglobin, potassium, and phosphate) laboratory test results, other medication outcomes including the
clinical severity of medication discrepancies, satisfaction
measured by mobile app usage, and quality of life scores
from patient-reported outcome measures.
Sample Size
Sample size was based on reported medication discrepancy rates and changes observed in prior randomized
controlled trials of hospital-based medication reconciliation
interventions, given the paucity of comparable communitybased intervention data (24). We calculated that 80 study
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subjects per arm would give 80% power to detect an
absolute reduction in the percentage of participants, with a
medication discrepancy from 65% to 43%, and with a twosided 5% signiﬁcance level in a z-test for two proportions.
Based on an anticipated attrition rate of 10%, we increased
the number to 88 subjects per arm.

Data Analysis
Continuous variables were summarized as mean6SD or
median and interquartile range (IQR), as appropriate, and
categorical variables were summarized by counts and frequencies. The primary outcome (number of discrepancies per
medication) was compared between groups using the Wilcoxon rank-sum test. Sensitivity of the primary analysis to
missing data was assessed using a multiple imputation
procedure, with the baseline value of the outcome predicting
the 1-year value by predictive mean matching of the R
package mice (25). Results for a two-sample comparison of

Enrollment

means were pooled over 100 imputed datasets, and the
Wilcoxon rank-sum P value was also computed on each
dataset. Rate ratio and 95% conﬁdence interval (95% CI)
estimates for number of medication discrepancies per year
were derived from Poisson regression, with per-subject
random effects to account for overdispersion. Statistical tests
of interaction were used to assess whether the effects of the
intervention were consistent across prespeciﬁed subgroups.
Statistical signiﬁcance of changes in laboratory parameters
was assessed using paired t tests for continuous variables or
McNemar’s test for binary variables. All tests used a twotailed a of 0.05. Data were analyzed using R (version 4.0.2;
R Foundation for Statistical Computing, Vienna, Austria).

Results
Patients
Of the 424 patients who were potentially eligible (Figure 2), 109 (26%) declined participation, and 133 (31%) were

Eligible for Study
(n = 424)
Not Enrolled (n = 242)
Reasons:
iDeclined to participate (n = 109)
iOther reasons (n = 133)
77 = interested but study at full capacity
56 = did not follow up because study at full capacity
Randomized (n = 182)

Allocation
Allocated to MyMedRec (n = 93)
iReceived allocated intervention (n = 92)
iDid not receive allocated intervention (n = 1)
xPatient withdrew prior to study start

Allocated to eKidneyCare (n = 89)
iReceived allocated intervention (n = 89)
iDid not receive allocated intervention (n = 0)

Follow-Up
Discontinued intervention (n = 9)
xDeceased (n = 1)
xPatient voluntary withdrawal (n = 5)
xTransfer out of facility / Transplant (n = 2)
xMedical complication (n = 1)

Discontinued intervention (n = 19)
xDeceased (n =1)
xPatient voluntary withdrawal (n = 6)
xTransfer out of facility / Transplant (n = 5)
xMedical complication (n = 7)

Analysis
Analyzed (n = 82)
iNot included in final analysis (n = 7)
xDeceased (n = 1)
xPatient voluntary withdrawal (n = 5)
xMedical complication* (n = 1)

Analyzed (n = 83)
iNot included in final analysis (n = 10)
xDeceased (n = 1)
xPatient voluntary withdrawal (n = 1)
xTransfer out of facility / Transplant (n = 1)
xMedical complication* (n = 7)

* Medical complication indicates participants who had a serious clinical event and were unable to continue in the study;
consequently, no endpoint data were collected.

Figure 2. | CONSORT diagram.
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not further contacted as the required sample size was
reached. In total, 182 (43%) were randomized to eKidneyCare (n589) or MyMedRec (n593). Overall, 154 (85%)
completed the full study duration. Of those who discontinued early, 12 (7%) voluntarily withdrew, and of the
remainder (n516), 11 patients agreed to complete the
endpoint assessment (total assessed5165%, 91%). Mean
study duration of follow-up was 10.862.8 months.
The primary causes of CKD are summarized in
Supplemental Appendix 2, and the baseline characteristics
in Table 1. The majority of participants were White (56%)
and male (65%), and the mean age was 57615 years. Most
(92%) had two or more comorbid conditions. The median
number of medications in the two study groups at entry
was similar, and 51% of all patients were prescribed ten or
more medications. At entry, 70% of patients had at least
one clinically relevant medication discrepancy. No group
differences were seen in total medication discrepancies and
clinically relevant medication discrepancies per patient.
The proportion of all patients labeled as having hypertension at entry was 69%, and the majority (67%) had their BP
under control (clinic BP #135/85 mm Hg). Baseline
characteristics of patients, their use of technology and
home BP monitoring devices, and other variables were well
balanced, with no signiﬁcant differences.
Medication Discrepancy Outcomes
The primary outcome of discrepancy rate for all medications was 0.45 (IQR, 0.33–0.63) in the eKidneyCare
group and 0.67 (IQR, 0.40–1.00) for the MyMedRec group
(P50.001), and the change from baseline was 0.1360.27 in
the eKidneyCare group and 0.3060.41 in the MyMedRec
group (P50.007). Sensitivity analysis using multiple imputations for missing primary outcome values did not
change the results. For clinically relevant medications, the
discrepancy rates were 0.33 (IQR, 0.20–0.46) for eKidneyCare and 0.50 (IQR, 0.32–0.72) for MyMedRec, respectively
(P,0.001), with the change from baseline being signiﬁcantly lower for eKidneyCare than MyMedRec (0.0260.29
versus 0.1860.43, P50.004) (Table 2). Drug classiﬁcation
associated with clinically relevant medication discrepancies is outlined in Supplemental Appendix 3.
The total number of clinically relevant medication discrepancies per patient with the potential to cause patient harm
overall and by severity category was signiﬁcantly lower in
the eKidneyCare than the MyMedRec group (Table 2). For
discrepancies where the potential for harm is considered
severe, the total number was 0.2760.54 in the eKidneyCare
group, compared with 0.6360.91 in the MyMedRec group
(P50.002), with a rate ratio of 0.40 (95% CI, 0.24 to 0.66).
BP, Laboratory, and Other Secondary Outcomes
There were no signiﬁcant within-group or betweengroup changes in BP, laboratory tests, and patient-reported
outcome measures from baseline to exit (Table 3). Usage
data revealed 72% of eKidneyCare users completed one or
more medication reviews per month of study participants
(Figure 3A). In contrast, only 28 MyMedRec users (30%,
adjusted for dropouts) had a medication proﬁle on their
phone. Patients using eKidneyCare also took almost twice
as many BP readings as those using MyMedRec (median, 194;

IQR, 94–338 versus 102; IQR, 28–182, P,0.0001), in a
sustained pattern over the 1-year study (Figure 3B).

Discussion
In this randomized controlled trial, we found that patients
who used eKidneyCare, a fully integrated digital health app,
had better outcomes than those using MyMedRec. Our
results showed total and CKD clinically relevant medication
discrepancies were signiﬁcantly lower for the eKidneyCare
group compared with the MyMedRec group at exit. The
observed beneﬁts were consistent across all categories of
severity, and eKidneyCare users experienced nearly half the
number of discrepancies that potentially can cause serious
harm to patients with CKD and lead to hospitalization.
Patients using eKidneyCare frequently used the medication
feature throughout the study, and compared with MyMedRec
participants, were more adherent with home BP monitoring
and sustained that activity throughout. The study highlights
the acceptability and sustainability of using eKidneyCare
features and its effectiveness in reducing medication discrepancies, the forerunner of ADRs.
There are several reasons that might account for the
better results with eKidneyCare on medication management. First, it recognizes the importance of patient participation in their own care and strengthens their role in
maintaining an accurate medication list. Second, eKidneyCare extends medication management beyond the traditional medication reconciliation process by opening
communication channels between patients and their clinical team between clinic visits, so that medication discrepancies and related problems can be addressed early to
prevent ADRs. It has been posited that the lack of patientclinician communication or the patient’s inability to communicate medication-related concerns may account for more than
half of preventable ADRs in ambulatory care (16,26,27).
Although this study was not adequately powered to evaluate
whether eKidneyCare can avert serious ADRs, we did observe
a 60% rate reduction in discrepancies that could seriously
harm patients and result in emergency room visits and
hospitalization. The possibility of increased health care utilization is supported by recent evidence demonstrating an
association between medication discrepancies and hospitalization in patients with CKD (28). Finally, eKidneyCare
breaks down medication data silos, which studies have
shown magnify medication errors (29,30), by allowing all
users access to a common clinic pharmacy database and
through secure communication channels, seamlessly connecting all stakeholders so that issues surrounding medication
safety can be addressed quickly and efﬁciently. The integrated process of medication review and the synchronization
of the patients’ apps with the clinical pharmacy database
also ensured that patients using eKidneyCare always had
an updated medication list on their smartphone.
This study demonstrated for the ﬁrst time that it is
feasible to engage patients remotely in medication reconciliation and sustain their involvement over a year. The
high rate of use of the medication feature in eKidneyCare
throughout the study suggests patients perceived value in
using it, and willingly accepted the responsibility of being
involved in medication reconciliation. eKidneyCare also
captures the trend toward increased home management of
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Table 1. Baseline patient characteristics
Variablea
N
Age, yr (SD)
Male, n (%)
CKD stage, n (%)
3b
4
5
Dialysis
Home nocturnal hemodialysis
In-center hemodialysis
Peritoneal dialysis
Education, n (%)
Graduate
College/University
High school
Primary school
Not stated
Health literacy REALM scores, n (%)
Grade 3 or below
Grade 4–6
Grade 7–8
High school
Ethnicity, n (%)
White
Black (Non-Hispanic)
Asian (Southeast Asian, Asian, South Asian)
First nations
Hispanic
Other or did not disclose
Comorbidity
Number of comorbidities, median (IQR)
Number of comorbidities, n (%)
0–1
2–3
4–5
$6
Diabetes mellitus, n (%)
Hypertension, n (%)
Medications
Total number of medications per patient, median (IQR)
Number with ten or more medications, n (%)
Antihypertensive medications, median (IQR)
Number with HTN medications, n (%)
0
1
2
$3
Total medication discrepancy rate, median (IQR)
Clinically relevant medication discrepancy rate, median (IQR)
BP, mm Hg, mean6SD, mm Hg
Clinic systolic BP
Clinic diastolic BP
Home systolic BP
Home diastolic BP
Laboratory tests, n (%) in range
Hemoglobin (10.0–12.0 g/dl)
Potassium (3.5–5.1 mEq/L)
Phosphate (,4.6 mg/dl)
Patient-reported outcome measures, mean6SD
Hospital Anxiety and depression scale
Veterans Rand-12 physical component score
Veterans Rand-12 mental component score
EQ-5D
Use of technology, n (%)
Personal computer
Smartphone
Cellphone
Tablet
Home BP monitor

eKidneyCare

MyMedRec

89

93

56 (14)
54 (61)

58 (16)
64 (69)

11 (12)
24 (27)
25 (28)
29 (33)
18 (20)
0 (0)
11 (12)

13 (14)
33 (36)
16 (17)
31 (33)
19 (20)
1 (1)
11 (12)

10 (11)
53 (60)
19 (21)
5 (6)
2 (2)

24 (26)
51 (55)
15 (16)
2 (2)
1 (1)

0 (0)
4 (5)
21 (24)
62 (71)

2 (2)
1 (1)
16 (18)
71 (79)

53 (60)
10 (11)
22 (25)
1 (1)
2 (2)
1 (1)

49 (53)
17 (18)
26 (28)
0 (0)
1 (1)
7 (8)

4 (3–6)

5 (3–7)

5 (6)
29 (33)
27 (30)
28 (32)
26 (29)
65 (73)

10 (11)
17 (18)
29 (31)
37 (40)
31 (33)
60 (65)

10 (8–14)
44 (49)
2 (1–4)

11 (8–15)
48 (52)
2 (1–4)

11 (12)
17 (19)
19 (21)
42 (47)
0.38 (0.25–0.54)
0.33 (0.20–0.46)

14 (15)
20 (21)
19 (20)
40 (43)
0.38 (0.29–0.53)
0.30 (0.17–0.50)

125623
77613
129620
77613

122620
76613
126618
76612

47 (53)
77 (88)
29 (39)

53 (57)
80 (87)
27 (34)

8.765.8
39.6610.4
50.269.2
0.860.2

9.066.3
40.269.6
49.8610.7
0.860.2

75 (84)
53 (60)
43 (48)
49 (55)
66 (74)

77 (83)
56 (60)
42 (45)
53 (57)
63 (68)
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Table 1. (Continued)
Variablea

eKidneyCare

MyMedRec

89

93

30 (34)
9 (10)
31 (35)
12 (14)
8 (9)
10 (11)

25 (27)
9 (10)
35 (38)
9 (10)
7 (8)
17 (18)

N
Use of medication management tools, n (%)
Nothing
Blister package
Dosette box
Handwritten list
Self-generated computer list
Pharmacy-generated list

REALM, Rapid Estimate of Adult Literacy in Medicine; IQR, interquartile range; HTN, hypertension; EQ-5D, EuroQol-5 Dimension.
a
There were no signiﬁcant differences between the two groups for any variable.

chronic conditions, now spurred on by the COVID-19 pandemic, and demonstrates the feasibility of conducting
medication reconciliation without the necessity of face-to-face
interviews. The severe restrictions on in-person clinical
visits have accelerated the adoption of technologies that
enhance home care and integrate medical information.
eKidneyCare is perfectly placed to take advantage of these
changes, by offering patients an effective digital health tool
that supports the self-management of many facets of kidney
care. Finally, the study showed the limitations of standalone
apps such as MyMedRec because only a minority of patients
kept their medication proﬁle on their phone.

This study has some limitations. We have no data on
how frequently individuals randomized to MyMedRec
actually performed medication reconciliation. Also, medication discrepancies were only categorized by their potential for patient harm, a process measure, and not actual
ADRs. A study designed to relate ADRs to health-resource
outcomes or clinical events would require a larger study of
longer duration. There may be concerns about the generalizability of the study’s ﬁndings, in that participants with
higher education levels and considerable experience using
a smartphone were overrepresented. More than likely,
individuals on dialysis had more intensive medication

Table 2. Medication discrepancy outcomes at exit by study group
eKidneyCare
(n582)

MyMedRec
(n583)

0.45
(0.33–0.63)
0.1360.27
5
(3–7)
11
(8–14)

0.67
(0.40–1.00)
0.3060.41
6
(4–10)
11
(8–13)

62
(70)

70
(75)

0.30

0.33
(0.20–0.46)
0.0260.29
3
(2–4)
8
(6–11)

0.50
(0.32–0.72)
0.1860.43
4
(2–6)
8
(6–11)

,0.001

2.6662.19

4.1663.70

Category D or higher

1.6661.88

3.0863.31

Category E or higher

0.9461.25

1.6561.83

Category E1 or higher

0.2760.54

0.6360.91

0.004 0.61
(0.48–0.78)a
,0.001 0.52
(0.38–0.70)a
0.002 0.54
(0.39–0.76)a
0.002 0.40
(0.24–0.66)a

Outcome
Primary outcome
All medications
Discrepancy rate, median (IQR)
Change in discrepancies from entry, mean6SD
Number of discrepancies per patient, median (IQR)
Total number of medications per patient, median (IQR)
Secondary outcomes
Proportion of patients with $1 clinically relevant medication
discrepancies, n (%)
Clinically relevant medications
Discrepancy rate, median (IQR)
Change in discrepancies from entry, mean6SD.
Number of clinically relevant discrepancies per patient, median (IQR)
Number of clinically relevant medications per patient, median (IQR)
b

Severity of clinically relevant medication discrepancies , mean6SD
All categories

P value

0.001
0.007
0.01
0.95

0.004
0.001
0.97

IQR, interquartile range.
a
Rate ratio (95% conﬁdence interval).
b
Severity on the basis of National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) Index.
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Table 3. Secondary outcomes at exit by study group
Variable

eKidneyCare

n

MyMedRec

N

P Value

20.16620.1
20.26611.1
21.81622.2
21.52612.9

82
82
83
83

21.21618.9
21.7869.9
22.61619.4
21.49610.3

77
77
82
82

0.78
0.24
0.78
0.91

22.22616.9
20.2668.9

80
80

0.96614.1
0.1067.1

62
62

0.33
0.92

0.0161.29
20.160.6
0.0361.36

74
73
61

0.2561.11
20.160.7
20.1961.49

66
67
53

0.31
0.71
0.42

20.164.6
20.169.8
21.168.9
0.860.1

81
83
83
82

0.565.8
0.267.6
20.7610.3
0.860.2

70
79
79
77

0.33
0.88
0.46
0.41

194 (94–338)

89

102 (28–182)

93

,0.001

13 (15)

89

63 (68)

93

,0.001

a

HADS, Hospital Anxiety and Depression Scale; VR12-PCS, Veterans Rand-12 Physical Component Score; VR12-MCS, Veterans Rand-12 Mental Component Score; EQ-5D, EuroQol-5
Dimension; IQR, interquartile range.
Mean6SD change from baseline to exit, with positive numbers indicating an increase and negative a decrease.

a
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BP, mm Hg
Clinic BP, mean6SD
6 mo systolic BP
Diastolic BP
12 mo systolic BP
Diastolic BP
Home BP, mean6SD
12 mo systolic BP
Diastolic BP
Laboratory, mean6SDa
Hemoglobin, g/dl
Potassium, mEq/L
Phosphate, mg/dl
Patient-reported outcome, mean6SDa
HADS
VR12-PCS
VR12-MCS
EQ-5D
Patient satisfaction: Mobile app data usage
Per-person totals of BP measurements over study
period, median (IQR)
Number of patients with a gap .60 d between
consecutive BP readings over follow-up, n (%)

539

540
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Number of Patients with >=1 Medication Reviews
(eKidneyCare) during Study Duration*

A
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Figure 3. | Mobile application usage data and sustainability. (A) Number of patients using eKidneyCare with $ one patient-initiated medication
review during the study duration. (B) Percentage of patients by group with at least one home BP reading per month. *The sharp reduction in the
number of medication reviews in study month 12 is related to the large number of participants completing the study exit assessment in the 11th
month. The mean study duration was 10.8 months.

oversight given their frequent provider interactions, which
may have affected the number or severity of medication
discrepancies. As patients were randomized, we anticipate
any bias may have been present equally in both study arms
and postulate that the frequent contact would reduce the
observed effect size of the intervention. Criticism that there
was no control group, representing the current standard of
care, is mitigated by the observation that the majority of
study participants did not use MyMedRec to add medication information, although it was downloaded on their
phone and ready for use. Finally, although we followed the
instructions on the use of MyMedRec, it is certainly possible
that prepopulation of MyMedRec with medication information as we did for eKidneyCare might have affected the
outcome of the study.
In summary, eKidneyCare offers patients who are high risk
an effective digital tool to address the problem of medication
safety from home. The study also demonstrated it is possible to
actively integrate patients remotely in medication reconciliation and sustain their involvement over a year.
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4. Taché SV, Sönnichsen A, Ashcroft DM: Prevalence of adverse drug
events in ambulatory care: A systematic review. Ann Pharmacother 45: 977–989, 2011
5. Leape LL, Bates DW, Cullen DJ, Cooper J, Demonaco HJ, Gallivan
T, Hallisey R, Ives J, Laird N, Laffel G, Nemeskal R, Petersen LA,
Porter K, Servi D, Shea BF, Small SD, Sweitzer BJ, Thompson BT,
Vander Vliet M, Bates D, Hojnowski-Diaz P, Petrycki S, Cotugno M,
Patterson H, Hickey M, Kleefield S, Kinneally E, Dempsey Clapp M,
Hackman JR, Edmondson A; ADE Prevention Study Group: Systems
analysis of adverse drug events. JAMA 274: 35–43, 1995
6. Gurwitz JH, Field TS, Harrold LR, Rothschild J, Debellis K, Seger
AC, Cadoret C, Fish LS, Garber L, Kelleher M, Bates DW: Incidence and preventability of adverse drug events among older
persons in the ambulatory setting. JAMA 289: 1107–1116, 2003
7. Pound P, Britten N, Morgan M, Yardley L, Pope C, Daker-White G,
Campbell R: Resisting medicines: A synthesis of qualitative
studies of medicine taking. Soc Sci Med 61: 133–155, 2005
8. Donaldson LJ, Kelley ET, Dhingra-Kumar N, Kieny M-P, Sheikh A:
Medication without harm: WHO’s third global patient safety
challenge. Lancet 389: 1680–1681, 2017
9. Ishani A, Christopher J, Palmer D, Otterness S, Clothier B, Nugent
S, Nelson D, Rosenberg ME; Center for Innovative Kidney Care:
Telehealth by an interprofessional team in patients with CKD: A
randomized controlled trial. Am J Kidney Dis 68: 41–49, 2016
10. Tuttle KR, Alicic RZ, Short RA, Neumiller JJ, Gates BJ, Daratha KB,
Barbosa-Leiker C, McPherson SM, Chaytor NS, Dieter BP, Setter
SM, Corbett CF: Medication therapy management after hospitalization in CKD: A randomized clinical trial. Clin J Am Soc
Nephrol 13: 231–241, 2018
11. Perazella MA, Nolin TD: Adverse drug effects in patients with
CKD: Primum Non Nocere. Clin J Am Soc Nephrol 15:
1075–1077, 2020
12. Greenwald JL, Halasyamani L, Greene J, LaCivita C, Stucky E,
Benjamin B, Reid W, Griffin FA, Vaida AJ, Williams MV: Making
inpatient medication reconciliation patient centered, clinically
relevant and implementable: A consensus statement on key
principles and necessary first steps. J Hosp Med 5: 477–485, 2010
13. Pai AB, Cardone KE, Manley HJ, St Peter WL, Shaffer R, Somers M,
Mehrotra R; Dialysis Advisory Group of American Society of
Nephrology: Medication reconciliation and therapy management in dialysis-dependent patients: Need for a systematic approach. Clin J Am Soc Nephrol 8: 1988–1999, 2013
14. Staroselsky M, Volk LA, Tsurikova R, Newmark LP, Lippincott M,
Litvak I, Kittler A, Wang T, Wald J, Bates DW: An effort to improve

16.
17.

18.
19.

20.
21.

22.
23.

24.
25.
26.

27.

28.

29.

30.

541

electronic health record medication list accuracy between visits:
Patients’ and physicians’ response. Int J Med Inform 77: 153–160,
2008
Schnipper JL, Gandhi TK, Wald JS, Grant RW, Poon EG, Volk LA,
Businger A, Williams DH, Siteman E, Buckel L, Middleton B:
Effects of an online personal health record on medication accuracy and safety: A cluster-randomized trial. J Am Med Inform
Assoc 19: 728–734, 2012
Gandhi TK, Weingart SN, Borus J, Seger AC, Peterson J, Burdick E,
Seger DL, Shu K, Federico F, Leape LL, Bates DW: Adverse drug
events in ambulatory care. N Engl J Med 348: 1556–1564, 2003
Logan AG, Irvine MJ, McIsaac WJ, Tisler A, Rossos PG, Easty A,
Feig DS, Cafazzo JA: Effect of home blood pressure telemonitoring
with self-care support on uncontrolled systolic hypertension in
diabetics. Hypertension 60: 51–57, 2012
Logan AG, Jassal SV: Building a stronger care loop through
mHealth technology. JAMA Intern Med 178: 809–811, 2018
Ong SW, Jassal SV, Miller JA, Porter EC, Cafazzo JA, Seto E, Thorpe
KE, Logan AG: Integrating a smartphone-based self-management
system into usual care of advanced CKD. Clin J Am Soc Nephrol
11: 1054–1062, 2016
Institute of Safe Medicines Practices: Knowledge is the best
medicine. Available at: www.knowledgeisthebestmedicine.org/
index.php/en/app/. Accessed May 7, 2020
Gleason KM, Groszek JM, Sullivan C, Rooney D, Barnard C,
Noskin GA: Reconciliation of discrepancies in medication histories and admission orders of newly hospitalized patients. Am
J Health Syst Pharm 61: 1689–1695, 2004
Hartwig SC, Denger SD, Schneider PJ: Severity-indexed, incident
report-based medication error-reporting program. Am J Hosp
Pharm 48: 2611–2616, 1991
National Coordinating Council for Medication Error Reporting
and Prevention: Type of medication errors. Available at: https://
www.nccmerp.org/types-medication-errors. Accessed September 15, 2020
Mueller SK, Sponsler KC, Kripalani S, Schnipper JL: Hospitalbased medication reconciliation practices: A systematic review.
Arch Intern Med 172: 1057–1069, 2012
van Buuren S, Groothuis-Oudshoorn K: mice: Multivariate imputation by chained equations in R. J Stat Softw 45: 1–67, 2011
Thomsen LA, Winterstein AG, Søndergaard B, Haugbølle LS,
Melander A: Systematic review of the incidence and characteristics of preventable adverse drug events in ambulatory care. Ann
Pharmacother 41: 1411–1426, 2007
Sarkar U, Handley MA, Gupta R, Tang A, Murphy E, Seligman HK,
Shojania KG, Schillinger D: What happens between visits? Adverse and potential adverse events among a low-income, urban,
ambulatory population with diabetes. Qual Saf Health Care 19:
223–228, 2010
Sakhiya V, James J, Jhaveri KD, Zhang M, Ng JH, Halinski C,
Tomanguillo-Chumbe J, Fishbane S: The relationship between
medication discrepancies and hospitalization risk among patients
with advanced CKD. Kidney Int Rep 5: 225–228, 2019
Tamblyn R, Poissant L, Huang A, Winslade N, Rochefort CM,
Moraga T, Doran P: Estimating the information gap between
emergency department records of community medication compared to on-line access to the community-based pharmacy records. J Am Med Inform Assoc 21: 391–398, 2014
Manley HJ, Drayer DK, McClaran M, Bender W, Muther RS: Drug
record discrepancies in an outpatient electronic medical record:
Frequency, type, and potential impact on patient care at a hemodialysis center. Pharmacotherapy 23: 231–239, 2003

Received: September 15, 2020 Accepted: January 13, 2021
Published online ahead of print. Publication date available at
www.cjasn.org.
See related editorial, “Digital Solutions to Improve Medication
Safety in CKD,” on pages 499–501.

542

CJASN

AFFILIATIONS
1

Department of Pharmacy, University Health Network, Toronto, Ontario, Canada
Division of Nephrology, University Health Network, Toronto, Ontario, Canada
3
Leslie Dan Faculty of Pharmacy, University of Toronto, Toronto, Ontario, Canada
4
Toronto General Hospital Research Institute, University Health Network, Toronto, Ontario, Canada
5
Department of Medicine, University Health Network, Toronto, Ontario, Canada
6
Institute of Health Policy, Management and Evaluation, University of Toronto, Toronto, Ontario, Canada
7
Faculty of Medicine, University of Toronto, Toronto, Ontario, Canada
8
Department of Nursing, University Health Network, Toronto, Ontario, Canada
9
Centre for Global eHealth Innovation, Techna Institute, University Health Network, Toronto, Ontario, Canada
10
Institute of Biomaterials and Biomedical Engineering, University of Toronto, Toronto, Ontario, Canada
11
Ted Rogers Centre for Heart Research, Peter Munk Cardiac Centre, Toronto, Ontario, Canada
12
Program for Health System and Technology Evaluation, Toronto, Ontario, Canada
13
Toronto Health Economics and Technology Assessment Collaborative, Toronto, Ontario, Canada
14
Diabetes Action Canada, Canadian Institutes of Health Research Strategy for Patient-Oriented Research Network, Toronto, Ontario, Canada
15
Lunenfeld-Tanenbaum Research Institute, Sinai Health, Toronto, Ontario, Canada
16
Department of Medicine, Sinai Health, Toronto, Ontario, Canada
2

