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Abstract

Background: Previous studies on clinical decision support systems (CDSSs) for the management of renal anemiain patients
with end-stage kidney disease undergoing hemodialysis have previously focused solely on the effects of the CDSS. However,
the role of physician compliance in the efficacy of the CDSS remainsill-defined.

Objective:  We aimed to investigate whether physician compliance was an intermediate variable between the CDSS and the
management outcomes of renal anemia.

Methods: We extracted the electronic health records of patients with end-stage kidney disease on hemodialysisat the Far Eastern
Memorial Hospital Hemodialysis Center (FEMHHC) from 2016 to 2020. FEMHHC implemented a rule-based CDSS for the
management of renal anemia in 2019. We compared the clinical outcomes of renal anemia between the pre- and post-CDSS
periods using random intercept models. Hemoglobin levels of 10 to 12 g/dL were defined as the on-target range. Physician
compliance was defined as the concordance of adjustments of the erythropoietin-stimulating agent (ESA) between the CDSS
recommendations and the actual physician prescriptions.

Results: Weincluded 717 eligible patients on hemodialysis (mean age 62.9, SD 11.6 years; male n=430, 59.9%) with a total
of 36,091 hemoglobin measurements (average hemoglobin and on-target rate were 11.1, SD 1.4, g/dL and 59.9%, respectively).
The on-target rate decreased from 61.3% (pre-CDSS) to 56.2% (post-CDSS) owing to a high hemoglobin percentage of >12 g/dL
(pre: 21.5%; post: 29%). The failure rate (hemoglobin <10 g/dL) decreased from 17.2% (pre-CDSS) to 14.8% (post-CDSS). The
average weekly ESA use of 5848 (SD 4211) units per week did not differ between phases. The overall concordance between
CDSS recommendations and physician prescriptions was 62.3%. The CDSS concordance increased from 56.2% to 78.6%. In the
adjusted random intercept model, the post-CDSS phase showed increased hemoglobin by 0.17 (95% CI 0.14-0.21) g/dL, weekly
ESA by 264 (95% CI 158-371) units per week, and 3.4-fold (95% CI 3.1-3.6) increased concordance rate. However, the on-target
rate (29%; odds ratio 0.71, 95% CIl 0.66-0.75) and failure rate (16%; odds ratio 0.84, 95% CI 0.76-0.92) were reduced. After
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additional adjustments for concordance in the full models, increased hemoglobin and decreased on-target rate tended toward
attenuation (from 0.17t00.13 g/dL and 0.71t0 0.73 g/dL, respectively). Increased ESA and decreased failure rate were compl etely
mediated by physician compliance (from 264 to 50 units and 0.84 to 0.97, respectively).

Conclusions:  Our results confirmed that physician compliance was a complete intermediate factor accounting for the efficacy
of the CDSS. The CDSS reduced failure rates of anemia management through physician compliance. Our study highlights the

importance of optimizing physician compliance in the design and implementation of CDSSs to improve patient outcomes.

(IMIR Form Res 2023;7:e44373) doi: 10.2196/44373
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Introduction

Anemiais one of the most important complications of kidney
failure and is associated with significant morbidity, mortality,
and cost. Modern therapeutics such as recombinant
erythropoietin-stimulating agent (ESA) and hypoxia inducible
factor propylhydroxylase inhibitor [1] provide pharmacologic
treatment for anemiain patients with end-stage kidney disease
(ESKD). ESA treatment has been proven to improve quality of
life [2] and reduce hospitaization [3] and mortality [4].
However, optimal management of anemiaremains challenging.
Current clinical guidelines recommend an optimal hemoglobin
(Hb) range of 10-11 g/dL [5-7]. Underdosing of ESA failsto
maintain optimal Hb range, and overdosing of ESA increases
health care costs and is associated with increased mortality [8,9].

ESA responsiveness in patients with ESKD is considered
“complex, non-linear, and dynamic” [10] with high interpersonal
variability. Several parameters are associated with the
responsiveness of ESA, including iron status [11], age, sex,
comorbidity, BMI, nutritional status, chronic inflammation,
heart failure, etc [10]. The complex and nonlinear relationship
between anemia-mitigating therapeutics and treatment responses
has prompted researchers to develop several clinical decision
support system (CDSS) programs to address this clinicaly
challenging problem. Typically, CDSSs are developed based
on expert-driven decision rules or data-driven decision
algorithms to improve health care implementation or patient
outcomes. Nevertheless, the most important factor that hinders
the successful implementation of the CDSS is physician
compliance. Previous CDSS studies have focused mainly on
comparing the treatment effects of CDSS [12-15]. Brier et &
[16] conducted a randomized controlled trial of a CDSS and
usual care. Miskulin et al [17] conducted acluster analysiswith
acontrol group. Four other studies used an observational study
design to compare the results before and after CDSS [18-21].
These prior studies revealed the inconsistent effects of CDSSs,
including decreasing Hb variability, increasing compliance with
Hb targets, reducing ESA dose, and reducing workload
[14,16,17,20,22,23]. However, we could not infer the impact
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of physicians' compliance on CDSS efficacy based on their
findings.

In theory, the CDSSis designed to collect and integrate clinical
information and then generate actionable recommendations for
clinical decision-making to support frontline health care
providers. However, real-world evidence suggeststhat the CDSS
has limited applications for change in the behavior of frontline
health care providers. A systematic analysis investigating 166
randomized controlled trials revealed that only 52%-64% and
15%-31% of studies indicated that CDSSs either changed the
health care processes or actually improved patient prognosis
[24], respectively. Adequate evidence confirmsthat compliance
with CDSSs s acritical factor in determining whether CDSSs
can change health care providers behavior [25-29]. However,
none of the aforementioned studies investigated the important
role between physician compliance with CDSSs and CDSS
treatment effects.

To address this knowledge gap, we conducted this study to
evaluate the impact of physician compliance with CDSSs for
anemia management in patients with ESKD undergoing
hemodiaysis.

Methods

Data and Population

We extracted the electronic health records of patients with
ESKD undergoing hemodialysis at the Far Eastern Memorial
Hospital (FEMH) medical center from 2016 to 2020. Patients
with ESKD were defined as those on stable hemaodialysis for
>3 months. Standard |aboratory testsincluded Hb measurements
twice per month and biochemica measurements once per month.
We included only adult patients (age >20 years) who had
outpatient dialysis records and at least three eligible Hb
measurements. For each eligible “index-Hb,” we extracted a
“pre-Hb” and “ post-Hb” record defined as Hb measured 2 weeks
before and 2 weeks after the index date, respectively. Three
sequential eligible Hb measurements (pre-Hb, index Hb, and
post-Hb) constituted a complete observational data point for
analysis. A flowchart of cohort establishment isshownin Figure
1
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Figure 1. Flowchart of patients and data points. CDSS: clinical decision support system; EHR: electronic health record; FEMH: Far Eastern Memorial

Hospital; Hb: hemoglobin.

Enrolled patients undergoing hemodialysis at FEMH from 2016/1 to 2020/12 (N=3995)

Excluded patients (n=3276)

1. Hemodialysis duration less than 90 days (n=3250)
2. Aged less than 20 years old (n=0)

3. Without outpatient hemodialysis records (n=21)
4. Without three consecutive measurements of

hemoglobin (within 7-21 days) (n=5)

From EHR database of 719 patients, we extracted three consecutive measurements of Hb (within 7-21
days) as one data point. We defined the date of the second Hb measurement as the index date and

defined the time period by the index date. We obtained a total of 46,414 data points.
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CDSSfor ESA Prescription

The FEMH Hemodialysis Center (FEMHHC) has been
implementing el ectronic health records since 2016. In 2019, the
FEMHHC adopted the computerized CDSSfor the prescriptions
of ESA and iron supplements (Supplements 1 and 2 in
Multimedia Appendix 1).

The CDSSimplemented in FEMHHC in 2019 is aruled-based
CDSS developed and modified by nephrology experts.
Specifically, the rule-based CDSS algorithms would input the
prior Hb levels, latest Hb level, changesin Hb levels, and prior
prescriptionsin the past 2 weeks; then the CDSSwould calculate
the change of Hb and iron profile under the ESA dose. Finally,
the CDSS would output recommended doses of ESA and iron
supplement for physicians to consider. The physicians would
still have to make the final prescriptions on the doses of ESA
and iron supplement. At the physician’sdiscretion, the physician
could accept the CDSS-recommended doses or prescribe
different doses. There was neither interruption in the workflow
nor administrative intervention (encouragement or punishment)
for physician compliance with the CDSS.

https://formative.jmir.org/2023/1/e44373
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Study Outcomes

The CDSS program was implemented at FEMH in 2019.
Therefore, we divided the datainto three chronological phases:
the pre-CDSS phase (from 2016 to 2018), the CDSS
implementation phase (2019), and the post-CDSS phase (2020).
We compared the indicators (absolute Hb level, on-target rate
[defined asthe percentage of Hb levelsbetween 10 and 12 g/dL ],
failure rate [defined as Hb<10 g/dL]) and anemia control
behaviors (weekly ESA dosage, ESA prescription change rate,
and CDSS concordancerate) in the pre- and post-CDSS phases.
Concordance with the CDSS was defined as <50% for the
difference between ESA suggested dose (according to the
CDSS) and the prescribed physician ESA dose in the same
direction (addition or reduction in doses). We used the
concordance rate as an indicator of physician compliance with
the CDSS.

Statistical Section and Missing Data Handling M ethod

Considering the dependence between repeated measurements
within individuals, we used random intercept mixed models to
examine differences in the distributions of all variables during
the pre- and post-CDSS phases. All covariates were included
in the full model to adjust for confounding factors that might
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interfere with the primary outcomes. The covariates of interest
included weight; weight gain; heparin use; types of vascular
access;, dialysis frequency; and serum levels of abumin,
calcium, phosphate, potassium, parathyroid hormone, ferritin,
and iron saturation.

For missing Hb data, we would discard this observation because
Hb is the key outcome variable in this study. For missing
laboratory data, we would use the last laboratory data within
the previous 3 months.

We further added CDSS concordances as an intermediate
variable in the full model to assess the role of CDSS
concordance in the causa relationship between CDSS
implantation and parameters of anemia controls. Observed
power was cal culated according to Cohen [30,31].

We applied an interaction term in the full model to determine
whether age and weight maodified the changesin anemiacontrol
in the pre-CDSS and post-CDSS phases. All analyses were
performed using the SAS software (version 9.4; SAS Institute
Inc).

Ethical Consider ations

The FEMH Research Ethics Committee waived the requirement
for informed consent in this retrospective observational study
on electronic health records (FEMH No. 109178-E). All methods
were carried out in accordance with the Declaration of Helsinki
and with relevant guidelines and regulations. The study data
were deidentified, and there was no compensation for study
subjects.

Results

Weincluded 717 eligible hemodialysis patientswith 36,091 Hb
measurements during the study period (Table 1). Each patient
contributed 19.5 measurements of Hb per year, their mean age
was 62.9 (SD 11.6) years, and the number of male patients was
430 (59%). Morethan half (n=418, 58.2%) of the patientswere
diabetic, and 187 (26.1%) had chronic hepatitis B or C. Most
patients (n=603, 84%) received hemodialysis via an
arteriovenous fistula. Ferritin levels were higher in the
post-CDSS than pre-CDSS (455 vs 342 ng/dL) stage. Other
biochemical test results were not significantly different in the
pre-CDSS and post-CDSS phases.
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The average Hb was 11.1 (SD 1.4) g/dL and the on-target rate
(Hb 10-12 g/dL) was 59.9%. The on-target rate decreased post
CDSS (pre vs post: 61.3% vs 56.2%) owing to a higher
percentage of Hb >12 g/dL (pre vs post: 21.5% vs 29%). The
failure rate (Hb <10 g/dL) decreased post CDSS (pre vs post:
17.2% vs 14.8%). The average weekly ESA use of 5848 (SD
4211) units per week did not differ between the two phases.

When new Hb measurement data were available, ESA
prescriptions were adjusted in 7198 of 36,091 (19.9%)
observations. In the post-CDSS phase, the prescription
adjustment rate increased nearly 2-fold (4072/26,218, 15.5%
vs 3126/9873, 31.7%). The overal concordance between the
CDSS recommendations and physician prescriptionswas 22,492
of 36,091 (62.3%). Further, we included the laboratory and
prescription datain the pre-CDSS phaseinto the model to derive
CDSS recommendationsfor the pre-CDSS phase prescriptions.
We then compared the actual prescriptions and
CDSS-recommended prescriptions in this pre-CDSS phase to
calculate the concordance rate. The CDSS concordance in the
pre- and post-CDSS phases increased from 14,734 of 26,218
(56.2%) to 7758 of 9873 (78.6%).

After controlling for all the variables in the random intercept
model (Table 2), the comparison of results of the post-CDSS
phase with those of the pre-CDSS phase showed increased Hb
by 0.17 (95% CI 0.14-0.21) g/dL, weekly ESA use increased
by 264 (95% CI 158-371) units per week, the on-target rate
reduced by 29% (odds ratio [OR] 0.71, 95% CI 0.66-0.75),
failure rate reduced by 16% (OR 0.84, 95% Cl 0.76-0.92), and
the concordance rate increased 3.4-fold (95% CI 3.1-3.6).

Concordance with CDSS suggestionsis an important mediator
between introducing CDSS and the performance of all indicators
of anemiamanagement (Table 3). After additional adjustments
for concordance in the full models, the increases in Hb and the
decrease in the on-target rate tended to be attenuated (Hb
changed from 0.17t00.13 g/dL, whereasthe OR of the on-target
rate reduced from 0.71 to 0.73). The increases in ESA and
decreasesin failurerate were completely mediated by the CDSS
concordance (changes in ESA dose from 264 to 50 units; OR
of failure rates from 0.84 to 0.97).
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Table 1. Characteristics of study participants.

Total (2016-2018, 2020; N=717) By period

Pre-CDSS? phase (2016-2018;  Post-CDSS phase (2020;

n=603) n=499)
Data count, n 36,091 26,218 9873
M easurements per patient-year, mean (SD) 19.5(6.5) 19.4 (6.8) 19.8 (5.8)
Age (years), mean (SD) 62.9 (11.6) 62.7 (11.5) 63.4 (11.8)
Male, n (%) 21,317 (59.1) 15,325 (58.5) 5992 (60.7)
Diabetes mellitus, n (%) 20,996 (58.2) 15,039 (57.4) 5957 (60.3)
Hepatitis B or C, n (%) 9430 (26.1) 7026 (26.8) 2404 (24.4)
Weight (kg), mean (SD) 63.8 (13.4) 63.3 (13.4) 65.4 (13.4)
Weight gain (kg), mean (SD) 21(1.3) 2.2(1.3) 20(1.4)
Heparin (U/session), median (IQR) 1000 (0-1750) 1000 (0-1750) 1250 (0-2000)
Vascular access (AVFY/AV G¥/catheter), % 84.1/12.7/7.4 84/11.8/9.9 84.2/15.2/0.9
Diaysis twice per week, n (%) 1043 (2.9) 732 (2.8) 311 (3.1)
Albumin (g/dL), mean (SD) 3.9 (0.4) 3.9 (0.4) 4.0(0.4)
Ca(mg/dL), mean (SD) 9.2(0.7) 9.2(0.7) 9.1(0.8)
P (mg/dL), mean (SD) 48(1.4) 48(1.4) 5.0 (1.4)
K (mEg/L), mean (SD) 4.4(0.7) 4.4(0.7) 4.4(0.7)
PTHY (pg/mL), median (IQR) 207.7 (84.8-420.0) 194.6 (80.7-397.6) 242.5 (100.5-480.8)
Ferritin (ng/dL), mean (SD) 373.1(339.2) 342 (305.1) 455.5 (405)
Iron/TIBCE (%), mean (SD) 27.6 (11.7) 27(11.3) 29.1(12.5)
Hemoglobin
Hemoglobin level, mean (SD) 11.1(1.4) 11.1(1.4) 11.3(1.4)
On-target rate (10<hemoglobin<12 g/dL)  59.9 61.3 56.2
Hemoglobin>12 g/dL (%) 23.6 215 29.0
Failure rate (hemoglobin<10 g/dL) 16.5 17.2 14.8
EsAf
ESA order (U/week), mean (SD) 5848 (4211) 5828 (4054) 5839 (4613)
ESA order changed, n (%) 7198 (19.9) 4072 (15.5) 3126 (31.7)
CDSS concordance, n (%) 22,492 (62.3) 14,734 (56.2) 7758 (78.6)
8CDSS: clinical decision support system.
PAVF: arteriovenous fistula.
CAVG: arteriovenous graft.
4PTH: parathyroid hormone.
®TIBC: total iron-binding capacity
=% erythropoietin-stimulating agent.
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Table 2. Estimates of the effect of the clinical decision support system in random intercept models.

Estimates (95% Cl) Observed power

Changesin hemoglobin (g/dL)
Univariate
Multivariate®

Changesin erythropoietin-stimulating agent dosage (unit/week)
Univariate
Multivariate®

Oddsratio of on-target rate
Univariate
Multivariate®

Oddsratio of failurerate
Univariate
Multivariate®

Oddsratio of concordancerate

Univariate

Multivariate®

0.18 (0.15t0 0.21) 0.99
0.17 (0.14t0 0.21) 0.99
—269 (~363 to —175) 0.99
264 (158 to 371) 0.99
0.81 (0.76 t0 0.86) 0.99
0.71 (0.66 t0 0.75) 0.99
0.82 (0.75 t0 0.89) 0.99
0.84 (0.76 10 0.92) 0.92
3.1(2.9103.3) 0.99
3.4(3.1t03.6) 0.99

aAdj usted for age, sex, diabetes mellitus, viral hepatitis, albumin, calcium, phosphate, potassium, parathyroid hormone, ferritin, iron saturation, catheter

use, weight, weight gain, dialysis frequency, and heparin use.

Table 3. Intermediate effect of concordance (physician compliance with the clinical decision support system).

Estimates (95% Cl)

P value comparing model 1 vsmodel 2  Observed power

Changesin hemoglobin (g/dL)

Model 12 0.17 (0.14t0 0.21)

Model 2° 0.13(0.10t0 0.17)

Changesin erythropoietin-stimulating agent dosage per week (unit/week)

Model 12 264 (158 to 371)

Mode 2 50 (-57 to 157)

Oddsratio of on-target rate

Model 12 0.71 (0.66 to 0.75)

Model 2° 0.73 (0.68t0 0.77)
Oddsratio of failurerate

Model 12 0.84 (0.76 t0 0.92)

Model 2P 0.97 (0.88t0 1.07)

<.001 0.99
<.001 0.99
<.001 0.99
<.001 0.99

3\odel 1: adjusted for age, sex, diabetes mellitus, viral hepatitis, albumin, calcium, phosphate, potassium, parathyroid hormone, ferritin, iron saturation,

catheter use, weight, weight gain, dialysis frequency, and heparin use.
BModel 2: model 1 plus concordance.

Discussion

To the best of our knowledge, our CDSS study has the largest
number of observation data points (n=36,091 Hb measurements)
from 717 patients with ESKD on hemodialysis in a single
medical center over a period of 4 years. Our study had three

https://formative.jmir.org/2023/1/e44373
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unique features: (1) good baseline anemia management status
with <20% of patients having Hb <10 g/dL, (2) low baseline
total ESA use with a mean ESA dose of <6000 IU per week,
and (3) we used individual-level data and adjusted for
interobservation dependence of multiple measurements using
mixed models. Despite the limited room for improvement in
anemia management owing to these features, our study showed
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that the CDSS still achieved clinical efficacy in reducing the
failurerate. We demonstrated that concordance with the CDSS
completely mediated its efficacy.

Although several studies on CDSSsfor anemiamanagement in
patients with ESKD have been published, most have focused
on the comparison between the effects of different CDSSs
[12-15]. There is limited data on the verification of
interventional efficacy of CDSSs in daily practice in
hemodialysis units.

To study the efficacy of iron supplementation on anemia
management, Richardson et al [21] developed a CDSS to
calculate a recommended ESA dose for nurses to administer.
After 24 months of observation, the 228 patients with ESKD
on hemodiaysis had smilar Hb levels after CDSS
implementation (compared with baseline data 3 months before
the CDSS) and significantly reduced median ESA use (136
IU/kg/week to 72 1U/kg/week, P<.001). These study results
suggest that the CDSSimproved anemiamanagement. However,
the CDSS was directly used by nurses, and therefore, we could
not investigate the impact of physician compliance on the
efficacy of the CDSS.

Gaweda et a [19] used an artificial neural network to develop
amodel predictive control (MPC)—based CDSS. They observed
the efficacy of the MPC-based CDSS in 9 patients, and the
results showed that the on-target rate (Hb 10-12 g/dL) had an
increasing trend and that ESA dosage had a decreasing trend,
but both parametersfailed to reach statistical significance. Brier
et a [16] later conducted a randomized controlled trial to
investigate the efficacy of the MPC-based CDSS. Of 60 patients
with ESKD on hemodialysis (30 patients on the MPC-based
CDSS, the remaining 30 patients on standard of care anemia
management protocol), the M PC group had lower Hb variability,
but the on-target rate was comparabl e between the two groups.
The MPC-based CDSS group had a higher total ESA dose than
the standard of care group (129,300 1U vs 97,600 1U). This
study isthe only randomized controlled study, but the physicians
always received a recommended dose, either from the CDSS
or from a nurse practitioner. We therefore could not evaluate
the effect of physician compliance or acceptance on the efficacy
of the CDSS.

Miskulin et al [17] compared the efficacy of a CDSS (n=1118
hemodialysis patients) with the efficacy of traditional physician
prescriptions (n=7823 hemodialysis patients). During 6 months
of observation, no difference was observed in the on-target rate
of Hb and Hb variability. The self-administered questionnaire
showed that the time spent by nurse managers on anemia
management was less in the CDSS group (3 h/month vs 6.5
h/month; P<.001). This study did not investigate physician
compliance with or acceptance of the CDSS.

Since 2008, Mayo Clinic adopted the Mayo Clinic Anemia
Management System (MCAMYS) in its own hemodialysis units
[20]. They conducted an observational study including around
300 patients per month at 8 hemodialysis units. From the
preeMCAMS (2007) to post-MCAMS (2010) period, the Hb
on-target rate increased from 69% to 83% (P<.001) and the
monthly ESA dose decreased from 304 pg/month to 173
pg/month (P<.001). However, the percentage of patients with
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Hb <10 g/dL increased. This study used aggregated
population-level data and did not evaluate individual variances
over time or physician compliance with the CDSS.

Barbieri et al [18] conducted aretrospective observational study
on the CDSS of the anemia control model in 752 patients with
ESKD on hemodialysis in 3 countries. The total observation
data points were 9501 measurements 1 year before CDSS
implementation (control group) and 1 year after CDSS
implementation (intervention group). The results showed that
the Hb on-target rate increased (70.6% vs 76.6%; P<.001) and
the total ESA dose decreased (0.63 vs 0.46 pg/kg/month;
P<.001). Inthe subgroup analysis, the compliant subgroup (more
than two-thirds accepting the CDSS recommendations) had a
larger magnitude of improvement in anemiamanagement, which
confirmed the importance of CDSS compliance. Nevertheless,
this study did not consider the cluster effect between different
hemodialysis centers and interobservational dependence in the
same patient.

Our results filled the knowledge gap in the role of physician
compliancein the efficacy of CDSSs. Our dataclearly confirmed
that the CDSS indeed altered the prescription behavior of
physicians. The odds of concordance tripled in the post-CDSS
phase compared to that in the pre-CDSS phase. The CDSS
reduced the failure rate of anemia management from 17.2% to
14.8%. After controlling for concordance with the CDSS, the
significant difference in the failure rate between the pre- and
post-CDSS phases disappeared, which indicated that the
physicians' compliance with the CDSS was a complete
intermediate factor. Our results clearly showed that physician
compliance impacted the efficacy of the CDSS.

Systematic reviews about the effects of CDSSs on practitioner
performance and patient outcomes showed that around
two-thirds of studies found a positive impact of CDSSs on
practitioner performance, but CDSSs failed to show a positive
impact on patient outcomes [32,33]. As artificial intelligence
has been strengthening the robustness of CDSSs, a recent
systematic review summarized that up to 61% of CDSS studies
were associated with positive patient medical outcomes, while
still only 66% of studies had apositive practitioner performance
[34]. Such systematic reviews strongly suggested that CDSSs
may have a distinct impact on practitioner performance and
patient outcomes. Although CDSSs are designed to provide
“decision support” for practitioners, implementation of CDSSs
does not necessarily lead to improved practitioner performance
or patient outcomes. While the optimized performance of CDSSs
has been a common goal in developing CDSSs (eg, accuracy,
sensitivity, specificity, area under the curve in diagnosis), we
believe that it is time to emphasize and clarify the true impact
of CDSSs on practitioner performance and patient outcomesin
clinical settings.

Future research in CDSSs should target not only optimizing the
performance but also improving physician compliance with
CDSSs. Our study clearly showed that physician compliance
was the key intermediary factor for the efficacy of CDSSs.
Future studies might investigate the underlying factors
influencing physician willingnessto usethe CDSS and physician
compliance with the recommendations made by the CDSS.
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Some potential factors might deserve exploration, such as
intrusion of daily practice, incentivesfor physicians, awareness,
alert fatigue, and psychological senses of threat.

This study has some limitations. First, this was a retrospective
study, and we did not record prospectively on each occasion
whether the physician agreed or disagreed with the CDSS
recommendation. Alternatively, we compared the actual
physician prescriptions with the CDSS recommendations in a
retrospective fashion. We assumed that the physician accepted
the CDSS recommendation if the actual physician prescriptions
were similar to the CDSS recommendations. This might lead
to potential bias or imprecision, as we used the concordance
rate as a proxy for physician compliance, which may
overestimate the physician compliance. Nevertheless, in
previously published studies, such concordance between
physician prescriptions and CDSS recommendations has been
adopted as an indicator of CDSS efficacy [35-37]. A direct and
interruptive confirmation page in the CDSS system might be
considered in future prospective studies. Second, this study used
the calendar year asan instrumental variableto indicate whether
the CDSS intervention occurred or not; however, the different
time data points might involve historical bias, and it is difficult
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to make causal inference between changing indicators and the
CDSS. Therefore, we adopted the concordance of the CDSS as
an intermediate variable, and our data indirectly supported the
concordance of the CDSS as the mechanism between the CDSS
and anemia improvement. This finding also emphasizes the
importance of physician compliance in evaluating the efficacy
of the CDSS. Third, there were still approximately 20% of
occasions in which physician prescriptions were not in
concordance with CDSS recommendations. This implies that
in 20% of cases, the physician's behavior was not altered by
the CDSS, which probably weakened the clinical efficacy of
the CDSS. The discordance between the CDSS and physician
prescriptions deserves further investigation to maximize the
efficacy of the CDSS.

Our results confirmed that physi cian compliance wasacomplete
intermediate factor accounting for the efficacy of the CDSS.
The CDSS reduced failure rates of anemiamanagement through
physician compliance. Our study highlighted the importance of
optimizing physician compliance in the design and
implementation of CDSSsto improve patient outcomes. Further
studies are warranted to addressthe factorsinfluencing physician
compliance with CDSSs to improve patient outcomes.

The authors would like to express their gratitude to the staff members of the Division of Information Technology, Far Eastern
Memorial Hospital (FEMH), and nursing staff members at the FEMH Hemodialysis Center.

Thiswork was supported by grants from the Ministry of Science and Technology (MOST 110-2635-B-418-001) and the FEMH
(FEMH-2021-C-036). The funding body did not play any rolein the design of the study or the collection, analysis, or interpretation

of the data.

Data Availability

The data sets used or analyzed during this study are available from the corresponding author upon reasonabl e request.

Authors Contributions

JYY contributed to the conception of the work; acquisition, analysis, and interpretation of the data; and drafting and revising of
themanuscript. K-HS, Y-SP, S-PH, Y-LC, M-FP, H-YW, W-CT, K-TT, and RNK contributed to the datainterpretation, manuscript
drafting, and revisions. RNK contributed to the final version of the manuscript. All the authors have read and approved the final
manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Dose recommendation algorithms for erythropoietin-stimulating agent and iron.
[DOC File, 151 KB-Multimedia Appendix 1]

References

1.  YapDYH, McMahon LP, Hao C, Hu N, Okada H, Suzuki Y, APSN HIF-PHI Recommendation Committee.
Recommendations by the Asian Pacific society of nephrology (APSN) on the appropriate use of HIF-PH inhibitors.
Nephrology (Carlton) 2021 Feb;26(2):105-118 [FREE Full text] [doi: 10.1111/nep.13835] [Medline: 33222343]

2. Eschbach JW, Abdulhadi MH, Browne JK, Delano BG, Downing MR, Egrie JC, et al. Recombinant human erythropoietin
in anemic patients with end-stage renal disease. Results of a phase |11 multicenter clinical trial. Ann Intern Med 1989 Dec
15;111(12):992-1000. [doi: 10.7326/0003-4819-111-12-992] [Medline: 2688507]

https://formative.jmir.org/2023/1/e44373 JMIR Form Res 2023 | vol. 7 | e44373 | p. 8

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v7i1e44373_app1.doc&filename=d7f587b2609359e40ace23873e8a01b4.doc
https://jmir.org/api/download?alt_name=formative_v7i1e44373_app1.doc&filename=d7f587b2609359e40ace23873e8a01b4.doc
https://europepmc.org/abstract/MED/33222343
http://dx.doi.org/10.1111/nep.13835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33222343&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-111-12-992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2688507&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Yang et al

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Callins A, Li S, Peter WS, Ebben J, Roberts T, Ma JZ, et al. Death, hospitalization, and economic associations among
incident hemodialysis patients with hematocrit values of 36 to 39%. JAm Soc Nephrol 2001 Nov;12(11):2465-2473. [doi:
10.1681/ASN.V12112465] [Medline: 11675424]

Collins AJ, Ma JZ, Ebben J. Impact of hematocrit on morbidity and mortality. Semin Nephrol 2000 Jul;20(4):345-349.
[Medline: 10928336]

Kliger AS, Foley RN, Goldfarb DS, Goldstein SL, Johansen K, Singh A, et al. KDOQI US commentary on the 2012 KDIGO
Clinical Practice Guidelinefor Anemiain CKD. Am JKidney Dis2013 Nov;62(5):849-859. [doi: 10.1053/].a/kd.2013.06.008]
[Medline: 23891356]

Hung S, Kuo K, Tarng D, Hsu C, Wu M, Huang T. Anaemia management in patients with chronic kidney disease: Taiwan
practice guidelines. Nephrology (Carlton) 2014 Dec;19(12):735-739. [doi: 10.1111/nep.12332] [Medline: 25156587]
Akbari A, Clase CM, Acott P, BattistellaM, Bello A, Feltmate P, et al. Canadian Society of Nephrology commentary on
the KDIGO clinical practice guideline for CKD evaluation and management. Am JKidney Dis 2015 Feb;65(2):177-205
[FREE Full text] [doi: 10.1053/j.ajkd.2014.10.013] [Medline: 25511161]

Singh AK, Szczech L, Tang KL, Barnhart H, Sapp S, Wolfson M, CHOIR Investigators. Correction of anemiawith epoetin
afain chronic kidney disease. N Engl JMed 2006 Nov 16;355(20):2085-2098. [doi: 10.1056/NEJM 0a065485] [Medline:
17108343]

Sakaguchi Y, Hamano T, Wada A, Masakane |. Types of erythropoietin-stimulating agents and mortality among patients
undergoing hemodialysis. JAm Soc Nephrol 2019 Jun;30(6):1037-1048 [FREE Full text] [doi: 10.1681/A SN.2018101007]
[Medline: 31015255]

Chait Y, Kaim S, Horowitz J, Hollot CV, AnkersED, Germain MJ, et al. The greatly misunderstood erythropoietin resistance
index and the case for a new responsiveness measure. Hemodial Int 2016 Jul;20(3):392-398 [FREE Full text] [doi:
10.1111/hdi.12407] [Medline: 26843352]

Besarab A, Coyne DW. Iron supplementation to treat anemia in patients with chronic kidney disease. Nat Rev Nephrol
2010 Dec;6(12):699-710. [doi: 10.1038/nrneph.2010.139] [Medline: 20956992]

GawedaA, Aronoff GR, Jacobs AA, Rai SN, Brier ME. Individualized anemiamanagement reduces hemogl obin variability
in hemodialysis patients. JAm Soc Nephrol 2014 Jan;25(1):159-166 [FREE Full text] [doi: 10.1681/ASN.2013010089]
[Medline: 24029429]

Gaweda AE, Jacobs AA, Aronoff GR, Brier ME. Individualized anemiamanagement in adialysisfacility - long-term utility
as asingle-center quality improvement experience. Clin Nephrol 2018 Oct;90(4):276-285 [FREE Full text] [doi:
10.5414/CN109499] [Medline: 30049300]

Lines SW, Lindley EJ, Tattersall JE, Wright MJ. A predictive algorithm for the management of anaemiain haemodialysis
patients based on ESA pharmacodynamics: better resultsfor lesswork. Nephrol Dial Transplant 2012 Jun;27(6):2425-2429.
[doi: 10.1093/ndt/gfr706] [Medline: 22207330]

Tolman C, Richardson D, Bartlett C, Will E. Structured conversion from thrice weekly to weekly erythropoietic regimens
using acomputerized decision-support system: arandomized clinical study. JAm Soc Nephrol 2005 May;16(5):1463-1470.
[doi: 10.1681/A SN.2004080688] [Medline: 15788469]

Brier M, Gaweda AE, Dailey A, Aronoff GR, Jacobs AA. Randomized trial of model predictive control for improved
anemia management. Clin JAm Soc Nephrol 2010 May;5(5):814-820 [EREE Full text] [doi: 10.2215/CJIN.07181009]
[Medline: 20185598]

Miskulin DC, Weiner DE, Tighiouart H, Ladik V, ServillaK, Zager PG, Medical Directors of Diaysis Clinic Inc.
Computerized decision support for EPO dosing in hemodialysis patients. Am JKidney Dis 2009 Dec;54(6):1081-1088
[FREE Full text] [doi: 10.1053/j.ajkd.2009.07.010] [Medline: 19781831]

Barbieri C, MolinaM, Ponce P, Tothova M, Cattinelli I, lon Titapiccolo J, et a. An international observational study
suggests that artificial intelligence for clinical decision support optimizes anemia management in hemodialysis patients.
Kidney Int 2016 Aug;90(2):422-429 [FREE Full text] [doi: 10.1016/].kint.2016.03.036] [Medline: 27262365]

Gaweda AE, Jacobs AA, Aronoff GR, Brier ME. Model predictive control of erythropoietin administration in the anemia
of ESRD. Am JKidney Dis 2008 Jan;51(1):71-79. [doi: 10.1053/j.ajkd.2007.10.003] [Medline: 18155535]

McCarthy JT, Hocum CL, Albright RC, Rogers J, Gallaher EJ, SteensmaDP, et al. Biomedical system dynamicsto improve
anemia control with darbepoetin alfain long-term hemodialysis patients. Mayo Clin Proc 2014 Jan;89(1):87-94. [doi:
10.1016/j.mayocp.2013.10.022] [Medline: 24388026]

Richardson D, Bartlett C, Will EJ. Optimizing erythropoietin therapy in hemodialysis patients. Am J Kidney Dis 2001
Jul;38(1):109-117. [doi: 10.1053/ajkd.2001.25203] [Medline: 11431190]

Will EJ, Richardson D, Tolman C, Bartlett C. Development and exploitation of aclinical decision support system for the
management of renal anaemia. Nephrol Dial Transplant 2007 Jun;22 Suppl 4:iv31-iv36. [doi: 10.1093/ndt/gfm163] [Medline:
17526548]

Barbieri C, Mari F, Stopper A, Gatti E, Escandell-Montero P, Martinez-Martinez JM, et al. A new machine learning approach
for predicting the response to anemiatreatment in alarge cohort of End Stage Renal Disease patients undergoing dialysis.
Comput Biol Med 2015 Jun;61:56-61. [doi: 10.1016/j.compbiomed.2015.03.019] [Medline: 25864164]

https://formative.jmir.org/2023/1/e44373 JMIR Form Res 2023 | vol. 7 | e44373 | p. 9

(page number not for citation purposes)


http://dx.doi.org/10.1681/ASN.V12112465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11675424&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10928336&dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2013.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23891356&dopt=Abstract
http://dx.doi.org/10.1111/nep.12332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25156587&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0272-6386(14)01356-0
http://dx.doi.org/10.1053/j.ajkd.2014.10.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25511161&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa065485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17108343&dopt=Abstract
https://europepmc.org/abstract/MED/31015255
http://dx.doi.org/10.1681/ASN.2018101007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31015255&dopt=Abstract
https://europepmc.org/abstract/MED/26843352
http://dx.doi.org/10.1111/hdi.12407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26843352&dopt=Abstract
http://dx.doi.org/10.1038/nrneph.2010.139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20956992&dopt=Abstract
https://europepmc.org/abstract/MED/24029429
http://dx.doi.org/10.1681/ASN.2013010089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24029429&dopt=Abstract
https://europepmc.org/abstract/MED/30049300
http://dx.doi.org/10.5414/CN109499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30049300&dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfr706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22207330&dopt=Abstract
http://dx.doi.org/10.1681/ASN.2004080688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15788469&dopt=Abstract
https://europepmc.org/abstract/MED/20185598
http://dx.doi.org/10.2215/CJN.07181009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20185598&dopt=Abstract
https://europepmc.org/abstract/MED/19781831
http://dx.doi.org/10.1053/j.ajkd.2009.07.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19781831&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0085-2538(16)30132-6
http://dx.doi.org/10.1016/j.kint.2016.03.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27262365&dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2007.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18155535&dopt=Abstract
http://dx.doi.org/10.1016/j.mayocp.2013.10.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24388026&dopt=Abstract
http://dx.doi.org/10.1053/ajkd.2001.25203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11431190&dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfm163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17526548&dopt=Abstract
http://dx.doi.org/10.1016/j.compbiomed.2015.03.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25864164&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Yang et al

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Roshanov PS, Fernandes N, Wilczynski M, Hemens BJ, You JJ, Handler SM, et al. Features of effective computerised
clinical decision support systems: meta-regression of 162 randomised trials. BMJ 2013 Feb 14;346:f657 [FREE Full text]
[doi: 10.1136/bmj.f657] [Medline: 23412440]

Camacho J, Zanoletti-Mannello M, Landis-Lewis Z, Kane-Gill SL, Boyce RD. A conceptual framework to study the
implementation of clinical decision support systems (BEAR): literature review and concept mapping. JMed Internet Res
2020 Aug 06;22(8):€18388 [FREE Full text] [doi: 10.2196/18388] [Medline: 32759098]

Hsiao J, Chen R. Critical factors influencing physicians intention to use computerized clinical practice guidelines: an
integrative model of activity theory and the technology acceptance model. BMC Med Inform Decis Mak 2016 Jan 16;16:3
[FREE Full text] [doi: 10.1186/s12911-016-0241-3] [Medline: 26772169]

Khairat S, Marc D, Crosby W, Al Sanousi A. Reasonsfor physicians not adopting clinical decision support systems: critical
analysis. IMIR Med Inform 2018 Apr 18;6(2):€24 [FREE Full text] [doi: 10.2196/medinform.8912] [Medline: 29669706]
Kilsdonk E, Peute L, Jaspers M. Factors influencing implementation success of guideline-based clinical decision support
systems: asystematic review and gapsanalysis. Int JMed Inform 2017 Feb;98:56-64. [doi: 10.1016/j.ijmedinf.2016.12.001]
[Medline: 28034413]

Liberati EG, Ruggiero F, Galuppo L, Gorli M, Gonzélez-Lorenzo M, Maraldi M, et a. What hinders the uptake of
computerized decision support systemsin hospitals? A qualitative study and framework for implementation. |mplement
Sci 2017 Sep 15;12(1):113. [doi: 10.1186/s13012-017-0644-2] [Medline: 28915822]

Cohen J. Statistical Power Analysisfor the Behavioral Sciences, Second Edition. Hillsdale, NJ: Lawrence Erlbaum Associates;
1988.

Cohen J. A power primer. Psychological Bull 1992;112(1):155-159. [doi: 10.1037/0033-2909.112.1.155]

Garg AX, Adhikari NKJ, McDonald H, Rosas-Arellano MP, Devereaux PJ, Beyene J, et a. Effects of computerized clinical
decision support systems on practitioner performance and patient outcomes: a systematic review. JAMA 2005 Mar
09;293(10):1223-1238. [doi: 10.1001/jama.293.10.1223] [Medline: 15755945]

JaspersMWM, Smeulers M, Vermeulen H, Peute LW. Effects of clinical decision-support systemson practitioner performance
and patient outcomes: a synthesis of high-quality systematic review findings. JAm Med Inform Assoc 2011 May
01;18(3):327-334 [FREE Full text] [doi: 10.1136/amiajnl-2011-000094] [Medline: 21422100]

Kruse CS, Ehrbar N. Effects of computerized decision support systems on practitioner performance and patient outcomes:
systematic review. IMIR Med Inform 2020 Aug 11;8(8):€17283 [FREE Full text] [doi: 10.2196/17283] [Medline: 32780714]
Buising KL, Thursky KA, Black JF, MacGregor L, Street AC, Kennedy MP, et a. Improving antibiotic prescribing for
adults with community acquired pneumonia: does a computerised decision support system achieve more than academic
detailing alone?--A time series analysis. BMC Med Inform Decis Mak 2008 Jul 31;8:35 [FREE Full text] [doi:
10.1186/1472-6947-8-35] [Medline: 18667084]

Andersson HagiwaraM, Suserud B, Andersson-Gére B, Sjogvist BA, Henricson M, Jonsson A. The effect of a Computerised
Decision Support System (CDSS) on compliance with the prehospital assessment process: results of an interrupted time-series
study. BMC Med Inform Decis Mak 2014 Aug 09;14:70 [EREE Full text] [doi: 10.1186/1472-6947-14-70] [Medline:
25106732]

Sheibani R, Sheibani M, Heidari-Bakavoli A, Abu-Hanna A, Edlami S. The Effect of a Clinical Decision Support System
on Improving Adherence to Guideline in the Treatment of Atrial Fibrillation: An Interrupted Time Series Study. JMed
Syst 2017 Dec 23;42(2):26. [doi: 10.1007/s10916-017-0881-6] [Medline: 29273997]

Abbreviations

CDSS: clinical decision support system

ESA: erythropoietin-stimulating agent

ESKD: end-stage kidney disease

FEMH: Far Eastern Memorial Hospital

FEMHHC: Far Eastern Memorial Hospital Hemodialysis Center
Hb: hemoglobin

MCAMS: Mayo Clinic Anemia Management System

MPC: model predictive control

OR: oddsratio

https:/formative.,jmir.org/2023/1/e44373 JMIR Form Res 2023 | vol. 7 | e44373 | p. 10

(page number not for citation purposes)


http://www.bmj.com/lookup/pmidlookup?view=long&pmid=23412440
http://dx.doi.org/10.1136/bmj.f657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23412440&dopt=Abstract
https://www.jmir.org/2020/8/e18388/
http://dx.doi.org/10.2196/18388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32759098&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-016-0241-3
http://dx.doi.org/10.1186/s12911-016-0241-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26772169&dopt=Abstract
https://medinform.jmir.org/2018/2/e24/
http://dx.doi.org/10.2196/medinform.8912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29669706&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2016.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28034413&dopt=Abstract
http://dx.doi.org/10.1186/s13012-017-0644-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28915822&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.112.1.155
http://dx.doi.org/10.1001/jama.293.10.1223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15755945&dopt=Abstract
https://europepmc.org/abstract/MED/21422100
http://dx.doi.org/10.1136/amiajnl-2011-000094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21422100&dopt=Abstract
https://medinform.jmir.org/2020/8/e17283/
http://dx.doi.org/10.2196/17283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32780714&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-8-35
http://dx.doi.org/10.1186/1472-6947-8-35
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18667084&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-14-70
http://dx.doi.org/10.1186/1472-6947-14-70
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25106732&dopt=Abstract
http://dx.doi.org/10.1007/s10916-017-0881-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29273997&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Yang et al

Edited by A Mavragani; submitted 17.11.22; peer-reviewed by Y Chu, P Boisrond; comments to author 09.01.23; revised version
received 29.03.23; accepted 04.04.23; published 03.05.23

Please cite as:

Yang JY, Shu KH, Peng YS, Hsu SP, Chiu YL, Pai MF, WU HY, Tsai WC, Tung KT, Kuo RN

Physician Compliance With a Computerized Clinical Decision Support System for Anemia Management of Patients With End-stage
Kidney Disease on Hemodialysis: Retrospective Electronic Health Record Observational Sudy

JMIR Form Res 2023;7:e44373

URL: https://formative.jmir.org/2023/1/e44373

doi: 10.2196/44373

PMID: 37133912

©Ju-Yeh Yang, Kai-Hsiang Shu, Yu-Sen Peng, Shih-Ping Hsu, Yen-Ling Chiu, Mei-Fen Pai, Hon-Yen Wu, Wan-Chuan Tsai,
Kuei-Ting Tung, Raymond N Kuo. Originally published in IMIR Formative Research (https.//formative.jmir.org), 03.05.2023.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Formative Research, is properly cited. The complete bibliographic information,
alink to the original publication on https://formative.jmir.org, aswell asthis copyright and license information must be included.

https:/formative.,jmir.org/2023/1/e44373 JMIR Form Res 2023 | vol. 7| e44373 | p. 11
(page number not for citation purposes)

RenderX


https://formative.jmir.org/2023/1/e44373
http://dx.doi.org/10.2196/44373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37133912&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

