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INTRODUCTION: Chronic kidney disease (CKD) is widely
prevalent, associated with morbidity and mortality, but
may be lessened with timely implementation of evidence-
based strategies including blood pressure (BP) control.
Nonetheless, an evidence-practice gap persists. We syn-
thesize the evidence for clinician-facing interventions to
improve hypertension management in CKD patients in
primary care.
METHODS: Electronic databases and related publica-
tions were queried for relevant studies. We used a concep-
tual model to address heterogeneity of interventions. We
conducted a quantitative synthesis of interventions on
blood pressure (BP) outcomes and a narrative synthesis
of other CKD relevant clinical outcomes. Planned sub-
group analyses were performed by (1) study design (ran-
domized controlled trials (RCTs) or nonrandomized stud-
ies (NRS)); (2) intervention type (guideline-concordant de-
cision support, shared care, pharmacist-facing); and (3)
use of behavioral/implementation theory.
RESULTS:Of 2704manuscripts screened, 73 underwent
full-text review; 22 met inclusion criteria. BP target
achievement was reported in 15 and systolic BP reduction
in 6 studies. Among RCTs, all interventions had a signif-
icant effect on BP control, (pooledOR1.21; 95%CI 1.07 to
1.38). Subgroup analysis by intervention type showed
significant effects for guideline-concordant decision sup-
port (pooled OR 1.19; 95%CI 1.12 to 1.27) but not shared
care (pooledOR 1.71; 95%CI 0.96 to 3.03) or pharmacist-
facing interventions (pooled OR 1.04; 95% CI 0.82 to
1.34). Subgroup analysis findingwas replicatedwithpool-
ing of RCTs and NRS. The five contributing studies

showed large and significant reduction in systolic BP
(pooled WMD − 3.86; 95% CI − 7.2 to − 0.55). Use of a
behavioral/implementation theory had no impact, while
RCTs showed smaller effect sizes than NRS.
DISCUSSION: Process-oriented implementation strate-
gies used with guideline-concordant decision support
was a promising implementation approach. Better report-
ing guidelines on implementationwould enablemore use-
ful synthesis of the efficacy of CKD clinical interventions
integrated into primary care.
P R O S P E R O R E G I S T R A T I O N N U M B E R :
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BACKGROUND

Chronic kidney disease (CKD) affects 8–16% people world-
wide,1 and is a strong contributor to morbidity and mortality.2

CKD often remains undiagnosed and/or poorly managed,
especially in older individuals,1, 3, 4 despite existing guidelines
for diagnosing and managing the disease.5–7 Optimal CKD
care may slow the rate of CKD progression and decrease the
morbidity and mortality in this high-risk population.8 Most
patients with CKD particularly early CKD are managed in the
primary care setting,1 yet there is limited evidence of success-
ful interventions to improve CKD management in primary
care and their associated implementation strategies.9 Previous
systematic reviews of interventions targeted at primary care
clinicians managing patients with CKD have examined a
number of intervention strategies. These interventions have
been delivered in a variety of ways, including Chronic Disease
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Management (CDMs) strategies,10 multifaceted care
approaches,11 continuous improvement interventions,12 clini-
cal pathways for primary care,13 e-alerts,14, 15 pharmacy-
facing interventions,16 and nurse-led disease management
programs or models of care interventions for chronic dis-
ease.14, 17 Except for two,18, 19 most of these reviews included
studies from acute care settings and did not differentiate be-
tween interventions specifically targeting clinicians from those
focused on patients. More importantly, these reviews conflat-
ed the intervention with the implementation process, provid-
ing limited clarity concerning the intervention’s core disease

management elements vs. the process of its implementation in
the primary care setting. This knowledge is necessary to guide
the development of successful and sustainable evidence-based
practices to manage CKD, and potentially other chronic dis-
eases, in primary care.
We therefore conducted a systematic review of pub-

lished literature between 2000 and late 2017, seeking to
identify both intervention types and implementation inter-
vention strategies that were most likely to improve clinical
and process outcomes for patients with CKD in the pri-
mary care setting.

Figure 1 Conceptual model to address heterogeneity of interventions targeting CKD management.
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Figure 2 PRISMA flow diagram of included studies.
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Table 1 Description of Included Studies

Study authors
Year
Setting

Number
of patients
(% female)
% black/
minorities
Age
(SD/IQR)
CKD stage
Study design
(duration
months)

Intervention name
and brief description
Target of intervention
Use of implementation
framework or
behavioral theory

ERIC
implementation
strategies
abstracted from
publication
(organized by
concept mapped
cluster defined by
Waltz et al. 2015)

Primary outcome
(measure)
and/or
BP outcomes
(measure)
Secondary
outcomes

Effect size on
primary
outcome
or
BP outcome

Guideline-concordant decision support interventions
Abdel-Kader, K. et al. 201139

Academic outpatient
practice,
USA

248 (62.9%)
37.5% black
Age 65.2 (14)
Stages 3b–5
Cluster RCT
(12 months)

Clinical decision
support system (real
time automated
electronic alert) and
education meetings;
educational sessions +
electronic alert
30 primary care
physicians
No

Train and educate
stakeholders
•Conduct educational
meetings
Support clinicians
•Facilitate relay of
clinical data to
providers
•Remind clinicians

Nephrology
referral (referral
order to
nephrologist)
BP management
(odds of
Achieving target
BP < 130/80)
Lab management
Medication
management
Patient
identification

9.7% (intervention arm)
vs. 16.5% (control arm)
NS
OR of achieving target
BP = 2.07 (CI 0.8–5.17)
NS

Akbari, A. et al.
200440

Academic family medicine
outpatient practice,
Canada

324 (56.2%)
76.2 years
(6.3)
Stages 2–5
Before-after
(12 months)
12 months

Automatic lab reporting
of eGFR and
Educational program
(two 1-h didactic
teaching seminars and
facilitation visits, aca-
demic detailing, post
education support)
Primary care physicians
No

Train and educate
stakeholders
•Conduct educational
meetings
•Develop educational
materials
•Distribute
educational materials
•Provide ongoing
consultation
Support clinicians
•Facilitate relay of
clinical data to
providers
Provide interactive
assistance
•Facilitation

Patient
identification (%
of patients with
GFR < 78 with
CKD documented)
(% of patients with
GFR < 60 with
CKD documented)
Disease
progression

For patients with GFR <
78, pre-intervention
22.4% versus
post-intervention 85.1%
recognized*
For patients with GFR <
60, pre-intervention
13.9% versus,
post-intervention 69.3%
recognized*

Drawz, P. E. et al.
201241

Primary care VA outpatient
clinics,
USA

781 (4.7%)
45.5% black
Age 71.0
(10.3)
Stages 3–5 +
chronicity
Cluster RCT
(12 months)

Chronic kidney disease
registry and provider
education (plus
education lecture given
daily for a week at start
of study, academic
detailing) and access to
CKD registry
PCPs
No

Train and educate
stakeholders
•Conduct educational
meetings
•Conduct educational
outreach visits
Support clinicians
•Facilitate relay of
clinical data to
providers

Lab monitoring
(odds of having
measurement of
PTH in
intervention vs
control clinic))
BP management
(odds of achieving
BP target <
130/80)
Medication
management

Adjusted OR = 1.53;
(1.01, 2.30)*
Adjusted OR = 1.15
(0.86,1.53) NS

Erler, A. M. et al.
201242

46 small primary care
practices,
Germany

404 (63%)
Age 80.4 (7.2)
Stages 3b–5
and elderly
patients with
hypertension
Cluster RCT
(6 months)

DOSING + an
educational intervention
Physician education on
detection and
management of CKD,
checklist of
medications to be
reduced/avoided for
CKD patients + soft-
ware program support
in form of database on
fractional renal
excretion, monthly
reminders to use the
program
PCPs
No

Train and educate
stakeholders
•Make training
dynamic
•Distribute
educational material
•Conduct educational
meetings
Support clinicians
•Remind clinicians
•Facilitate relay of
clinical data to
providers

Medication
management
(% of patients
receiving ≥ 1
prescriptions
exceeding the
recommended max
daily dose)
(% of patients
receiving
prescriptions
exceeding the
standard daily
dosage by > 30%)
(% with
contraindicated or
potentially
dangerous meds
(metformin,
nitrofurantoin,
allopurinol))

Decrease in prescriptions
exceeding max daily
dosage: OR 0.46 (CI
0.26, 0.82)*
Decrease in prescriptions
> 30% over standard
daily dosage:
OR 0.66 (CI 0.36,
1.21) NS
Decrease in
contraindicated
meds 18% in treatment
arm vs 1% in control
arm NR

(continued on next page)
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Table 1. (continued)

Study authors
Year
Setting

Number
of patients
(% female)
% black/
minorities
Age
(SD/IQR)
CKD stage
Study design
(duration
months)

Intervention name
and brief description
Target of intervention
Use of implementation
framework or
behavioral theory

ERIC
implementation
strategies
abstracted from
publication
(organized by
concept mapped
cluster defined by
Waltz et al. 2015)

Primary outcome
(measure)
and/or
BP outcomes
(measure)
Secondary
outcomes

Effect size on
primary
outcome
or
BP outcome

Fox, C. H.
et al.
200843

2 primary care practices in
underserved area,
USA

181 patients
(NR)
67.5% black
Age NR
Stages 3–5
Before-after
QI (12)

Multifaceted QI
intervention using
practice facilitation to
promote uptake of
KDOQI:
Practice facilitation
(including building
relationships,
facilitating change,
implementing national
guidelines, and sharing
best practices),
Computer decision
support,
Academic detailing
Clinicians
Yes: practice
facilitation

Train and educate
stakeholders
•Conduct educational
outreach visits
Support clinicians
•Facilitate relay of
clinical data to
providers
•Remind clinicians
Provide interactive
assistance
•Facilitation
Adapt and tailor to
context
•Use data
warehousing
techniques
Use evaluation and
iterative strategies
•Audit and provide
feedback
•Assess for readiness
and identify barriers
and facilitators
Change infrastructure
•Change
accreditation or
membership
requirements

Patient
identification
(Number with
CKD diagnosis)
Medication
management
Laboratory
management
Disease
progression
Anemia diagnosis

Pre-intervention
of 30 (21%) to
post-intervention of 114
(79%)*

Humphreys, J. et al.
201738

Number of
patients in
Project 1:
4185
Project 2:
2055
Project 3:
1871
Project 4: 665
(female %
NR)
KDIGO
stages 3–5
Before-after
(12)

Staged improvement
collaborative to
promote uptake of
CKD management
guidelines in primary
care practices
Projects 1 and 2:
Learning events,
improvement targets,
PDSA cycles,
benchmarking of audit
data, tailored facilitated
support and staff time
reimbursement.
Besides the above QI
process,
multidisciplinary teams
and an embedded
approach to evaluation
and learning to ensure
ongoing reflection and
refinement of
improvement program.
IMPAKT a data
extraction and audit
tool (IMproving Patient
care and Awareness of
Kidney disease
progression Together)
Projects 3 and 4:
Mostly similar
interventions as in
projects 1 and 2 (with
less financial
incentives, but greater

Train and educate
stakeholders
•Create a learning
collaborative
•Conduct educational
outreach visits
Provide interactive
assistance
•Facilitation
•Centralize technical
assistance
Adapt and tailor to
context
•Promote adaptability
Use evaluation and
iterative strategies
•Conduct local needs
assessment
•Develop a formal
implementation
blueprint
•Conduct cyclical
small tests of change
•Assess for readiness
and identify barriers
and facilitators
•Audit and provide
feedback
•Stage
implementation scale
up
Utilize financial
strategies
•Alter
incentive/allowance

Patient
identification
(Change in CKD
Prevalence: % of
CKD patients on
practice registries)
BP management
(% achieving
proteinuric and
nonproteinuric
targets post QI vs.
overall CKD
patients)

Project 1: Relative
increase of 38% (3.6 to
5.0) in tx practices vs
22% (3.7 to 4.5) in
control practices. NR
Project 2: Relative
increase of 26% (4.6 to
5.8) in tx practices vs
5% (4.4 to 4.6) in
control practices. NR
Project 3: Relative
increase of 38% (3.6 to
5.0) in tx practices vs
22% (3.7 to 4.5) in
control practices. NR
Project 4: Relative
increase of 15% (5.2 to
6.0) in tx practices vs −
4% (5.5 to 5.3) in
control practices. NR
Project 1: % achieving
140/90 mmHg: 88%;
130/80 mmHg: 69% vs.
all CKD patients: 74%.
NR
Project 2: % achieving
140/90 mmHg: 90%;
130/80 mmHg: 83% vs.
all CKD patients: 46%.
NR
Project 3: % achieving
140/90 mmHg: 89%;
130/80 mmHg: 71% vs.
all CKD patients: 48%.
NR

(continued on next page)
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Table 1. (continued)

Study authors
Year
Setting

Number
of patients
(% female)
% black/
minorities
Age
(SD/IQR)
CKD stage
Study design
(duration
months)

Intervention name
and brief description
Target of intervention
Use of implementation
framework or
behavioral theory

ERIC
implementation
strategies
abstracted from
publication
(organized by
concept mapped
cluster defined by
Waltz et al. 2015)

Primary outcome
(measure)
and/or
BP outcomes
(measure)
Secondary
outcomes

Effect size on
primary
outcome
or
BP outcome

feedback and learning
from earlier Projects).
Physicians
Yes: Model for
improvement
PARIHs—an
evidence-based imple-
mentation framework
Quality and outcomes
framework

structures—projects
1 and 2 only
•Fund and contract
for the clinical
innovation
Develop stakeholder
interrelationships
•Identify and prepare
champions
•Capture and share
local knowledge

Project 4: % achieving
140/90 mmHg: 92% ;
130/80 mmHg: 76% vs.
all CKD patients: 45%.
NR

Karunaratne, K. et al.
201344

Primary care,
UK

10,040 (55%)
74.7 years
(NR)
KDIGO
stages 3–5
CKD
Before-after
(48)

p4p indicators in the
quality and outcomes
framework for CKD
guideline
implementation
Physicians
Yes: Pay for
performance
Quality outcomes
framework

Use evaluation and
iterative strategies
•Develop and
organize quality
monitoring systems
Utilize financial
strategies
•Alter
incentive/allowance
structures

BP management
(% all CKD
patients achieving
BP targets:
145/80)
(% HTN patients
achieving BP
targets)
(Mean BP)
Medication
management

Between pre and post-
QOF period, % of all
CKD patients increased
41.5 to 50.0%. NR
Between pre- and
post-QOF period % of
HTN patients increased
28.8–45.1%. NR
Mean BP for all patients
between periods 1 and 2
(143/78 to 140/76)*;
between periods 2 and 3
(138/75)*
Mean BP for HTN
patients between periods
2 and 3 (146/79 to
140/76)* and between
periods 2 and 3
(139/75)*

Litvin, C. B. et al.
201645

11 primary care
PPRNet practices,
USA

No data on
number of
patients, only
number of
practices (11),
physicians
(25), and mid-
level pro-
viders (15).
CKD 3–5
Before-after
(24)

Two year
demonstration project
to demonstrate
effectiveness of clinical
decision support (CDS)
to
improve identification
and management of
CKD in primary care.
CDS included a risk
assessment tool, health
maintenance protocols,
flowchart, and patient
registry.
Clinicians
No

Train and educate
stakeholders
•Conduct educational
outreach visits
Support clinicians
•Remind clinicians
•Facilitate relay of
clinical data to
providers
Provide interactive
assistance
•Facilitation
Adapt and tailor to
context
•Promote adaptability
Use evaluation and
iterative strategies
•Audit and provide
feedback
•Conduct cyclical
small tests of change

Patient
identification
(Albuminuria
screening)
(Albuminuria
monitoring)
BP management
(% BP < 140/90
CKD without pro-
teinuria)
(% BP < 130/80
CKD with protein-
uria)
Lab monitoring
Medication
management

Increases in albuminuria
screening by 30%*and
monitoring albuminuria
by 25%*
% change for patients
without proteinuria; 2.5
(CI 0.0,7.0) NS
% change for patients
with proteinuria;
− 1.5(CI − 50.5, 9.0) NS

Lusignan, S. et al.
201346

93 general primary care
practices,
UK

23,311
(66.6%)
Overall 75.1
(11.9)
KDIGO
stages 3–5
Cluster RCT
(24)

Audit-based education
intervention as part of
QICKD (quality
improvement in CKD).
A complex
nonjudgmental
educational intervention
which provides
education and peer
support and documents
the gap between
achievement and
guidelines.

Train and educate
stakeholders
•Conduct educational
outreach visits
•Distribute
educational materials
•Conduct educational
meetings
Support clinicians
•Facilitate relay of
clinical data to
providers

BP management
(Odds of achieving
BP target—at least
5 mmHg reduction
in SBP)
Medication
management
Mortality
Onset of CV
disease

Audit-based education
vs control:
SBP decreased by
2.41 mmHg (CI
0.59–4.29 mmHg)*
OR of achieving >
5 mmHg reduction in
SBP vs. control 1.24 (CI
1.05–1.45)*
Guidelines and prompts
vs. control produced no
significant change

(continued on next page)
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Table 1. (continued)

Study authors
Year
Setting

Number
of patients
(% female)
% black/
minorities
Age
(SD/IQR)
CKD stage
Study design
(duration
months)

Intervention name
and brief description
Target of intervention
Use of implementation
framework or
behavioral theory

ERIC
implementation
strategies
abstracted from
publication
(organized by
concept mapped
cluster defined by
Waltz et al. 2015)

Primary outcome
(measure)
and/or
BP outcomes
(measure)
Secondary
outcomes

Effect size on
primary
outcome
or
BP outcome

Clinicians
Yes: Control theory

Use evaluation and
iterative strategies
•Audit and provide
feedback
•Develop and
organize quality
monitoring systems
Provide interactive
assistance
•Centralize technical
assistance
Develop stakeholder
interrelationships
•Use an
implementation
advisor

Manns, B. et al.
201247

93 primary care practices,
Alberta, CA

22,092 (63.7)
Age 72.2
(12.5)
5444 (55.2%)
elderly w DM
or proteinuria
Age 78.2 (7)
Stages 3–5
Cluster RCT
(25)

Enhanced eGFR
laboratory prompt
(additional education
about significance of
CKD, specific
management
recommendations,
including those based
on guidelines to
monitor and measure
different lab values)
420 primary care
physicians
No

Train and educate
stakeholders
•Distribute
educational materials
Support clinicians
•Remind clinicians

Medication
management
(Prescriptions for
% w ACEi/ARB
medication in all
patients)
(Prescriptions for
% w ACEi/ARB
medication in el-
derly patients with
an eGFR < 30
ml/min per 1.73
m2

Patient
identification
Lab monitoring
Nephrology
referral

ACEi/ARB use post-
treatment was 77.1%
and 76.9% in the
standard and enhanced
prompt groups,
respectively. NS
In the subgroup of
elderly patients with an
eGFR < 30 ml/min per
1.73 m2, ACEi/ARB use
was higher in the en-
hanced prompt group.
NS

Stoves, J.
201048

Primary care, UK

466 patients
(NR)
Age 72.1
(NR)
Stage NR
Any CKD
referrals
Comparative
before-after
(12)

E-consults for CKD
(instead of actual
hospital referrals)
Clinicians
No

Train and educate
stakeholders
•Conduct educational
meetings
•Distribute
educational materials
Support clinicians
•Facilitate relay of
clinical data to
providers
Use evaluation and
iterative strategies
•Stage
implementation scale
up
Change infrastructure
•Change record
systems

Nephrology
referral
(Wait time for
referral response)
(Rate of referrals
between electronic
versus paper
referrals to
nephrologists)
(Appropriateness
and quality of all
referrals,
timeliness of
responses and
follow-up action)

Time to response was 7
(0.8) days for e-consult
vs. 55.1 (1.6) days for
paper referral to clinic
NR
Rate of referrals was
approximately
1.25/10,000 population
for e-consults versus
1.75/10,000 for paper
referrals. NR
Appropriateness was
90% vs. 56% for
e-consult vs. paper
referrals. NR
E-consultation provided
nephrologists with
access to more clinical
information. GPs
reported that the service
was convenient,
provided timely and
helpful advice, and
avoided outpatient
referrals. Specialist
recommendations were
well followed, and GPs
felt more confident
about managing CKD.

(continued on next page)
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Table 1. (continued)

Study authors
Year
Setting

Number
of patients
(% female)
% black/
minorities
Age
(SD/IQR)
CKD stage
Study design
(duration
months)

Intervention name
and brief description
Target of intervention
Use of implementation
framework or
behavioral theory

ERIC
implementation
strategies
abstracted from
publication
(organized by
concept mapped
cluster defined by
Waltz et al. 2015)

Primary outcome
(measure)
and/or
BP outcomes
(measure)
Secondary
outcomes

Effect size on
primary
outcome
or
BP outcome

Xu, G. et al.
201749

48 primary care practices,
UK

121,362 (NR)
Age (NR)
Patients with
CKD or
uncontrolled
hypertension
Before-after
(18)

IMPAKT IT study:
efficient transmission of
information between
primary/secondary care,
two QI improvement
audit using IT resources
and multi professional,
collaborative teams,
RN run protocol
Clinicians
Yes

Train and educate
stakeholders
•Create a learning
collaborative
•Provide ongoing
consultation
Support clinicians
•Facilitate relay of
clinical data to
providers
Provide interactive
assistance
•Facilitation
Use evaluation and
iterative strategies
•Audit and provide
feedback

Patient
identification
(Prevalence of
coded CKD
between visits 1,
2, and 3)
BP management
(Paired difference
in % with BP
measurement
between visits 1,
2, and 3)
(Paired difference
% meeting BP
management
targets between
visits 1, 2, and 3)

Significant increase in %
coded CKD 4.79* to
4.98 NS to 4.89 NS
respectively.
Decrease in uncoded
CKD from 4.69* to 4.45
NS and 4.45 NS
respectively.
Paired difference in % of
patients
with BP recorded
91.78 NS to 91.36* to
93.37 NS
Paired difference in %
achieving BP
targets.49.43* to 54.55
NS to 53.93 NS

Pharmacy-facing
Al Hamarneh, Y. N. et al.
201750

56 community pharmacies
Community setting,
Canada

290 (54.8%)
61.2 (12.1)
Stages 3–5
or proteinuria
RCT (3
months)

RxEACH Trial
(subgroup analysis)
Community
pharmacy-based inter-
vention program (on
line pharmacist training
program), face-face re-
gional meetings. Train-
ing included modules
on case finding risk
calculation and
management, docu-
mentation of care plans
for remuneration. Inter-
vention also included
medication therapy
management of
patients, pharmacy
consults,
pharmacists-physician
communication regular
f/u visits with patient.
Pharmacists
No

Train and educate
stakeholders
•Develop educational
materials
•Conduct educational
meetings
Support clinicians
•Facilitate relay of
clinical data to
providers
•Revise professional
roles
Engage consumers
•Intervene with
patients/consumers to
enhance uptake and
adherence

Change CV risk
(Change in
estimated CV risk)
BP management
(Change in SBP)
Change in ESRD
risk
(Change in
estimated 5 years
ESRD risk)
Diabetes
management
Lipid management
Medication
management

RRR of 20% for CV
risk*
Difference in differences
between treatment and
control group:
10.5 mmHg in SBP*
RRR of 27% for ESRD
risk NS

Carter, B. L. et al.
201551

Multi-state primary care,
USA

625 (40.3%)
Minority 54%
Black 38.2%
Stages 3–5
Uncontrolled
hypertension
Age 61.8
(13.7)
Pragmatic
RCT (36)

Physician/pharmacist
collaboration
(CAPTION).
Medical record review
and information intake
by pharmacist from
patients. Care plan
developed by
pharmacists including
recommendation,
communicated with
primary care physician
9 months (brief
intervention)
24 months (sustained
intervention)
Pharmacists
Yes: Theory of planned
behavior

Train and educate
stakeholders
•Provide ongoing
consultation
•Conduct educational
meetings
Support clinicians
•Facilitate relay of
clinical data to
providers
•Create new clinical
teams
Engage consumers
•Intervene with
patients/consumers to
enhance uptake and
adherence

BP management
(% achieving BP
goal
< 140/90 for un-
complicated HTN)
(% achieving BP
goal < 130/80 for
DM/CKD)
(Adjusted mean
difference in SBP
and DBP for all
patients)
(Adjusted mean
difference in SBP
and DBP for
minority patients)

48% vs 40%;
Adjusted OR 0.93
[0.48–1.8] for
uncomplicated HTN NS
38% vs 24%
Adjusted OR 2.16
[1.08–4.33]* for
DM/CKD patients.
Adjusted mean
difference—all patients:
SBP/DBP :
− 6.1*/− 2.9 mmHg*
Adjusted mean
difference—minorities:
SBP/DBP:
− 6.4*/− 2.9 mmHg*

Chang, A.R. et al.
201652

47 patients
(57.4%)

Pharmacist medication
therapy management

Train and educate
stakeholders

Lab monitoring Proteinuria screening at
the population level (OR

(continued on next page)
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Table 1. (continued)

Study authors
Year
Setting

Number
of patients
(% female)
% black/
minorities
Age
(SD/IQR)
CKD stage
Study design
(duration
months)

Intervention name
and brief description
Target of intervention
Use of implementation
framework or
behavioral theory

ERIC
implementation
strategies
abstracted from
publication
(organized by
concept mapped
cluster defined by
Waltz et al. 2015)

Primary outcome
(measure)
and/or
BP outcomes
(measure)
Secondary
outcomes

Effect size on
primary
outcome
or
BP outcome

Six primary care sites within
a health system,
USA

Age 67.2 (10)
Stage 3a
eGFR 45–59
Uncontrolled
BP (> 150/80)
Pragmatic
cluster RCT
(18)

(MTM) + usual care
training for pharmacists
(hypertension manage-
ment education +
KDIGO guideline ad-
herence education).
Pharmacists were
allowed to prescribe
and titrate medications.
Pharmacists
No

•Conduct educational
meetings
•Provide ongoing
consultation
•Conduct ongoing
training
Support clinicians
•Create new clinical
teams
•Revise professional
roles
Engage consumers
•Intervene with
patients/consumers to
enhance uptake and
adherence

(% screened for
proteinuria or
protein/creatinine
ratio for all patient
and previously un-
screened patients)
BP management
(Achievement of
BP goals)
Medication
management

2.6; 95% CI 0.5–14.0)
NS
Proteinuria screening for
previously unscreened
patients OR 7.3; 95% CI
0.96–56.3)*
Achievement of BP goal
(OR 0.9; 0.3–3.0) NS

Cooney, D. H. et al.
201553

Primary care,
USA
(VA setting)

2199 (1.5%)
Black 5.4%
75.7 years
(8.2)
KDIGO CKD
3b–5
Pragmatic
cluster RCT
(12 months)

Pharmacist based QI
program (+ lecture on
KDOQI guidelines),
delivery system
redesign (pharmacists
interact more with
PCPs and patients),
self-management sup-
port for patients and
EMR based CKD reg-
istry
Pharmacists
No

Train and educate
stakeholders
•Distribute
educational materials
•Conduct educational
meetings
Support clinicians
•Facilitate relay of
clinical data to
providers
•Revise professional
roles
Engage consumers
•Intervene with
patients/consumers to
enhance uptake and
adherence

BP management
(Decrease in mean
SBP)
(% at goal BP)
Laboratory
monitoring
Mortality
Quality of life
Medication
management
Patient
identification
Nephrology
referral

SBP: 134.4 vs. 152.1 NS
% at goal BP: 42.0% vs.
41.2% NS

Via-Sosa, M. A. et al.
201354

40 Spanish community
pharmacies,
Spain

354 (64%)
Age 82.1
(7.1))
CKD 3–5
Before-after (3
months)

Educational
intervention to improve
drug dosing service by
community pharmacies
Structured method for
pharmacy
communication with
PCP
Clinicians
No

Support clinicians
•Facilitate relay of
clinical data to
providers
•Revise professional
roles

Medication
management
(Prevalence of
drug dosing
inadequacy)
(Mean of
drug-related prob-
lems or appropri-
ateness)

Pre-intervention between
group difference in the
prevalence of dosing
inadequacy: 0.73%
[95% CI (− 6.0, − 7.5]
NS
Post-intervention
between group
difference in the
prevalence of dosing
inadequacy 13.5% [95%
CI 8.0–19.5]*
Pre-intervention
difference in the mean
drug-related problems
per patient 0.05 [95% CI
(− 0.2)–0.3]
Post-intervention
difference: 0.5 [95% CI
0.3–0.7]*

Shared care interventions
Barrett, B. J. et al.
201155

Primary care, Canada

474 (55%)
71 (40,75)
Stages 3–4
RCT (36
months)

Nurse-coordinated
model of care with
access to neurologist
consults, nurse
followed medical
protocols and worked
in close collaboration
with a nephrologist.
Nurses

Support clinicians
•Revise professional
roles
•Create new clinical
teams
Provide interactive
assistance
•Provide clinical
supervision

BP management
(% on target BP <
130/80 mmHg)
Medication
management
Disease
progression
Diabetes control
CV outcomes

Difference in BP target
at 12 months (61.5% vs.
45.9%) NS
Difference in BP target
at 24 months (63.2% vs.
47%) NS

(continued on next page)
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Table 1. (continued)

Study authors
Year
Setting

Number
of patients
(% female)
% black/
minorities
Age
(SD/IQR)
CKD stage
Study design
(duration
months)

Intervention name
and brief description
Target of intervention
Use of implementation
framework or
behavioral theory

ERIC
implementation
strategies
abstracted from
publication
(organized by
concept mapped
cluster defined by
Waltz et al. 2015)

Primary outcome
(measure)
and/or
BP outcomes
(measure)
Secondary
outcomes

Effect size on
primary
outcome
or
BP outcome

No Engage consumers
•Prepare
patients/consumers to
be active participants

Richards, N. et al.
200856

Primary care, UK

483 (53%)
77.1 (NR)
Stages 4 and 5
(some high
3b)
Before-after
(12 months)

Algorithm-based
primary care disease
management program
based on automated
diagnosis using eGFR
reporting. The DMP
was delivered by a
community-based team
of nurses, dietician, and
social worker. The four
main facets of program
included patient educa-
tion, medicine manage-
ment, dietetic advice,
and optimization to
achieve clinical targets.
Clinicians and patients
Yes

Support Clinicians
•Create new clinical
teams
Use evaluation and
iterative strategies
•Audit and provide
feedback
Engage consumers
•Prepare
patients/consumers to
be active participants

Lipid management
(% achieving
target for total
cholesterol, HDL,
LDL,
triglycerides—9
months vs. 0
month))
BP management
(% on target for
SBP and DBP:
130/80 respective-
ly for patient
without DM or
proteinuria
(% on target for
SBP and DBP
120/75
respectively for
patients with DM
and/or proteinuria)
Disease
progression

Cholesterol (< 5
mmol/l): 75% vs
64.5%*
HDL (> 1.2 mmol/l)
43.8% vs. 59.4%. NS
LDL (< 3 mmol/l): 82.0
vs. 69.1%*
Triglycerides (< 2
mmol/l): 56.3% vs.
65%. NS
SBP (target—130/80):
53.2% vs 37.1%*
DBP (target—130/80):
90.3% vs. 68.4%*
SBP (target—120/75):
24.1% vs 18.8%. NS
DBP (target—120/75):
55.2% vs. 52.8%. NS

Scherpbier-de Haan, N. D.
et al. 201357

9 primary care practices,
Netherlands

165 (55.8%)
Age 73.1 (8.1)
Stage 3–5
Cluster RCT
(12 months)

Shared care model
where nurse
practitioner played a
central role and a
nephrologist and a
nephrology nurse could
be consulted
Clinicians and patients
No

Train and educate
stakeholders
•Provide ongoing
consultation
•Distribute
educational materials
•Conduct educational
meetings
Support clinicians
•Create new clinical
teams

BP management
(% meeting BP
target of 130/80)
(Change in SBP)
(Change in DBP)
Medication
management
Diabetes
management
Lipid management
Nephrology
referral
Functional status
Smoking status

% meeting SBP target:
44.4% vs. 21.6%;
OR = 2.9 (95% CI 1.4
to5.8)*
% meeting DBP target:
71.1%% vs. 50%;
OR = 2.5 (95% CI 1.3 to
4.7)*
Change in SBP: −
8.1(4.8–11.3) Tx group
compared to − 0.2 (95%
CI = − 3.8 to 3.3)
control group. NS
Lowering of DBP
− 1.1 (95% CI = − 1.0 to
3.2) Tx group compared
to − 0.5 (95% CI = − 2.9
to 1.8) control group.
NS

Thomas, N. et al.
201458

29 GP primary care in
England and Wales,
UK

No
information
on number of
patients
Stages 3–5
CKD
Before-after
study (NR)

Care bundle for CKD:
three evidence-based
interventions (group
education of patients,
training of providers
and patient
involvement)
Providers and patients
No

Train and educate
stakeholders
•Conduct educational
meetings
Provide interactive
assistance
•Facilitation
Adapt and tailor to
context
•Promote adaptability
Use evaluation and
iterative strategies
•Obtain and use
patients/consumers
and family feedback

Patient
identification
(Recorded
prevalence of
CKD)
BP management
(Proportion of
patients treated to
NICE targets for
BP control <
140/90 mmHg for
patients without
DM or proteinuria)
(Proportion of
patients treated to
NICE targets for
BP control <

Overall prevalence
increased from 4% (±
1.54 %) to 4.9% (±
1.62%) NR
BP target achievement
increased from 61.4 to
62.8% and from 74.8 to
76.7% for patients with
CKD and DM. NR
BP target achievement
increased from 48 to
49.2% for patients
without CKD and DM.
NR

(continued on next page)

S857Kamath et al.: CKD Interventions—Primary Care—Systematic ReviewJGIM



METHODS

This study adheres to the Preferred Reporting Items for Sys-
tematic Review and Meta-analysis (PRISMA).20 This system-
atic review is registered with PROSPERO (registration num-
ber: CRD42018102441; http://www.crd.york.ac.uk/PROS-
PERO). A protocol of this systematic review has been
published.21

Eligibility Criteria

Details of the eligibility and inclusion criteria are included in
the published systematic protocol21 and reflected in Figure 2.
We excluded studies that were in primitive clinical settings

and those that did not separate data from primary care and
specialty practice.

Conceptual Model

Three frameworks guided our conceptual approach to address
the anticipated heterogeneity in interventions targeting CKD
management in order to synthesize evidence of their efficacy
(Fig. 1). The Chronic Care Model (CCM),22, 23 relevant to
primary care settings, enabled a meaningful categorization of
interventions based on their core disease management ele-
ments. Proctor et al.’s framework24 provided us guidance to
distinguish these interventions (the “what”) from

Table 1. (continued)

Study authors
Year
Setting

Number
of patients
(% female)
% black/
minorities
Age
(SD/IQR)
CKD stage
Study design
(duration
months)

Intervention name
and brief description
Target of intervention
Use of implementation
framework or
behavioral theory

ERIC
implementation
strategies
abstracted from
publication
(organized by
concept mapped
cluster defined by
Waltz et al. 2015)

Primary outcome
(measure)
and/or
BP outcomes
(measure)
Secondary
outcomes

Effect size on
primary
outcome
or
BP outcome

•Stage
implementation
scale up
•Conduct cyclical
small tests of change
•Audit and provide
feedback
Engage consumers
•Involve
patients/consumers
and family members
•Prepare
patients/consumers to
be active participants

130/80 mmHg if
patient had DM
and/or proteinuria
(ACR > 70)

Yamagata, K. et al.
201659

Primary care,
Japan

2379 (28.1%)
Age 63.0
years (8.4)
Stages 3–5
and stages
1–2 with pro-
teinuria
Cluster RCT
(42 months)

Multidimensional
behavior modification
intervention targeted at
clinicians and patients:
clinicians received
guidelines and audit
and feedback through
data sheets; patients
receive education
regarding lifestyle
modification
Clinicians and patients
No

Train and educate
stakeholders
•Conduct ongoing
training
•Distribute
educational materials
Support clinicians
•Facilitate relay of
clinical data to
providers
Use evaluation and
iterative strategies
•Audit and provide
feedback
Engage consumers
•Intervene with
patients/consumers to
enhance uptake and
adherence
•Prepare
patients/consumers to
be active participants

Patient adherence
(Discontinuous
visits defined
as > 6 months of
no visit)
BP management
(% achieving BP
targets)
Nephrology
referral
Disease
progression
Guideline
adherence

Rate of discontinuous
visits: 16.2% in group A
(weak intervention)
versus 11.2% in group B
(strong intervention)*
% achieving BP targets:
82.4% (group A) vs.
84.6% (group B) NS

ACE - ace inhibitor, ARB - angiotensin receptor blocker, ACR - albumin-creatinine ratio , BP – Blood Pressure, CKD – chronic kidney disease, CV –
Cardiovascular, ESRD – End Stage Renal Disease, ESKD – end stage kidney disease, DM - Diabetes mellitus, HbA1c -hemoglobin A1c, HTN -
Hypertension, SBP systolic BP, DBP diastolic BP, LDL - low density lipoprotein, HDL - high density lipoprotein, OR - odds ratio, RR - relative risk,
RRR - relative risk reduction
* = p value < 0.05; N/A non applicable; NS Not significant, NR Significance not reported, Lab = laboratory monitoring; Meds = medications. BP
values are reported as mmHg; Laboratory values are reported as mmol/l unless otherwise specified
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implementation processes (the “how”) to integrate them into
the practice. The Expert Recommendations for Implementing
Change (ERIC) framework25 further enabled us to identify
and extract both explicitly defined and implicit implementa-
tion processes employed in each study. This list of 73 imple-
mentation strategies is categorized into nine conceptually dis-
tinct clusters to enable better tailoring of implementation strat-
egies to different settings.26

Through the integration of these frameworks, we identify
CCM defined categories of clinician-facing BP management
and other CKD interventions to compare, at the same time
reviewing implementation strategies used with these interven-
tions. We identified patterns among the most successful inter-
ventions by summary through tabulation methods. Narrative
analyses were conducted by noting the studies with interven-
tion success, defined in terms of magnitude of effect on BP
outcomes. We thematically analyzed features of successful
studies.
Since this was a review targeting clinicians, clinicians were

actively involved in the conceptualization, literature search,
data abstraction, analysis, and interpretation of findings.

Search Methods for Identification of Studies

We searched PubMed, EBSCO, CINAHL, Scopus, Ovid
Medline, Ovid Cochrane Library, Ovid EMBASE, Ovid
PsycINFO, and Web of Science with the help of an
experienced librarian (PJE). The search strategy used is
included in Supplement 1 Limiting our attention to a
period relevant to contemporary clinical guidelines and
scientific evidence, we focused on published reports
from 2000 to October 2017. We built our search results
off Tsang et al.27 from 2000 till 2014; their literature
search was identical to ours. We updated their list with
the search for published reports from 2014 to October
2017. As implementation interventions that promote the
adoption and integration of evidence-based practices are
closely related to the fields of quality improvement and
improvement science, we included search terms associ-
ated with these fields. We reference mined and hand
searched all studies included in full-text reviews, rele-
vant systematic reviews, related publications, and pub-
lished and unpublished studies from clinical registries
and Clinicaltrials.gov.

Selection

Search results were downloaded into EndNote (version 8).
Two reviewers (CCK and BT) identified studies for full-
text review based on the abstract and title with any studies
with disagreement undergoing full-text review. After shar-
ing inclusion and exclusion criteria and the review objec-
tives, reviewers (CCK, BT, MAL, and JM), who were not
blinded to author/institution reviewed full-text versions of
eligible studies. Eligibility at both the abstract and full-text
level was assessed in duplicate and independently.

Disagreements were resolved by consensus; in the absence
of consensus, a third reviewer (CCK or BT) arbitrated. We
calculated Cohen’s kappa28 to assess level of agreement
between reviewers.

Data Collection

Clinicians (BT, ME, CCD, RGM, and JM) defined a catego-
rized list of relevant clinical outcomes for extraction (see
Table 3). After pilot testing an abstraction form in Excel
(Supplement 2 material) and a brief orientation of review
objectives, reviewers (CCK, BT, MAL, CCD, RGM, and
JM) abstracted data. We extracted data on characteristics of
study participants, study design, details of interventions and
controls, implementation strategies (identified and categorized
according to the ERIC framework29, 30), outcome measures
(see Table 3), and study quality factors. Discrepancies in
abstracted data were adjudicated by consensus.
Clinicians (RGM, CCD, AP, JD, JM, MYE, and BT)

abstracted pre-specified clinical outcomes. To classify the
study populations we used the Kidney Disease Improving
Global Outcomes (KDIGO) CKD classification.29 Imple-
mentation science researchers (CCK and MAL) dissected
and abstracted details on interventions and implementation
strategies. The lead author (CCK) oversaw integration of
the two separate abstraction efforts. Authors of the prima-
ry studies were contacted for clarification of missing or
unclear data. Using Proctor et al.’s framework,24 we cat-
egorized interventions (“what” implemented) with guid-
ance from the CCM,22, 23 and implementation strategies
(“how” implemented), with the ERIC framework.25, 26

Methodological Quality and Certainty in the
Evidence

We used the Cochrane Collaboration’s risk of bias tool30 to
evaluate the methodological quality of included RCTs. For
NRS, we adapted the New Castle Ottawa instrument to assess
risk of bias.18 These evaluations were conducted at the study
level. The certainty in evidence (confidence in the effect) was
evaluated using adaptations of GRADE (Grading of Recom-
mendations, Assessment, Development, and Evaluation) for
complex interventions.31

Data Synthesis

In order to triangulate findings across studies, we adopted a
dual analyses strategy, one narrative and the second, a meta-
analysis on BP outcomes, the most prevalent endpoint across
included studies. The narrative synthesis utilized a conceptual
framework described above. Meta-analysis of BP outcomes is
described as follows.
For RCTs, we compared the difference between the inter-

vention and control groups on achievement of BP targets and
reduction in systolic BP. We calculated the odds ratios (OR)
for number of patients achieving target BP and weighted mean
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difference (WMD) for systolic BP levels using the Cochrane
handbook (https://handbook-5-1.cochrane.org/). To summa-
rize the totality of the evidence from both RCTs and NRS,
we also calculated proportionate change in BP target achieve-
ment before and after the interventions in the intervention
groups of included studies. The DerSimonian and Laird ran-
dom effects method32 was used to pool the effect size across
study types (i.e., OR and WMD) from included studies.
Planned subgroup analyses were performed by (1) study de-
sign (RCT or NRS), (2) intervention type (guideline-concor-
dant decision support, shared care, pharmacist-facing), and (3)
use of behavioral/implementation theory. We used I2 indicator
to evaluate heterogeneity across the included studies, in which
> 50% suggests substantial heterogeneity.30 Stata version 15.1
was used to conduct the analyses.11

RESULTS

Study Selection

Our initial search for 2015–2017 identified 3444 records (Fig.
2). After removing 741 duplicates and reviewing 2704 titles/
abstracts, we identified 48 studies for full review. We identi-
fied 10 trials from Clinicaltrials.gov, two of which met our
inclusion criteria; results of both are pending and not available.
After adding 24 studies from Tsang et al.27 and 5 identified by
reference mining we reviewed in full 73 manuscripts; 28 were
included with 88.7% agreement (Cohen’s k 0.77). During data
abstraction, we eliminated 6 because they did not separate out
the results for primary care setting33, 34 or inappropriate out-
comes19, 35; two reports36, 37 were redundant as data from
these were included in a subsequent comprehensive publica-
tion.38 This yielded a total of 22 studies for review.

Study Characteristics

Included studies are summarized in Table 1. Twelve studies
were RCTs, while the rest were NRS (cohort or before-after
studies). One study38 presented results of four independent,
non-overlapping 1-year phases of a multifaceted collaborative
QI strategy examining independent cohorts of patients, which
were treated as four separate studies for meta-analysis. The
studies enrolled patients, ranging from 45 to 121,362 each.
Studies were limited to practices in the industrialized world;
one was in an underserved area.43 Most studies focused on
CKD stages 3–5; two included stages 1–2 with proteinuria50,
59 and three also included patients with uncontrolled BP at
high risk for developing CKD.14, 51, 52 Most studies included
all adult patients while two studies40, 54 were limited to elderly
patients; two42, 47 also presented data on a subgroup of elderly
patients. Only five studies39, 41, 43, 51, 53 reported on minority
patients (range 5–50%) with percentage ranging from 5 to
over 50%. All studies included patients of both sexes.
Study clinical outcomes (see Table 3) are described in

Table 1. Reported clinical outcomes varied across studies;
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most studies reported more than one outcome. BP goal attain-
ment and/or reduction in systolic/diastolic BP, were the most
frequent,20, 23–25, 27–30, 45, 46, 49, 56–58, 60 followed by patient
identification for CKD. Fifteen studies included medication
management most often focused on prescription of ACE/
ARB-inhibitor prescriptions or avoidance of non-steroidal
anti-inflammatory drugs, eight studies included patient identi-
fication for CKD, seven studies, laboratory monitoring of
CKD, and targets in diabetes and lipid management were
reported in 3 and 2 studies respectively.

Risk of Bias in Studies

Most studies had areas with high risk of bias due to lack of
blinding (Table 2). Overall, the RCTs were less biased than
NRS as expected.

Clinical Interventions: “What” Was
Implemented?

Table 1 includes a brief description of specific interventions used
in each study, grouped into three categories: (1) guideline-
concordant decision support through electronic prompts or
managing/tracking CKD patient registries to identify and man-
age CKD,38–49 (2) pharmacist-facing interventions50–54 to man-
age CKD in primary care, and (3) shared care interventions to
manage CKD55–59 involving multidisciplinary care teams (e.g.,
nurse practitioners) in CKD prevention and management.

Meta-analysis of Effect of Clinical Interventions
on Hypertension Outcomes

Pooling the results of RCTs and NRS (using the
DerSimonian–Laird technique29), the overall effect of clinical

interventions on achievement of target BP was significant
(proportionate change 0.14; 95% CI 0.08 to 0.23; I2 =
80.6%; p = 0.006). Most benefit was observed with
guideline-concordant decision support interventions (propor-
tionate change 0.15; 95% CI 0.08 to 0.27; I2 = 99.9%; p =
0.000) and shared care models (proportionate change 0.14;
95%CI 0.08 to 0.25; I2 = 89.9%; p = 0.000), but heterogeneity
was high (Fig. 3).
The nine contributing RCTs39, 41, 46, 51–53, 55, 57, 59

demonstrated a significant effect of all clinical interven-
tions on the achievement of target BP control, (pooled
OR 1.21; 95% CI 1.07 to 1.38; I2 = 40.5%; p = 0.097)
(Fig. 4).
Six studies examined systolic BP reduction, rather than

target BP attainment.39, 46, 50, 51, 53, 57 These demonstrated
high degree of benefit (pooled WMD − 3.86; 95% CI − 7.2 to
− 0.55; I2 = 82.0%; p < 0.001) (Fig. 5).
Planned subgroup analysis examining for potential differ-

ences in intervention efficacy by study design demonstrated a
significantly stronger effect size with NRSs (Fig. 6).
Due to the small number of included studies (n < 20), and

high heterogeneity (I2 ≥ 50%), we determined that evaluation
of publication bias (e.g., funnel plots and Egger’s regression
test) was not feasible.61

Implementation Strategies: “How” the Clinical
Intervention Was Implemented

The number of implementation strategies per study,
classified using the ERIC framework,25 ranged from 2
to 15 (see Table 1). We summarized the distribution of
implementation strategies into concept mapped clusters
(see Table 4) reflected in Waltz et al.24 in Figure 7.
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NOTE: Weights are from random effects analysis
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Figure 3 Meta-analysis of CKD interventions on BP target achievement (only RCTs).
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Most frequently used clusters were “Training and edu-
cating stakeholders” (21 studies) and “Supporting clini-
cians” (19 studies). The least used clusters of strategies
were “Developing stakeholder relationships” (5 studies)
and “Using financial strategies” (4 studies). Table 1
provides further information on individual strategies un-
der each cluster.
Interventions were paired with implementation strategies in

both similar and different ways. All interventions used strate-
gies under “Training and educating stakeholders” and “Sup-
porting clinicians” frequently. Guideline-concordant decision
support was often paired with “Evaluative and Iterative Strat-
egies” and “Providing Interactive Assistance.” The four large
studies—Collaboration for Leadership in Applied Health

Research and Care (CLAHRC)—were exceptional in the use
the most number of diverse strategies. Pharmacist-facing inter-
ventions and shared care interventions also employed “Eval-
uative and Iterative strategies,” “Providing Interactive Assis-
tance,” and “Adapting and tailoring to context”; pharmacist-
facing interventions used them less frequently that shared care
interventions.

Implementation Frameworks: “Why”
Interventions and Implementation Strategies
Are Likely To Impact Outcomes

Behavioral and/or implementation theory, intended to
guide the research, were mentioned by 738, 43, 44, 46,

49, 51, 56 of the 22 studies. Planned subgroup analysis,

Figure 4 Meta-analysis of CKD interventions on BP target achievement (RCTs and NRS).
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based on whether an implementation framework or be-
havioral theory was used (proportionate change 0.14;
95% CI 0.08 to 0.23; I2 = 99.8%; p = 0.000) or not
(proportionate change 0.12; 95% CI 0.07 to 0.21; I2 =
88.4%; p = 0.000), failed to show a difference in effect
(Fig. 8).

DISCUSSION

Summary of Findings

The main purpose of our review was to identify successful
CKD management techniques that improve care quality for
CKD patients. We found that clinician-facing interventions
yielded modest but significant results to control BP, a key
factor in halting the progression of CKD. Guideline-
concordant decision support interventions demonstrated great-
er improvements than shared care and pharmacist-facing inter-
ventions. The best implementation approach was a combina-
tion of guideline-concordant decision support interventions
implemented with clinician-directed education and support
and more importantly with process intensive, tailored, and

stakeholder-engaged strategies to enable adoption of the inter-
vention. Other outcomes measured did not lend themselves to
comparative or quantitative analysis because of inadequate
numbers and heterogeneity of measures reported.
Certain implementation strategies, like training clini-

cians and facilitating relay of clinical data were used
across all three interventions, while the more process-
oriented strategies such as audit and feedback, conducting
cyclical small tests of change, facilitation and adaptation
to context were used less frequently. While education
strategies and infrastructural support, typical change strat-
egies are necessary, they may not suffice for better and
sustained clinical outcomes. Process-oriented strategies,
albeit personnel resource intensive requiring leadership,
additional resources and continued commitment to learn-
ing, feedback and necessary adaptation have a better pay-
off. The lack of implementation outcomes60 (e.g., feasi-
bility, acceptability) in most studies was notable.
The use of theoretical models/frameworks failed to show an

impact, possibly due to wrong model choice, model not con-
sistently guiding the study/evaluation or unanticipated/

Figure 5 Meta-analysis of CKD interventions on reduction in systolic BP.
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unaccounted confounding contextual factors. However, in at
least one instance, where a model, the Promoting Action on
Research Implementation in Health Services (PARIHS) im-
plementation framework consistently guided the CLAHRC
studies,35 the resulting clinical outcomes were significantly
higher than average. These studies also had better reporting
of implementation strategies used.
Our finding that NRSs had larger improvements relative to

RCTs draws attention to the salience of quasi-experimental
studies to study implementation. Most implementation efforts
in real-world settings cannot be limited to controlled environ-
ments implicit in RCTs. Except for the Lusignana et al.46

RCT, we note a richer diversity of implementation strategies
in NRS settings (e.g., Fox,43 Humphreys,38 Litvin, 45

Thomas58). Interventions tested in highly controlled environ-
ments may not avail of the impact of tailoring, adaptation,

iterative learning, and other natural processes of dissemination
and implementation more likely to be present in larger scale,
system level studies, likely to be NRS. These processes have
been shown to enable implementation (e.g.,62, 63). These ben-
efits of the NRS have to be balanced against the known
limitation such as the Hawthorne and placebo effects, and
selection and reporting bias on ascertainment of exposure
and outcomes assessment.
Complex interventions typically have lower GRADE scores

(certainty of evidence) relative to simple interventions because
of their inherent heterogeneity and lack of direct applicabili-
ty.64 Using a modified framework for interpreting GRADE for
complex interventions,31 we can differentiate interpretation of
GRADE scores based on end-user needs. Thus, from a policy
maker’s perspective, where the whole bundle of interventions
is of interest, we assessed a moderate GRADE score. Howev-
er, from a clinician perspective, where interest is on the most

Figure 6 Impact of study design on BP target achievement (RCTs and NRS).

S865Kamath et al.: CKD Interventions—Primary Care—Systematic ReviewJGIM



effective component of interventions, the high heterogeneity
within each category of interventions resulted in a lower
assessed GRADE score. Additionally, interventions were not
well described to assess applicability to specific settings. Low
GRADE scores may be mitigated with high effect sizes,31

relevant to the four CLAHRC studies, increasing the certainty
of evidence from these studies: guideline-concordant decision
support used with education and infrastructure support for
clinicians and process-oriented, contextually adapted
implementation.
While other systematic reviews examined similar inter-

ventions, we focused our attention on interventions target-
ing clinicians, influential players who can make a dent in
early identification and arresting progress of CKD. We
found that implementation strategies that go beyond mere
education and support of clinicians are what make some
interventions more successful than others. Tsang et al.,27

utilizing a rapid realist review method, echo our findings
with their insight that compatibility with existing practi-
ces, ownership of feedback processes and individualized,
tailored improvements were winning strategies. On the
other hand, Galbraith et al.10 found that computer-
assisted or education-based CDM interventions were not
superior to usual care. Silver et al.12 found that

collectively, QI strategies did not have significant effects
on BP outcomes. These discrepancies with our review
could be due to the larger scope of interventions we
examined and our analytic framework to categorize and
assess them. Similar reviews in other chronic diseases9, 65,
66 found high heterogeneity across studies, largely due to
the variety of implementation strategies used. In addition,
tailoring guideline implementation strategies to context,
and using more than one strategy, preferably, complemen-
tary, seemed to be the common theme across our study
and studies in the broader category of management of
chronic conditions in primary care. Our study brings to
the fore the potential for well-implemented guideline-con-
cordant care for CKD management in primary care
through the use of carefully designed implementation
interventions.

Strength and Limitations

The strengths of our study include a comprehensive
search strategy to identify studies. Clinician stakeholders
were engaged throughout the design and conduct of the
study, allowing our findings to be relevant and

Figure 7 Distribution of concept mapped categories and implementation strategies across all included studies.
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immediately actionable to clinicians and health systems.
A robust analytic strategy, integrating three established
models helped to identify what worked best among the
heterogeneous CKD management interventions. Our use
of the ERIC checklist25 elicited otherwise overlooked
implementation details and provided a normative com-
parison across studies. In addition, the triangulation of
data through narrative insights and meta-analyses pro-
vided rich plausible explanations of why some imple-
mentation studies were more successful than others.
Limitations include high heterogeneity complicating

evidence synthesis efforts. It is possible that the high
I2 observed in our meta-analysis were because some
implementation strategies were more effective than
others. The high heterogeneity is not unlike other

similar efforts at evidence synthesis of quality improve-
ment and implementation strategies to manage chronic
conditions in primary care.65 Due to the small number
of studies included (n < 20) and high heterogeneity, we
were unable to statistically evaluate publication bias
(e.g., funnel plot, Egger’s regression test). The fact that
most studies had at least one positive outcome suggests
the presence of publication bias. We were hampered by
limited reporting in published manuscripts in abstracting
implementation strategies. These studies rarely included
implementation outcomes as defined by Proctor et al.49

Finally, limited and non-uniform reporting across studies
hampered our ability to analyze impact on all clinical
outcomes. We did not include non-English studies so
might have missed data in other languages.

Figure 8 Impact of implementation framework on BP target achievement (RCTs and NRS).
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CONCLUSION

Clinician-facing interventions, particularly guideline-
concordant decision support has the potential to improve
BP outcomes in primary care. These effects are larger
when implementation is tailored to context and includes
facilitation, local involvement, periodic feedback, and
engaged leadership.
Better reporting of interventions, their implementation,

and contextual factors in published studies are needed.
Implementation outcomes such as acceptance, appropri-
ateness, and feasibility should be part of primary stud-
ies. The sustainability of the successful intervention
efforts and the cost-effectiveness of alternative imple-
mentation should be assessed.
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