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Abstract
Background: The detection and management of chronic kidney disease lies within primary care; however, performance measures
applicable in the Canadian context are lacking. We sought to develop a set of primary care quality indicators for chronic kidney disease
in the Canadian setting and to assess the current state of the disease’s detection and management in primary care.
Methods: We used a modified Delphi panel approach, involving 20 panel members from across Canada (10 family physicians, 7
nephrologists, 1 patient, 1 primary care nurse and 1 pharmacist). Indicators identified from peer-reviewed and grey literature sources
were subjected to 3 rounds of voting to develop a set of quality indicators for the detection and management of chronic kidney disease in the primary care setting. The final indicators were applied to primary care electronic medical records in the Electronic Medical
Record Administrative data Linked Database (EMRALD) to assess the current state of primary care detection and management of
chronic kidney disease in Ontario.
Results: Seventeen indicators made up the final list, with 1 under the category Prevalence, Incidence and Mortality; 4 under Screening, Diagnosis and Risk Factors; 11 under Management; and 1 under Referral to a Specialist. In a sample of 139 993 adult patients
not on dialysis, 6848 (4.9%) had stage 3 or higher chronic kidney disease, with the average age of patients being 76.1 years (standard deviation [SD] 11.0); 62.9% of patients were female. Diagnosis and screening for chronic kidney disease were poorly performed. Only 27.1% of patients with stage 3 or higher disease had their diagnosis documented in their cumulative patient profile.
Albumin–creatinine ratio testing was only performed for 16.3% of patients with a low estimated glomerular filtration rate (eGFR) and
for 28.5% of patients with risk factors for chronic kidney disease. Family physicians performed relatively better with the management
of chronic kidney disease, with 90.4% of patients with stage 3 or higher disease having an eGFR performed in the previous 18
months and 83.1% having a blood pressure recorded in the previous 9 months.
Interpretation: We propose a set of measurable indicators to evaluate the quality of the management of chronic kidney disease in
primary care. These indicators may be used to identify opportunities to improve current practice in Canada.

C

hronic kidney disease is common. The median prevalence among adults aged 30 years and older is estimated to be 7.2%, and between 23.4% and 35.8%
for people more than 64 years of age.1 Chronic kidney disease has a prevalence similar to that of diabetes2 and engenders at least the same amount of risk for cardiovascular
events and death,3–6 yet it does not get as much attention
with respect to quality improvement. Studies in Canada,7,8
the United States,9–11 the United Kingdom12,13 and Australia14,15 have universally identified gaps in care and knowledge
about chronic kidney disease among patients and providers
in both primary care and specialist settings.
Many countries have guidelines for the management of
chronic kidney disease,16–18 including Canada.19 In 2014, the
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Kidney Disease Improving Global Outcomes group published
international chronic kidney disease guidelines.20 Guideline
statements typically represent important processes of care,
such as appropriate use of diagnostic tests and medications.

Competing interests: Karen Tu, Jess Rogers, Lindsay Bevan and
Katie Hunter report grants or support from the Ontario Renal Network.
No other competing interests were declared.
This article has been peer reviewed.
Correspondence to: Karen Tu, karen.tu@ices.on.ca
CMAJ Open 2017. DOI:10.9778/cmajo.20160113

© 2017 Joule Inc. or its licensors

CMAJ OPEN
Research
Processes that are supported by high-quality evidence are
more likely to improve outcomes; hence, measuring guideline
adherence is increasingly used to assess care quality.21 Measures of quality for chronic kidney disease care are uncommon, and are not currently included in major measurement
sets such as the American Healthcare Effectiveness Data and
Information Set measures.22 The Quality and Outcomes
Framework in the UK includes only 1 measure specific to
chronic kidney disease.23 National primary care quality indicators in Canada24 currently include no measures related specifically to chronic kidney disease.
We set out to develop a set of primary care quality indicators for chronic kidney disease in the Canadian setting and to
assess the current state of the disease’s detection and management in the primary care setting using electronic medical
record (EMR) data from a representative sample of Ontario
physicians and patients.

Methods
Quality indicator selection

We used a modified Delphi approach to establish a chronic
kidney disease quality indicator measurement set for primary
care. We used a multifaceted search strategy of peer-reviewed
and grey literature sources to identify chronic kidney disease–
related measures used by other organizations. We then performed a focused search to identify clinical practice guidelines
specific to the diagnosis and management of chronic kidney
disease. We used AGREE II25 criteria (for quality assessment
of guidelines) to only include high-quality guidelines, from
which we extracted recommendations for consideration by the
Delphi panel as evidentiary support for the identified measures. We did not use recommendations from clinical practice
guidelines to develop new indicators; rather, the information
from the guidelines was used to shape the indicators during
the Delphi process (Appendix 1, available at www.cmajopen.
ca/content/5/1/E74/suppl/DC1).
Identified quality measures were reviewed by the project
clinical leads in primary care (KT) and nephrology (GN) for
relevance to chronic kidney disease in the primary care setting, and the retained measures were submitted to the Delphi
panel for prioritization.

Panel members and modified Delphi process

We invited 20 panel members from across Canada for participation in a modified Delphi process. Ten were family physicians, 7 were nephrologists with clinical and methodological
expertise, 1 was a patient, 1 was a primary care nurse and 1 was
a pharmacist. Each panel member completed conflict of interest and consent forms. Panelists completed 3 rounds of ratings
of candidate measures using a Web-based tool and a criteria
matrix based on an adaptation from previously established criteria26,27 (Figure 1). Panelists participated in a webinar after the
first round, to allow for discussion and consensus building. Panelists provided qualitative feedback during the review, and
could propose new measures. Measures were excluded at each
round according to the criteria in Box 1. Panelists reviewed

their own responses, the panel’s aggregate responses and qualitative feedback at each round. The study team considered qualitative feedback and Canadian practice guidelines in modifying
selected candidate measures to align with Canadian standards
(e.g., blood pressure targets). After 3 rounds of rating and the
webinar, indicators that met the inclusion criteria (Box 1) were
reviewed by the panel and clinical leads for face validity and
comprehensiveness to derive the final measurement set.

Measurement of quality indicators

Using our final measurement set, we performed a current state
analysis of detection and management practices in a convenience sample that consisted of Ontario residents and physicians. We used the Electronic Medical Record Administrative
data Linked Database (EMRALD), which captures clinically
relevant data contained in nearly 400 family physician EMRs
distributed across Ontario. The representativeness of
EMRALD patients and physicians, in addition to the quality
and comprehensiveness of EMRALD data, has been previously found to be generally reflective of the Ontario population.28,29 Young adults and people with lower socioeconomic
status are slightly under represented in EMRALD compared
with the general Ontario population; however, this is likely
characteristic of the types of people that see a physician and
not anything specific to EMRALD patients. Relative to all
Ontario physicians, EMRALD physicians practise more in
rural locations and fewer are foreign-trained physicians.28
To operationalize our measures using EMR data, we introduced a number of additional specifications. We included
patients greater than 18 years of age at index date with an EMR
record that began at least 1 year before the extraction of the
EMR data in the summer/fall of 2014. For indicators for
patients with chronic kidney disease, we identified patients with
stage 3 or greater disease as having a most recent estimated glomerular filtration rate (eGFR) of less than 60 mL/min per 1.73
m2 and a second abnormal reading at least 3 months earlier.
We excluded patients with chronic kidney disease who were
receiving dialysis as documented in the cumulative patient profile, because patients on dialysis were considered to be beyond
Box 1: Filter criteria
Exclusion criteria:
•

75% or more of panel member ratings of the “overall” criteria
fell within the bottom 2 tertiles (between 1 and 6 on a 9-point
Likert scale)
OR

•

75% or more of panel members’ composite ratings (sum of
ratings for all 7 sub-criteria) fell within the bottom 2 tertiles (7–48)

Inclusion criteria:
•

75% or more of panel member ratings of the “overall” criteria fell
within the top tertile (between 7 and 9 on a 9-point Likert scale)
OR

•

75% or more of panel members’ composite ratings (sum of
ratings for all 7 sub-criteria) fell within the top tertile (49–63)
AND

•

Median “overall” score ≥ 7
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Indicator #________
Indicator:

Comments on indicator:
Please rate this indicator in terms of the following statements, where 1 indicates that you Definitely Disagree with
the statement and 9 indicates that you Definitely Agree. Please circle/select one number for each statement.
Definitely
Uncertain/
Definitely
Disagree
Equivocal
Agree
1.

Useful in Improving Patient Outcomes

a.

Evidence-based: evidence supports a link
between this indicator and positive patient
outcomes.

b. Interpretable: the results of the measure
are interpretable by practitioners.
c.

Actionable: the measure addresses an
area that is under the practitioner’s
control.

d. Room for Improvement: this indicator
can detect current gaps in primary CKD
care.
2. Measure Design
a. Validity: the measure appears to measure
what it is intended to.
b. Reliability: the measure is likely to be
reproducible across organizations and
delivery settings.
3. Measure Implementation
a. Feasibility: the data required for the
indicator is likely to be obtained with
reasonable effort at the primary care level.
4. Overall Assessment
a. Overall: overall this indicator has strong
utility for CKD quality of care in primary
care.
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Criteria Matrix was adapted from: Spertus, J. A. et al. and To, T et al. See Methodology for complete references

Overall Comments:

Figure 1: Indicator rating criteria matrix.
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the domain of primary care for management of their condition.
For the first indicator, “The primary care provider can identify
patients in their practice aged 18 or over with chronic kidney
disease,” the proxy EMR measure was a recording of chronic
kidney disease or it’s synonyms in the cumulative patient profile, a discrete EMR field, typical of family physician patient
records, which contains a “history of past health” and active
“problem list.” For the 2 indicators that were written as “… initial eGFR less than 60 mL/min per 1.73 m2 …,” we defined
“initial” as the first eGFR at least 6 months before the date the
data was extracted to allow for at least 6 months to look for a
repeat test or albumin–creatinine ratio (ACR) test. For the
“percentage of patients with chronic kidney disease that had a
serum potassium test 7–30 days after the initial angiotensinconverting enzyme (ACE) inhibitor–angiotensin II receptor
blocker (ARB) prescription,” we only included patients with
ACE inhibitor–ARB prescriptions after a full year of no ACE
inhibitor–ARB prescription, thus ensuring new-user status
among patients included in the denominator. For the indicator
“percentage of patients with chronic kidney disease simultaneously receiving both an ACE inhibitor and an ARB,” the
numerator only included patients that received a prescription
for both types of medications on the same day.
We used validated methods for identifying patients with diabetes30,31 and included patients with hypertension who had

hypertension recorded in their cumulative patient profile, who
had an elevated blood pressure and a prescription for an antihypertensive on the same day and a prescription for an antihypertensive in the past 18 months, or who met Canadian Hypertension Education Program Criteria for hypertension at any time
in their EMR record and an elevated blood pressure or antihypertensive prescription in the past 18 months. This algorithm
had a sensitivity of 81.1%, specificity of 97.7%, positive predictive value of 93.2% and negative predictive value of 93.1% in a
validation study involving 969 randomly selected adults that
compared EMRALD with chart-abstracted data.32–34
All analyses were done in SQL Server Management Studio
2012.

Ethics approval

The Sunnybrook Health Sciences Research Ethics Board
approved both phases of the project.

Results
Modified-Delphi panel results

We identified 174 measures published by 26 sources (Figure
2). After review by clinical leads, 89 measures (Appendix 2,
available at www.cmajopen.ca/content/5/1/E74/suppl/DC1
were submitted to the panel. The response rate for all 3 of the

Initial search for existing quality indicators
n = 174
Preliminary filter applied by project clinical
leads
n = 89
Round 1 questionnaire circulated to panel
n = 89

• Excluded n = 26
• Unsure n = 63
• Newly suggested n = 12
• Excluded after webinar n = 24

Round 1 results circulated and webinar
discussion
Round 2 questionnaire circulated to panel
n = 51

• Excluded n = 7
• Included n = 15
• Unsure n = 29
• Newly suggested n = 4

Round 2 results circulated

Round 3 questionnaire circulated to panel
n = 33

• Excluded n = 13
• Included n = 2
• Unsure n = 18

Round 3 results

Final list of indicators
n = 17

Figure 2: Modified Delphi panel process.
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rating rounds of the panel process was 100%. Seventeen indicators made up the final list, with 1 under the category Prevalence, Incidence and Mortality; 4 under Screening, Diagnosis
and Risk Factors; 11 under Management; and 1 under Referral to a Specialist (Box 2). There were 2 categories, System
Level and Lifestyle, for which no indicators met the inclusion
criteria. The panel acknowledged through discussion that,
though important, System Level indicators are likely outside
of the family physicians’ control. Lifestyle-related indicators
(e.g., smoking cessation, dietary, exercise counselling) did not
get included because the panel rated them as low in their feasibility to measure in the EMR.

Measurement of quality indicators

Overall, of the 140 147 eligible adult patients in EMRALD,
101 561 (72.5%) had at least 1 eGFR in their chart and
although only 76 935 (54.9%) patients had at least 2 eGFRs
recorded in their chart, 16 585 of 17 299 (95.9%) of the
patients with an eGFR less than 60 mL/min per 1.73 m2 had
at least 1 additional eGFR test. There were 154 dialysis recipients who were removed from analysis; of the remaining
patients, 6848 of 139 993 (4.9%) had stage 3 or greater
chronic kidney disease. The mean age of the EMRALD
cohort was 50.0 (standard deviation [SD] 18.3) years, with
57.2% of the cohort being female. The mean age of patients
in our cohort with stage 3 or greater chronic kidney disease
was 76.1(SD 11.0) years, with 62.9% being female. The mean
duration of the EMR record was 5.8 (SD 2.9) years. Among
our patients with stage 3 or greater disease, 32.9% had diabetes and 70.3% had hypertension, compared with 10.6% with
diabetes and 23.1% with hypertension in the general
EMRALD population.
Family physician performance was highest in avoiding
nonsteroidal anti-inflammatory drugs (NSAIDs), avoiding
simultaneous prescription of ACE inhibitors and ARBs, and
measuring eGFR and blood pressure for patients with stage 3
or greater chronic kidney disease, with over 80% adherence in
these measures (Table 1). In addition, more than 70% of
patients with a clinical indication were prescribed an ACE
inhibitor or ARB and had an eGFR measured if at high risk
for chronic kidney disease. Less than 70% of applicable
patients had a referral to a nephrologist, had received influenza vaccine, met blood pressure targets, were prescribed a
statin, or had a potassium test 7–30 days after starting an ACE
inhibitor or ARB. It is notable that ACR testing was part of 3
of the 5 most poorly performed indicators. Less than 50% of
patients at risk for chronic kidney disease had an ACR done,
had their chronic kidney disease documented in their cumulative patient profile, had an ACR done or a repeat eGFR if
their initial eGFR was less than 60 mL/min per 1.73 m2
within 6 months, or had an ACR in the past 18 months if they
had chronic kidney disease.

Interpretation
Through a modified Delphi process, we established a set of
primary care indicators for detecting and managing chronic
E78
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kidney disease in a Canadian context. In addition, we were
able to show the feasibility of measuring these indicators to
gain an understanding of the current state of the detection
and management of this disease in the primary care setting
Box 2: Quality indicators resulting from Delphi panel process
Prevalence, incidence and mortality
1. The primary care providers can identify patients in their
practice aged 18 years and older with chronic kidney disease.
Screening, diagnosis and risk factors
2. Percentage of patients with an initial estimated glomerular
filtration rate (eGFR) < 60 mL/min per 1.73 m2 that is followed
by a repeat test within 6 months.
3. Percentage of patients with an initial eGFR < 60 mL/
min/1.73 m2 with an albumin–creatinine ratio (ACR) test
conducted within 6 months.
4. Percentage of patients with risk factors for chronic kidney
disease (diabetes, hypertension) with an eGFR in the past
18 months.
5. Percentage of patients with risk factors for chronic kidney
disease (diabetes, hypertension) with an ACR in the past
18 months.
Management
6. Percentage of patients with chronic kidney disease with an
eGFR in the past 18 months.
7. Percentage of patients with chronic kidney disease with an
ACR in the past 18 months.
8. Percentage of patients with chronic kidney disease with a
blood pressure recorded in the past 18 months.
9. Percentage of patients with diabetes and albuminuria
(moderately or severely increased ACR ≥ 3 mg/mmol) with a
blood pressure recorded in the past 9 months.
10. Percentage of patients with chronic kidney disease with a
most recent blood pressure < 140/90 mm Hg, or with chronic
kidney disease and diabetes with a most recent blood
pressure < 130/80 mm Hg.
11. Percentage of patients with diabetes and albuminuria
(moderately or severely increased ACR ≥ 3 mg/mmol) who
were prescribed an angiotensin-converting enzyme (ACE)
inhibitor or angiotensin II receptor blocker (ARB) unless a
contraindication or adverse effects are recorded.
12. Percentage of patients with chronic kidney disease who had a
serum potassium test 7–30 days after initial ACE inhibitor–
ARB prescription.
13. Percentage of patients with chronic kidney disease
simultaneously receiving both an ACE inhibitor and an ARB.
14. Percentage of patients with stage 3–5 chronic kidney disease
and a prescription for a nonsteroidal anti-inflammatory drug for
more than 2 weeks.
15. Percentage of patients ≥ 50 years and ≤ 80 years of age with
stage 3–5 chronic kidney disease and taking a statin unless
contraindicated.
16. Percentage of patients with chronic kidney disease who
received an influenza vaccine in the past year unless
contraindicated.
Referral to a specialist
17. Percentage of patients age < 80 years with a referral to a
nephrologist for eGFR < 30 mL/min per 1.73 m2.
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in Ontario, which could allow us to identify gaps in care and
determine areas that should be targeted for improvement.
Our measures span a broad range of identified measurement domains and concepts. A US-based panel identified 12
measures for the primary care management of chronic kidney
disease.35 Most were conceptually similar to ours in terms of
identifying important actions in the management of chronic
kidney disease, although they differed slightly in their definitions of time frames for actions. An annual complete blood

count for patients with stage 3b-5 disease and avoidance of
bisphosphonates in patients with an eGFR of less than 30 mL/
min per 1.73 m2 were included in the US indicators, but not in
ours. Recently, a Japanese team followed a modified Delphi
method to identify a set of quality indicators for the care of
chronic kidney disease in the primary care setting.36 They
selected 11 indicators, of which 7 were conceptually similar to
ours, with 4 measures not included in our set: prevention of
contrast-induced nephropathy, glycemic control of diabetes in

Table 1: Results as applied in Electronic Medical Record Administrative data Linked Database (EMRALD)
Quality indicator

Numerator

Denominator

Percentage

1856

6848

27.1

2. Percentage of patients with an initial eGFR < 60 mL/min per 1.73 m2 with an eGFR
within 6 months*

4068

8573

47.5

3. Percentage of patients with an initial† eGFR < 60 mL/min per 1.73 m2 with an ACR
within 6 months*

1400

8573

16.3

4. Percentage of patients with risk factors for chronic kidney disease (diabetes,
hypertension) with an eGFR in the past 18 months

23 998

32 637

73.5

5. Percentage of patients with risk factors for chronic kidney disease (diabetes,
hypertension) with an ACR in the past 18 months

9291

32 637

28.5

6. Percentage of patients with chronic kidney disease with an eGFR in the past
18 months

6190

6848

90.4

7. Percentage of patients with chronic kidney disease with an ACR in the past 18 months

2341

6848

34.2

8. Percentage of patients with chronic kidney disease with a BP recorded in the past 9
months

5692

6848

83.1

9. Percentage of patients with diabetes and albuminuria (moderately or severely
increased ACR ≥ 3 mg/mmol) with a BP recorded in the past 9 months

5439

6320

86.1

10. Percentage of patients with chronic kidney disease with a most recent BP < 140/90
mm Hg, or with chronic kidney disease and diabetes with a most recent BP <
130/80 mm Hg

4465

6848

65.2

11. Percentage of patients with diabetes and albuminuria (moderately or severely
increased ACR ≥ 3 mg/mmol) who were prescribed an ACE inhibitor or ARB unless a
contraindication or adverse effects are recorded

3734

4997

74.7

12. Percentage of patients with chronic kidney disease who had a serum potassium test
7–30 days after initial ACE inhibitor–ARB prescription*

2944

4965

59.3

13. Percentage of patients with chronic kidney disease with an ACE inhibitor and an ARB
prescription on the same day*

48

6848

0.7

14. Percentage of patients with chronic kidney disease and ≥ 1 prescription for NSAIDs*

99

6848

1.4

15. Percentage of patients ≥ 50 years and ≤ 80 years of age with chronic kidney disease
taking a statin unless contraindicated

2236

3701

60.4

16. Percentage of patents with chronic kidney disease who received an influenza vaccine
in the past year unless contraindicated

4493

6848

65.6

339

508

66.7

Prevalence, incidence and mortality
1. Patients with stage 3 or greater chronic kidney disease who have it documented in their
cumulative patient profile*
Screening, diagnosis & risk factors

Management

Referral to a specialist
17. Percentage of patients aged < 80 years with a referral to a nephrologist for eGFR < 30
mL/min per 1.73 m2

Note: ACE = angiotensin-converting enzyme, ACR = albumin–creatinine ratio, ARB = angiotensin II receptor blocker, BP = blood pressure, eGFR = estimated glomerular
filtration rate, NSAID = nonsteroidal anti-inflammatory drug.
*Modified to be feasible to measure.
†First eGFR < 60 mL/min per 1.73 m2 at least 6 months before the load date of the electronic medical record.
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chronic kidney disease, avoidance of biguanides in diabetes and
quarterly urine testing. With respect to lipid management in
chronic kidney disease, our indicator measured statin prescribing, which is within the provider’s control. The US-based panels’ indicator required cholesterol testing, and the Japanese
indicator was based on achieving a cholesterol target, which is
not necessarily within the provider’s control.
We found the lack of documentation in problem lists or
past medical history of chronic kidney disease by family physicians consistent with other studies that identified the lack of
recognition of chronic kidney disease by primary care physicians.13,37 Although our indicator methods differed slightly
from previous measures in the primary care setting in the US,
we found similar rates of lipid-lowering medication use
(~60%) and avoidance of NSAID prescribing.38 Our prevalence rates for stage 3 or greater disease (4.9%) were lower
than identified elsewhere, but other studies based their diagnosis on a single eGFR measure and did not exclude patients
who were undergoing dialysis.13,38 The higher prevalence of
chronic kidney disease that we found among women was similar to those found in the UK and in the US, and the rates of
diabetes and hypertension were similar to the American rates,
but higher than those found in the UK.13,38

Conclusion

Limitations

References

It was necessary to modify some of the indicators for measurement because we only had laboratory data as far back as the
date of creation of each EMR record. Therefore, we could
not confirm disease onset and duration because we could not
be certain that the first occurrence of an eGFR of less than 60
mL/min per 1.73 m2 in the EMR was the first ever for a given
patient. This limitation required us to redefine “initial” in
indicators that measured repeat testing after the initial eGFR
of less than 60 mL/min per 1.73 m2. It is possible that if we
had the initial eGFR, our measured performance rate for
repeat or ACR testing may have been higher. However, it is
unlikely that it would have been significantly higher given the
low rate of ACR testing in general.
In Ontario, the eGFR is typically provided when serum
creatinine testing is ordered and is calculated at the laboratory
using the Modification of Diet in Renal Disease (MDRD)
equation.39 However, the MDRD equation only takes into
account white and black ethnicity, and does not consider the
ethnic diversity of the Ontario population. Ethnicity is not
typically provided when the laboratory test is ordered, thus it
is likely that even the correction factor for black patients is
not applied. The MDRD equation may underestimate eGFR
and therefore may have led to overdiagnosis. More recently,
in 2015, Ontario laboratories have switched to using the
Chronic Kidney Disease Epidemiology Collaboration equation,40 which is considered to be more accurate, particularly
for women and the younger population. However, this change
occurred after the conduct of our analysis.
It is possible that influenza vaccines were given to patients
but not recorded in the EMR because patients in Ontario may
receive influenza vaccines outside of the family physician’s
office (e.g., at shopping malls, pharmacies or public health
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units), and the completeness of this recording in EMRs is
unknown.
We did not have access to medication duration and precise
medication discontinuation dates; therefore, we were required
to make estimates on timing and duration for medication
indicators.
Finally, we are limited by identifying patients with chronic
kidney disease through the laboratory tests in the EMR. It is
likely that laboratory tests ordered by specialists or in hospital
are not accounted for in our analysis.
We have developed a set of quality indicators for the detection and management of chronic kidney disease that are feasible to measure. Through our application of these indicators to
real-world primary care EMR data, we have identified areas
that need improvement. Future studies that focus on understanding why physicians are not ordering ACR tests and
appear not to be recognizing chronic kidney disease are
needed. We have been unable to identify similar quality indicator measurement in other provinces in Canada; however, it
is hopeful with the release of these indicators that other provinces may be able to do comparable analyses in the future.
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