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Abstract
Background Clinical practice guidelines for management
of chronic kidney disease (CKD) have been developed
within the Kidney Disease Outcomes Quality Initiative (K/
DOQI). Adherence patterns may identify focus areas for
quality improvement.
Methods We retrospectively studied contemporary CKD
care patterns within a private health system in the United
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States, and systematically reviewed literature of reported
practices internationally. Five hundred and nineteen
patients with moderate CKD (estimated GFR 30–59 ml/
min) using healthcare benefits in 2002–2005 were identified
from administrative insurance records. Thirty-three relevant
publications in 2000–2006 describing care in 77,588 CKD
patients were reviewed. Baseline demographic traits and
provider specialty were considered as correlates of delivered care. Testing consistent with K/DOQI guidelines and
prevalence of angiotensin converting enzyme inhibitor/
angiotensin receptor blocker (ACEi/ARB) medication prescriptions were ascertained from billing claims. Care
descriptions in the literature sample were based on medical
charts, electronic records and/or claims.
Results KDOQI-consistent measurements of parathyroid
hormone (7.1 vs. 0.6%, P = 0.0002), phosphorus (38.2 vs.
1.9%, P \ 0.0001) and quantified urinary protein (23.8 vs.
9.4%, P = 0.008) were more common among CKD
patients with versus without nephrology referral in the
administrative data. Nephrology referral correlated with
increased likelihood of testing for parathyroid hormone and
phosphorus after adjustment for baseline patient factors.
Use of ACEi/ARB medications was more common among
patients with nephrology contact (50.0 vs. 30.0%;
P = 0.008) but appeared largely driven by higher comorbidity burden. The literature review demonstrated similar
practice patterns.
Conclusions Delivery of CKD care may be monitored by
administrative data. There is opportunity for improvement
in CKD guideline adherence in practice.
Keywords Angiotensin-converting enzyme inhibitors 
Chronic kidney disease  Guideline adherence 
Laboratory diagnoses  Physician’s practice patterns 
Referral and consultation

123

42

Clin Exp Nephrol (2008) 12:41–52

Introduction

Study sample

Population based studies estimate that up to 19 million
Americans have some form of chronic kidney disease
(CKD) [1]. As a reflection of both of its prevalence and
serious consequences, CKD has been named among the
major focus areas of ‘‘Healthy People 2010’’ [2]. While there
is mounting evidence for the value of timely and comprehensive CKD care [3–5], data have emerged suggesting
patterns of suboptimal adherence to best practices. Some of
the aspects of CKD care are particularly disregarded. For
example, within the management of renal osteodystrophy,
several recent studies report failure to monitor intact parathyroid hormone (iPTH) levels in approximately 85% or
greater fractions of CKD patients [6–10].
In 2002, the National Kidney Foundation launched the
promotion of clinical practice guidelines for diagnosis,
evaluation and monitoring of CKD within the Kidney
Disease Outcomes Quality Initiative (NKF-K/DOQI) in an
effort to increase awareness of optimal CKD care [11]. As
may be expected based on the focus areas in nephrology
specialty practice, there is evidence supporting higher
quality of CKD care and improved outcomes including
survival among CKD patients who receive early referral to
nephrologists [12–14]. Nonetheless, there may be opportunities to improve CKD care practices even among
patients receiving specialty care [10, 15–18].
To enhance current understanding of the state of contemporary CKD care, we performed a retrospective study of
the electronic records of a large health insurance provider
describing the care of patients with moderate CKD from
2002 to 2005. We aimed to: (1) compare actual clinical
practice with standards proposed by K/DOQI guidelines for
measurement of proteinuria, parameters of bone and mineral
metabolism, and serum lipids; (2) evaluate the use of medications blocking angiotensin II actions; and (3) assess
variations in care according to nephrology referral status. We
also performed a systematic literature review to frame our
results in the context of reported care patterns worldwide.

Eligible participants included insurance beneficiaries with
at least one serum creatinine result in the ambulatory laboratory database during an enrollment window ranging
from January 1, 2002 through March 31, 2004. The end of
the enrollment window was chosen as one year before end
date of available claims (March 31, 2005) at the time of the
study. One year of continuous medical and pharmacy
benefits eligibility following the index date was required,
defined as coverage with unlimited gaps up to three days
and/or a single gap of 4–60 days.
The date of the first serum creatinine within the observation window was taken as each participant’s index date.
We estimated glomerular filtration rate (GFR) from the
index creatinine level by the abbreviated Modification of
Diet in Renal Disease (aMDRD) equation [11], and classified CKD stage according to the schema of the NKF-K/
DOQI [11]. All participants were assumed to be non-black,
as race was not tracked in this administrative database. To
restrict the sample to patients with pre-dialysis CKD, we
excluded CKD patients with medical claims with International Classification of Disease, Ninth Revision, Clinical
Modification (ICD-9-CM) codes for dialysis and/or related
complications prior to the index date (V56, 996.1, 996.56,
996.62, 996.68, 996.73, V45.1, E870.2, E871.2, E872.2,
E874.2, E879.1).

Methods
Data source
Data were drawn from the de-identified, electronic records of
a large health insurance provider in the Midwestern United
States. Analyses were performed using Health information
Portability and Accountability Act (HIPAA)-compliant,
limited datasets from which all direct patient and provider
identifiers were removed. This study was approved by the
Institutional Review Board of Saint Louis University and by
the research review board of the insurance provider.
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Outcomes of interest
The primary outcomes were test performance within
appropriate intervals following the index date according to
the NKF-K/DOQI guidelines for characterization of CKD
and important clinical complications [11, 19, 20]. Test
performance was identified based on submission of dated
medical claims with corresponding Current Procedural
Terminology (CPT) codes as defined in Appendix 1. Outcomes of interest included: quantified urinary protein
excretion; measurement of serum phosphorus, calcium, and
iPTH levels; and lipid profiling. K/DOQI recommends
proteinuria quantification as part of the characterization of
CKD [11]. We considered testing for microalbuminuria or
quantified proteinuria within one year of the index date as
appropriate. In stage 3 CKD annual assessments of
parameters of bone and mineral metabolism are advised
[19]. Assessment of lipid status by a fasting, fractionated
lipid panel is recommended in CKD care at initial presentation, upon change in lipid status or treatment, and
annually [20]. We scored lipid testing as appropriate if
performed within a 1-year period following the index date.
We also evaluated the use of Angiotensin Converting
Enzyme inhibitor and Angiotensin Receptor Blockers (ACEi/
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ARBs) medications based on submission of pharmacy claims
with National Drug Codes for any drug of this class.

Co-morbid conditions and nephrology referral status
The presence of co-morbid conditions was defined based on
medical claims with ICD-9-CM diagnostic codes for hypertension (401–405), diabetes mellitus (250, 357.2, 362.0,
366.41, 648.0) and congestive heart failure (428, 402.91,
404.91, 398.91). We identified patients with nephrology
specialty encounters in the database based on submission of
any medical claim with a corresponding nephrology provider
specialty code. The comparison group comprised patients who
had not seen a nephrologist during the study period.

Statistical analyses
Means and standard deviations were computed to describe
continuous variables. Categorical variables were described
with counts and proportions. We compared proportions of
guideline consistent test performance and medication use
according to nephrology referral status with two-sided
Fisher’s exact tests. Adjusted associations of baseline
characteristics and nephrology referral status with guideline were modeled by multivariable logistic regression.

Systematic literature review
To frame our results in the context of reported care patterns, we performed a systematic literature search for
studies describing frequencies of assessment of proteinuria,
serum lipids and parameters of bone and mineral metabolism in patients with CKD. We limited our search to studies
published between January 2000 and November 2006. Our
search strategy included electronic queries of MEDLINE
using the medical subject heading (MeSH) terms listed in
Appendix 2. Articles describing pediatric populations or
peculiar subgroups of subjects (e.g., hospitalized patients)
were excluded. Manual search of the reference lists of
relevant articles supplemented electronic findings. The
descriptive and outcome data elements abstracted from the
final sample of articles are provided in Tables 2 and 3.
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benefits after the index date. Based on the aMDRD equation, the distribution of estimated GFR was: C90 ml/min,
1,355 patients; 60–89 ml/min, 2,809 patients; 30–59 ml/
min, 519 patients. These latter 519 patients, classified as
CKD stage 3, were selected for further study. To enable
assessment of trends in practice patterns over time, we
divided this sample into approximately halves according to
index date falling prior to (N = 268) or after (N = 251) July
1, 2003, for certain sub-analyses.
The average participant age in our study sample was
57 years (range 15–91 years), and 62% were women.
Comorbidity indications in claims included hypertension in
59%, diabetes in 21%, and congestive heart failure in 8%.
Eight percent of subjects received a nephrology consultation during the observation period. As shown in Fig. 1,
stage 3 CKD patients referred to nephrologists were noted
to have a heavier burden of comorbidities. More than 30%
of patients evaluated by nephrologists had both hypertension and diabetes, whereas approximately 40% of
unreferred patients were without indications of hypertension, diabetes or heart failure in the database.

Prevalence and correlates of guideline-consistent CKD
care
With the exception of lipid measurement, adequate diagnostic testing was significantly more common among CKD
patients referred to nephrologists compared to those without referral (Fig. 2). Fractionated lipid assessment was
performed in approximately 60% of patients and did not
differ by specialty contact (P = 0.5). The prevalence of
recommended testing for iPTH was very low regardless of
referral status, being 7.1% in specialty-referred versus
0.6% in un-referred patients (P = 0.0002). Among
1 00%
90%

Without nephrology referral

†

80%

With nephrology referral

70%
60%
50%

†

40%

*
‡

30%

*
‡

†

20%

Results

†

1 0%
0%

Participants
We identified 7,735 unique patients with at least one serum
creatinine result within the study period. Of these, 4,748
patients had at least one year of continuous insurance

No
Comorbidity

HTN
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CHF

HTN and
DM

HTN and
CHF

CHF and
DM

H TN , D M
and CHF

Fig. 1 Comorbidity distribution according to referral status in the
study sample of patients with moderate (stage 3) CKD. CKD chronic
kidney disease; CHF congestive heart failure; DM diabetes mellitus;
HTN Hypertension. * P \ 0.05;  P \ 0.01;  P \ 0.001
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specialty care recipients, only 38.2% underwent phosphorus measurement, although this was higher than observed
in the sample without specialty care (1.9%, P \ 0.0001).
Calcium testing was common, but was higher among
patients seen by specialists (82.4 vs. 97.6%, P = 0.008).
Overall, urinary protein quantification was performed
among 10.6% of the full study sample, comprising 23.8%
of specialty-referred patients compared to 9.4% of nonreferred subjects (P = 0.008). Within the full sample there
was a pattern of increased quantification of urinary protein
among the more recently enrolled compared to the earlier
cohort (13.8 vs. 7.2%, P = 0.01). This pattern of increased
urine protein measurement in the later compared to earlier
study period was significant among patients without
nephrology referral (12.2 vs. 6.5%, P = 0.01) and showed a
non-significant trend within the small sample referred to
nephrologists (30.4 vs. 15.8%, P = 0.3).
According to multivariate analysis (Table 1), aside from
an association of male gender with increased odds of calcium measurement, care patterns were not predicted by
baseline demographics. However, there were important
associations of guideline consistency with comorbidities.
Independent of gender, age and referral status, stage 3
CKD patients with diabetes or hypertension had higher
odds of being tested for proteinuria, calcium and lipids.
After adjustment for baseline demographics and comorbidity, nephrology referral strongly predicted increased
likelihood of testing for iPTH and phosphorus.

Prescription patterns of ACE inhibitors/ARB
medications
In the total CKD study sample, patients referred to nephrologists were prescribed ACEi/ARBs medications
†

100%

Without nephrology referral

90%

With nephrology referral

80%
70%
60%
50%

‡

40%
30%

†

20%
10%

†

0%
Intact Parathormone
( iPT H)

Phosphorus

Calcium

L i pids

Q u ant i fi e d
Urinary Protein

Fig. 2 Prevalence of guideline-consistent evaluation and monitoring,
according to referral status, in the study sample of patients with
moderate (stage 3) CKD.  P \ 0.01;  P \ 0.0001
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approximately 70% more often than those without specialty contact (prescribing prevalence 50.0 vs. 30.0%;
P = 0.008) (Fig. 3). While not statistically significant,
similar prescribing patterns according to referral status
were observed among patients without major comorbidities
(33.3 vs. 6.2%; P = 0.06). When comparing prescribing
patterns within comorbidity-stratified samples, however,
the frequency of use of ACEi/ARBs did not differ significantly according to referral, although there was a
consistent trend towards slightly higher total prescribing
among patients seen by nephrologists.
While the prevalence of ACEI/ARB use was higher in
patients with relevant comorbidities, only 52.6% of CKD
patients with hypertension and diabetes received treatment
to block the rennin–angiotensin system during observation.
Moreover, only 37.4% of the CKD patients with co-existing hypertension, diabetes and heart failure were treated
with ACEI/ARBs. There was no difference in the prevalence of ACEI/ARB prescribing among earlier compared to
later enrolled members of the full sample (31.5 vs. 31.7%,
P = 0.9), nor were there temporal trends in the use of these
medications among subgroups defined by access to
nephrology care.

Literature review
The search algorithm yielded 1,865 potentially relevant
original papers, of which eight articles describing frequencies of assessment of proteinuria, lipid or bone and
mineral metabolism [6–10, 16, 21, 22] and 28 publications
with data on ACEi or ARBs use met selection criteria [6, 8,
10, 16, 23–46]. Tables 2 and 3 summarize relevant design
features and frequencies of interest of each study.
The vast majority of published studies on CKD evaluation and monitoring (Table 2) were conducted in the
United States. Criteria defining kidney impairment were
variable, including measured creatinine clearance, CKD
staging from prediction equations, threshold serum creatinine levels and/or albuminuria. Outcome ascertainment
periods also varied, where specified, from a single clinical
encounter to 4 years. Reported frequencies of testing for
parameters of bone and mineral metabolism ranged from
3.4 to 15% for iPTH, 29–70% for phosphorus, and 34–95%
for calcium. Lipid assessment (not necessarily fractionated)
was performed among 47–71% of the CKD samples, while
urinary protein was quantified in 4–70%. Among studies
with homogeneous ascertainment periods, testing frequencies for phosphorus and calcium were higher in more
recent investigations [9, 10, 16]. Moreover, there were
patterns suggesting more frequent testing among patients in
nephrology practices compared to primary care or other
specialties.
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Table 1 Adjusted correlates of guideline-consistent monitoring by multivariable logistic regression (Odds ratio (95% confidence interval))
Quantified urinary protein

iPTH

Serum phosphate

Serum calcium

Serum lipids

Clinical factor
Age (per decade)

0.9 (0.7–1.3)

1.3 (0.5–2.8)

0.9 (0.5–1.4)

1.0 (0.8–1.3)

1.0 (0.8–1.2)

Male gender

0.9 (0.5–1.7)

1.3 (0.2–6.6)

1.7 (0.7–4.4)

2.0 (1.1–3.4)*

1.2 (0.8–1.7)

HTN

4.1 (1.6–10.2)

0.9 (0.1–5.8)

2.0 (0.6–6.1)

4.5 (2.6–7.9)



Diabetes mellitus

7.9 (4.2–14.9)

Nephrology referral

0.5 (0.1–4.9)

0.6 (0.2–1.9)


2.0 (0.8–4.9)

14.7 (2.4–89.3)

26.8 (10.0–71.8)

18.6 (2.5–137.4)


5.8 (0.7–44.8)

2.9 (2.0–4.4)


2.6 (1.5–4.4)
0.5 (0.3–1.0)

Effect estimates are adjusted for all other clinical factors. An odds ratio \1.0 indicates that the clinical factor was associated with decreased
likelihood of monitoring for the outcome of interest. An odds ratio[1.0 indicates that the clinical factor was associated with increased likelihood
of testing for the modeled outcome
* P \ 0.05;



P \ 0.01;



P \ 0.001

Table 3 describes articles published in 2000–2006 that
report the frequency of ACEi/ARB use in CKD patients.
Overall prescribing prevalence ranged from 34 to 81%.
There was a significant temporal pattern of higher reported
prescribing prevalence among CKD patients in more recent
years (r2 = 0.54, P \ 0.0001 for correlation of reported
prescribing frequency with starting year of study enrollment; r2 = 0.54, P \ 0.0001 for correlation of prescribing
frequency with median year of study enrollment). Among
those studies describing prescribing patterns according to
comorbid conditions, patterns were similar to those
observed in CKD in general. Prescription frequency ranged
from 40 to C75% in patients with diabetes, and from 47 to
[80% in patients with reported cardiovascular disease [6,
16, 24–27, 34, 35, 37, 38, 43, 44].

Discussion
Clinical guidelines have been developed to increase
awareness of best-known practices in CKD, including
characterization of disease severity and the assessment of
10 0%
90%

Without nephrology referral

80%

With nephrology referral

7 0%
60%
P = 0.008

50%
4 0%

P = 0.06

30%
20 %
1 0%
0%

Full
No
Sample Comorbidity

HTN

DM

CHF

HTN and
DM

HTN and
CHF

DM and
CHF

HTN, DM
and CHF

Fig. 3 Prescription of ACEi/ARBs, according to comorbidity profiles, in the study sample of patients with moderate (stage 3) CKD.
CKD Chronic kidney disease, CHF congestive heart failure, DM
diabetes mellitus, HTN hypertension

its complications. The public health implications of CKD
management are magnified by the rising prevalence of
kidney disease. In the current study, we assessed the consistency of contemporary CKD care delivery with current
standards recommended by K/DOQI. Using administrative
data, we documented particularly low testing rates for
parameters of bone and mineral metabolism, and also
observed prescription of ACEi/ARBs in \50% of our total
CKD study sample. Selected test performance and the use
of ACEi/ARBs were generally higher among patients
referred to nephrologists, but were still less than optimal. A
systematic literature review demonstrated similar practice
patterns nationally and internationally.
Frankly delayed referral of CKD patients to nephrologists—i.e., close to or at the time of dialysis—has been
associated with suboptimal outcomes including higher mortality [12, 14]. K/DOQI guidelines recommend nephrology
referral no later than when GFR decreases \30 ml/min
(stage 4 CKD). While the need for nephrology referral at
earlier stages of CKD is controversial [47], ideal care of CKD
patients requires full awareness of treatment targets regardless of the provider specialty. Consistent with previous
observations [16, 25], we found that only 8% of our study
sample were referred to the nephrologists within one year of
ascertaining GFR \ 60 ml/min.
Compared to patients without nephrology encounters, we
observed higher prevalence of testing for some parameters of
bone and mineral metabolism (phosphorus and iPTH) and
quantified urinary protein excretion among patients seen by
nephrologists. In contrast, the frequency of assessment for
dyslipidemia—a complication that has gained wide attention
through National Cholesterol Education Program and Adult
treatment Program III guidelines [48]—did not differ
according to referral status. Lack of awareness of K/DOQI
guidelines without parallels in other disease states may
explain less common attention to osteodystrophy and proteinuria. In a recent survey of a national sample of American
practitioners in late 2004–2005, \60% of participating
family physicians correctly classified CKD stage by
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602 USA

3014 USA

56 USA

272 USA

24778 USA

111 USA

5449 UK

6646 USA

Kausz et al. [6]

Winkelmayer et al. [7]

Israni et al. [16]

Lafayette et al. [8]

Kausz et al. [9]

Murray et al. [10]

de Lusignan et al. [21]

Stevens et al. [22]

1 year
maximum;
2002–2003

N/A

6 months;
2001–2002

2 years;
1998–2000

Single encounter;
2001–2002

1 year;
1996–1999

Unspecified;
1991–1996

4 years
maximum;
starting in
1994

Ascertainment
duration and
time period

CKD stage 1–5

CKD stage 3–5
(outcomes
reported only
for stage 3)

CKD stage 3–5

2 years before
dialysis

S-Cr. C 1.5
or 2.0 mg/dl

S–Cr. C1.7
mg/dl

CKD progressed
to ESRD

S–Cr. C 1.5 or
2.0 mg/dl

Kidney
function level

N/A

100% Primary Care

Electronic
clinical
records
Administrative
claims

100% Nephrology

50% Nephrology

51% Nephrology

100% Primary Care

N/A

100% Nephrology

Referral
status

Charts review

Administrative
claims

Charts review

Charts review

Administrative
claims

Electronic
records and
charts review

Data source

N/A, not available; S-Cr, serum creatinine; UK, United Kingdom; USA, United States of America

Number of CKD
subjects, country

Study

N/A

Lipids: 54% (type
not specified)

Total and
fractionated
cholesterol: 57
and 43%

Total Cholesterol:
70%

Calcium: *95%,
Phosphorus: 70%
iPTH: 9%
Calcium: 34%,
Phosphorus: 29%

Total or Fractionated
Cholesterol, or
Triglycerides:
58%

Total or Fractionated
Cholesterol: 71%

N/A

N/A

Total and
fractionated
Cholesterol: 47
and 5%,
Triglycerides:
33%

Lipid metabolism

Calcium: 82%,
Phosphorus: 50%
iPTH:12%

Calcium: 76%,
Phosphorus: 53%
iPTH: 5%

Calcium: 60%,
Phosphorus: 30%
(if CrCl B 50 ml/min)

iPTH: 3.4%

Calcium: 72%,
Phosphorus: 69%,
iPTH: 15%

Mineral metabolism

Prevalence of testing within ascertainment window

N/A

4.2%

70%

N/A

N/A

19% (32%
if DM)

N/A

N/A

Quantified
urinary
protein

Table 2 Published studies (2000–2006) reporting testing frequencies for parameters of bone and mineral metabolism, lipid metabolism and quantified proteinuria in patients with pre-dialysis
chronic kidney disease
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870 USA

602 USA

Hsu et al. [23]

Kausz et al. [6]

4 years maximum;
starting in 1994
1 month; 1999

Nissenson et al. 1658 USA
[25]

304 Canada

1936 USA

Tonelli et al.
[26, 31]

London et al.
[30, 32]

Single encounter;
1998–1999
2 years; Starting in
1999
1 year; 1996–1999
Single encounter;
2000–2002

Cleveland et al. 411 Canada
[27]

218 USA

Israni et al. [16] 56 USA

620 USA

272 USA

De Boer et al.
[28]

Perlman et al.
[33]

Lafayette et al.
[8]

1 year; 2000

Rosen et al. [36] 20745 USA

1681 Hong Kong At study baseline;
1995–2001

Single encounter;
in 1989–2002

McAlister et al. 625 Canada
[35]

So et al. [37]

At study baseline;
1995–1998

Ezekowitz et al. 2513 Canada
[34]

Single encounter;
2001–2002

4 years maximum;
starting in 1994

Khan et al. [29] 259 USA

1 year; 1997–1999

Single encounter;
1994–1997

Levin et al. [24] 313 Canada

4 years maximum;
starting in 1994

9 years maximum;
starting in 1990

Number of CKD Ascertainment
subjects, country duration and
time period

Study
Data source

Charts review

Electronic records
and charts review

Administrative claims

Charts review

Charts review

Albuminuria

Albuminuria

Electronic clinical
records

Administrative claims

CrCl \ 60 ml/
Electronic clinical
min (outcomes
records
reported only
for stage 3)
CrCl \ 90 ml/
Clinical encounter
min (outcomes
reported only
for CCr \ 60)

S-Cr. C 1.5 or
2.0 mg/dl

CKD stage 3 to 5 Clinical encounter

S-Cr. C 1.7
mg/dl

CKD stage 3 to 4 Electronic records
and charts review

S-Cr. C 1.6 or
1.2 mg/dl

S-Cr. C 1.5 or
2.0 mg/dl

1 year before
dialysis onset

Clinical encounter

CrCl \ 75 ml/
min

N/A

N/A

100% Cardiology

N/A

51% Nephrology

100% Nephrology

100% Primary Care

100% Nephrology

at referral to
Nephrologist

100% Nephrology

30% Nephrology

100% Nephrology

22% Nephrology

Administrative claims

S-Cr. [ 1.4 or
1.2 mg/dl

100% Nephrology
100% Nephrology

Electronic records
and charts review

N/A

Referral status

CrCl between
Clinical encounter
75-10 ml/min

S-Cr. C 1.5 or
2.0 mg/dl

CrCl between
Electronic clinical
60–21 ml/min
records

Kidney function
level

49%*

N/A

65%

N/A

60%

N/A

N/A

–

–

–

–

ACEi: 81%, ARBs:
4%

ACEi/ARBs: 60%

N/A

N/A

N/A

N/A

N/A

N/A

N/A

57%

N/A

47%

N/A

N/A

CKD with CVD

ACEi/ARBs: 75% N/A

ACEi/ARBs: 69% N/A

–

N/A

ACEi/ARBs: 58% N/A

ACEi: 53% ARBs: N/A
22%

ACEi/ARBs: 41% 40%

ACEi/ARBs: 50% N/A

ACEi/ARBs 44%

ACEi: 46%

ACEi: 38%

ACEi/ARBs: 65% 74%

ACEi: 34%*

ACEi: 50%

ACEi: 49%

ACEi: 34%

CKD study sample CKD with DM

ACEi/ARB prescription frequencies within
ascertainment window

Table 3 Details of published studies (2000–2006) reporting the prescribing frequencies for angiotensin converting enzyme inhibitors (ACEi) and/or angiotensin receptor blockers in patients
with pre-dialysis chronic kidney disease

Clin Exp Nephrol (2008) 12:41–52
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123

123

111 USA

619 USA

713 Italy

343 USA

445 Italy

304 Canada

1243 USA

130 UK

949 UK

281 USA

Murray et al. [10]

Bailie et al. [38]

De Nicola
et al. [39]

Leehey et al. [40]

Minutolo et al. [41]

Thanamayooran
et al. [42]

Winkelmayer
et al. [43]

Jayapaul et al. [44]

Jones et al. [45]

Parikh et al. [46]

Single encounter;
1998–2001

3 years; 1997–2003

10 years; 1991–2001

3 months; 2003

4 years maximum;
Starting in 1998

Single encounter;
2003

10 year maximum;
1993–2002

Single encounter;
2002–2003

Single encounter;
2000–2002

6 months;
2001–2002

Ascertainment
duration and
time period



Data refer to diabetic patients with proteinuria

* Annualized percentage

CrCl, creatinine clearance; CVD, cardiovascular disease

Number of CKD
subjects, country

Study

Table 3 continued

CKD stage 3

CKD stage 3 to 5

Albuminuria

Albuminuria

S-Cr. C 1.6 or
1.2 mg/dl

CKD stage 3 to 4

Clinical encounter

Electronic clinical
records

Electronic records
and charts review

Administrative claims

Charts review

Clinical encounter

Electronic clinical
records

Clinical encounter

CrCl \
70 ml/min
CKD stage 2 to 5

Clinical encounter

Charts review

Data source

CKD stage 2 to 5

CKD stage 3 to 5

Kidney function
level

N/A

100% Nephrology

27% Nephrology
48% Diabetology

N/A

100% Nephrology

42% Nephrology

N/A

100% Nephrology

100% Nephrology

100% Nephrology

Referral status

ACEi: 37%

ACEi/ARBs: 52%

–

–

ACEi/ARBs: 64%

ACEi/ARBs: 81%

–

ACEi/ARBs: 70%

ACEi: 44%
ARBs: 13%

ACEi/ARBs: 62%

CKD study
sample

N/A

ACEi: 64%

–

–

N/A

N/A

ACEi/ARBs: 47%

N/A

N/A

N/A

N/A

N/A

ACEi/ARBs: 71%
N/A

N/A

N/A

N/A

CKD with
CVD

N/A

ACEi: 58%
ARBs: 23%

N/A

CKD with
DM

ACEi/ARB prescription frequencies
within ascertainment window
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estimated GFR; 87% failed to recommend testing for iPTH
in a hypothetical patient with stage 3–4 CKD and 59% did
not recommend phosphorus measurement [49]. Further,
approximately 66% of primary care physicians in this survey
were unaware of clinical practice guidelines for CKD, and
45% did not believe that medical care slows CKD progression. Of note, the frequency of urinary protein quantification
increased significantly over time among patients without
nephrology referral in our administrative sample, suggesting
the possibility of some guideline dissemination to non-specialists even during the short timeframe of the study.
In our study sample and the reviewed literature, calcium
was the most frequently ordered parameter of bone and
mineral metabolism. The utility of calcium levels in evaluating clinical conditions other than osteodystrophy may
explain its more routine measurement. In addition, calcium
is included in the most commonly ordered metabolic panels
(‘‘basic metabolic’’ and ‘‘comprehensive metabolic’’ panels) in the United States, whereas phosphorus in packaged
only in the ‘‘renal’’ panel (which also includes calcium)
and measurement of iPTH requires separate requisition.
Thus, more prevalent calcium assessments may also reflect
the packaging of this test within routine panels.
Medications that block the rennin–angiotensin–aldosterone cascade may slow CKD progression, and appear
particularly important in proteinuric kidney diseases such
as diabetic nephropathy. ACEi/ARBs also reduce cardiovascular morbidity and are a cornerstone of contemporary
heart failure therapy. We observed significant, 70% relative
increased prevalence of overall ACEi/ARBs use among
CKD patients with versus without nephrology referral. This
difference appeared in part mediated by the higher burden
of relevant comorbidities among referred patients. Within
comorbidity-stratified sub-samples, we observed non-significant trends towards only slightly higher prescribing of
ACEi/ARBs among patients referred to nephrologists;
there was also a nearly significant (P = 0.06) trend towards
more frequent use of ACEi/ARBs in CKD patients without
other identified comorbidities seen by nephrologists. Given
the small numbers of nephrology-referred patients within
the stratified sub-samples, we did not have adequate statistical power to determine if these modest differences
reflected true differences in practice patterns. Nonetheless,
the fact that stratification by comorbidity attenuated much
of the observed difference in overall ACEi/ARB use
according to referral status among CKD patients suggests
that some prescribing is directed more to the management
of other conditions rather than to the awareness of CKD per
se. In support of this hypothesis, while 80% of participants
in a recent survey of American primary care physicians
expressed reliance on guidelines issued for diabetes and
hypertension (ADA and JNC VI), only 20% expressed
reliance on K/DOQI [50].
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Our observation of use of ACEi/ARBs in 50% of CKD
patients seen by kidney disease specialists is similar to
many published reports [6, 8, 10, 16, 24, 27–29, 38, 45].
Although we did not detect a temporal pattern of increasing
use of ACEi/ARBs within the relatively short timeframe of
the administrative analysis, our literature review suggested
a linear trend of increasing reported use of these medications among CKD patients over a broader observation
period spanning 1990–2003 [31, 33, 39, 42]. Concern for
side effects may explain lack of administration to some
CKD patients. The only absolute contraindication for ACE/
ARB prescription is angioedema, which has been estimated
to occur in\1% of treated patients [51]. Observational data
suggest that metabolic complications of hyperkalemia and
renal functional deterioration affect approximately 12–19%
of CKD patients receiving ACEi/ARB, although these
estimates derive from patients with stage 4–5 disease, who
are more vulnerable than stage 3 patients to metabolic
imbalances [8, 16, 31, 37]. Further, hyperkalemia and
unacceptable deterioration in GFR are generally reversible
with medication cessation. Overall, expected complication
rates are not high enough to account for apparent underprescribing in patients who may benefit from ACEi/ARBs.
Administrative claims are emerging as a useful data
source for characterization of the care patterns and outcomes of patients with chronic illness [52–54]. Although
billing claims may have suboptimal sensitivity for identification of diagnoses due to under-coding [22], claims have
been shown to be highly sensitive and specific for delivered
services such as tests and pharmacy prescriptions, effectually serving as receipts for service [55]. Ascertainment of
calcium testing in a high fraction of the study sample
(including nearly all patients seen by nephrologists) supports good capture of claims for the study participants and
implicates provider decision-making as the reason for
lower rates of other outcomes of interest.
Our study is limited by the use of a single serum creatinine level for CKD classification. We attempted to
minimize risk of misclassifying patients with acute renal
injury as having CKD by sampling based only on ambulatory rather than inpatient creatinine levels, as done by
others [53]. Another source of possible misclassification is
the lack of information on participant race. As the aMDRD
equation includes a scaling factor of 1.21 for black race,
GFR was underestimated for African-American participants by approximately 21%. However, as African–
Americans account for only 11% of the population of the
sampled states and the United States Census Bureau reports
that 50% or fewer of black Americans are privately insured
[56], potential misclassification of CKD based on race
likely affected only a small number of participants. Use of
data describing healthcare beneficiaries in a particular
geographic region may limit the generalizability of our
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findings. For this reason we framed our results in the
context of a literature review and found similar reported
practice patterns in the United States and other countries.
This investigation of focus areas of CKD care delivery,
as captured by administrative data and a systematic literature review, describes contemporary clinical practice in
relation to a benchmark of practice guidelines. We observed
a particularly high prevalence of recommended dyslipidemia assessment, a measure that overlaps practice guidelines
for more general populations. In contrast, although nephrologists appear more attentive to CKD-specific
recommendations such as measurement of proteinuria and
parameters of mineral metabolism, there is opportunity for
improvement even in care delivered by kidney specialists.
Further attention should be given to strategies to increase
optimal care in CKD regardless of provider specialty.
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Appendix 2
Table 5
Table 5 List of medical subject heading (MeSH) terms used to
perform a systematic review of the literature published from 2000 to
2006 about the delivery of care relating to proteinuria quantification,
bone and lipid metabolism assessment and ACEi/ARBs prescription
in CKD
MeSH terms
CKD and pre ‘‘Kidney failure, chronic’’, ‘‘Kidney diseases’’,
dialysis
‘‘Nephrology’’, ‘‘Primary health care’’, ‘‘Family
care
practice’’, ‘‘Ambulatory care’’
Care delivery ‘‘Outcome and process assessment (Health Care)’’,
assessment
‘‘Guideline adherence’’, ‘‘Practice guidelines’’,
‘‘Diagnostic tests, routine’’
Bone and
‘‘Metabolic diseases’’, ‘‘Bone diseases’’,
mineral
‘‘Hyperparathyroidism, secondary’’, ‘‘Parathyroid
metabolism
hormone’’, ‘‘Phosphorus’’, ‘‘Calcium’’
Proteinuria

ACEi/ARBs
use

Appendix 1
Table 4
Table 4 Common procedural terminology (CPT) codes used to
identify recommended testing of parameters of bone and mineral
metabolism, serum lipids and quantified urinary protein according to
K/DOQI guidelines
Clinical measure K/DOQI
guideline
for testing
frequency

Test/panel

Serum iPTH

Annually

Intact PTH

83970

Serum
phosphorus

Annually

Phosphate
Renal Panel

84100
80069

Serum calcium

Annually

CPT
code

Calcium

82310

Basic metabolic panel

80048

Comprehensive
metabolic panel

80053

Renal panel

80069

Lipid panel

80061

Serum lipids

Annually

Quantified
proteinuria

At Diagnosis
Albumin, urine,
82042
Scored as
quantitative
adherent if
Albumin, urine,
82043
recorded
microalbumin, quant.
within 1 year
Albumin, urine,
82044
of index
microalbumin,
semi-quant.
Assay of protein, urine
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84156

‘‘Proteinuria’’, ‘‘Diabetes complications’’

Lipid
‘‘Dyslipidemias’’, ‘‘Hyperlipidemias’’,
metabolism
‘‘Hypercholesterolemia’’, ‘‘Lipids’’,
‘‘Cholesterol’’, ‘‘Cholesterol, HDL’’,
‘‘Cholesterol, LDL’’, ‘‘Triglycerides’’
‘‘Hypertension/complications/diagnosis/
epidemiology/prevention & control’’,
‘‘Cardiovascular diseases/complications/
diagnosis/epidemiology/etiology/prevention
& control’’, ‘‘Cardiovascular agents/therapeutic
use’’, ‘‘Angiotensin-converting enzyme inhibitors/
therapeutic use’’, ‘‘Angiotensin II Type 1 Receptor
Blockers’’, ‘‘Drug utilization/statistics and
numerical data/classification/trends’’, ‘‘Blood
pressure/drug effects’’, ‘‘Hypertension/therapy/
drug therapy’’
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