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Documentation and Management of CKD
in Rural Primary Care

Maya K. Rao,* Cynthia D. Morris,† Jean P. O’Malley,‡ Melinda M. Davis,§| Motomi Mori,‡ and Sharon Anderson*¶

Summary
Background and objectives Recognition of CKD by primary care practitioners is essential in rural communities
where nephrology access is limited. This study determined the prevalence of undocumented CKD in patients
cared for in rural primary care practices and evaluated characteristics associated with undocumented CKD as
well as CKD management.

Design, setting, participants, & measurements A retrospective cohort study, conducted within the Oregon Rural
Practice Based Research Network, consisted of 865 CKD patients with serum creatinine$1.5 mg/dl in males
and $1.3 mg/dl in females and an estimated GFR,60 ml/min per 1.73 m2. Documentation of a CKD
diagnosis and laboratory values were abstracted by chart review.

ResultsOfCKDpatients, 51.9%had nodocumentation ofCKD.UndocumentedCKDoccurredmore frequently in
female patients (adjusted odds ratio=2.93, 95% confidence interval=2.04, 4.21). The association of serum
creatinine reporting versus automating reporting of estimated GFR on CKD documentation was dependent on
patient sex, years of practitioner experience, and practitioner clinical training. Hypertensive patients with
documented CKD were more likely to have a BP medication change than patients with undocumented CKD
(odds ratio=2.07, 95% confidence interval=1.15, 3.73). Only 2 of 449 patients with undocumented CKD were
comanaged with a nephrologist compared with 20% of patients with documented CKD (odds ratio=53.20, 95%
confidence interval=14.90, 189.90).

Conclusions Undocumented CKD in a rural primary care setting is frequent, particularly in female patients.
Depending on practitioner characteristics, automatic reporting of estimated GFRmight improve documentation
of CKD in this population.

Clin J Am Soc Nephrol 8: 739–748, 2013. doi: 10.2215/CJN.02410312

Introduction
Approximately 26 million people in the United States
are estimated to have CKD (1). Often, these patients
are managed by primary care practitioners (PCPs)
and referred to a nephrologist with advanced CKD
(2–4). Early recognition by PCPs is essential to imple-
ment treatments to slow CKD progression. Although
previous studies have shown poor recognition of
CKD, limitations include data collection in single cen-
ters and use of International Classification of Disease
(ICD) codes to evaluate documentation, which may
underestimate practitioner recognition (5–8).

The use of serum creatinine (SCr) as a marker of
disease may contribute to poor recognition. The use of
automatic reporting of estimated GFR (eGFR) is
controversial (9,10), and results evaluating its imple-
mentation on improving CKD recognition have been
variable (5,7,11).

Compared with their urban counterparts, rural
residents have lower incomes and educational attain-
ment, and they travel farther distances to seek medical
care (12); these disparities could result in suboptimal
CKD care. In 2004, 19% of the US population was

estimated to live in a rural area (13). Studies show
reduced access to kidney transplantation, home dial-
ysis training, and renal replacement therapy in less-
populated areas of the United States (14,15).
Although limited nephrology care has been shown
in Canadian remote dwellers with CKD (16), little re-
search evaluating predialysis care in US rural com-
munities has been performed.
The objectives of this study were to determine the

prevalence of undocumented CKD in rural primary
care practices and investigate whether laboratory
reporting of eGFR reduces this prevalence. We also
investigated the patient and practitioner character-
istics that were associated with undocumented CKD
and whether undocumented CKD was associated
with less adherence to guideline-based care.

Materials and Methods
Study Design and Population
A retrospective cohort study was performed by

medical record reviewwithin the Oregon Rural Practice
Based Research Network; 15 of 46 independent rural
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practices were chosen based on geographic diversity. Sup-
plemental Tables 1 and 2 summarize additional informa-
tion about the clinics and practitioners audited.
Interpath generated a list of patients 18 years or older

whose PCP was a clinician chosen for the study and who
had an SCr measurement between January 1 and December
31, 2006 of $1.5 mg/dl (males) or $1.3 mg/dl (females).
These medical records were audited for possible inclusion.
For patients with only one SCr measurement over the 12-
month follow-up period, if the SCr value met the above
criteria, they were included. In patients with multiple SCr
measurements over the follow-up period, as long as two
values of SCr met the above criteria by March 1, 2007, the
subject was included. Patients with ESRD as defined by
receiving dialysis or a history of kidney transplantation
were excluded. Medical records of active patients were
reviewed until we obtained a maximum of 25 patients
per clinician meeting the study inclusion criteria. Although
charts were reviewed using these inclusion criteria, to limit
the analysis to those patients with more advanced CKD,
the final analysis set included only data from patients with
an initial eGFR,60 ml/min per 1.73 m2 by the Modifica-
tion of Diet in Renal Disease (MDRD) Equation (17).
This study was approved by the Oregon Health and

Science University Institutional Review Board and per-
formed in adherence to the principles of the Declaration of
Helsinki.

Variables
For all subjects included, the primary outcome measured

was whether a CKD diagnosis was documented in the
medical record including the terms “renal insufficiency,”
“renal failure,” or “chronic kidney disease” or an ICD-9
code indicating kidney disease. Study variables included
age, sex, race, ethnicity, zip code, comorbidities, antihyper-
tensive medication use, nephrology referral, up to five ini-
tial and follow-up BP measurements and SCr values, and
CKD laboratory values (urinalysis, proteinuria measure-
ment, calcium, phosphorus, parathyroid hormone, hemo-
globin, and iron studies). Zip code was used to categorize a
patient’s home address into rural–urban commuting area
codes (version 2.0) (18). For all variables, medical records
were reviewed for the 12 months after the first SCr mea-
surement that met the inclusion criteria. No data were
abstracted before this point.
For each SCr value, if automatic reporting of eGFR was

available, the corresponding value was abstracted. For SCr
measurements without eGFR reporting, the eGFR was
calculated using the four-variable MDRD Equation (17).
Patients were categorized by stage of CKD using the initial
eGFR. Stage 3 CKD was further categorized into stages
3A and 3B (19). The eight patients with an initial eGFR,15
ml/min per 1.73 m2 were included in stage 4 CKD.

Statistical Analyses
All analyses were performed using SAS 9.3. Associations

with CKD documentation were analyzed using logistic
regression models. To account for within-clinic correlation, a
generalized estimating equation approach was used for
parameter estimation (20). Specifically, we assumed a con-
stant correlation among patients within the same clinic. The
estimated correlation was 0.14 in the model that did not

include practitioner characteristics and 0.11 in the model
that included practitioner training and years of experience.
The initial model was built using variables related to

patient characteristics and laboratory report format. Be-
cause of the strong association of sex with undocumented
CKD, variables were tested for inclusion using three dif-
ferent analysis sets: all subjects, male subjects only, and
female subjects only (stratified analysis). Variables were
added to the initial model if they were significantly
associated with undocumented CKD in either of the
stratified analyses, and variables with differing strengths
of association in the stratified analysis were further tested
for an interaction effect in the all-subjects analysis. Because
the initial model indicated an association of laboratory
report format with undocumented CKD, practitioner char-
acteristics were evaluated with adjustment for the variables
identified by the initial model, and laboratory report
format was used as a stratification variable in the initial
evaluation before modeling interaction terms. Odds ratios
and P values for variables involved in interactions were
computed using generalized linear model parameterization
of categorical variables and estimate statements that
included main effects and all interaction terms in which
the variable was included.
The analysis of the association of undocumented CKD

with compliance to practice guidelines was limited to
patients not comanaged with a nephrologist. Logistic
regression analyses using generalized estimating equation
parameter estimation were performed with the binary
outcome of practice guideline compliance. The analyses
were adjusted for patient sex, age, minimum recorded
eGFR, presence of diabetes or hypertension, practitioner’s
years of experience, practitioner degree, and format of
eGFR reporting accounting for within-clinician correlation.
Although P values were not adjusted for multiple com-

parisons, the false discovery rate (FDR) for all comparisons
was determined and estimated at 7% (21).
To address the question of whether not limiting the

inclusion criteria to two measurements of eGFR,60 ml/min
per 1.73 m2 $90 days apart affected the results, we
performed a sensitivity analysis on the final model using
the 594 subjects who met that criterion.

Results
Cohort Characteristics
Of 1483 charts audited, data from 865 charts were

analyzed (Figure 1).
Table 1 outlines the demographics of the patient cohort.

The average age was 75 years. Less than 1% of individuals
were African American, and less than 2% of individuals
were Hispanic, although 53.9% of the cohort had no doc-
umentation of ethnicity.
The mean eGFR at inclusion was 37.468.3 ml/min per

1.73 m2. The mean eGFR in women was 35.167.8 ml/min
per 1.73 m2, and the mean eGFR in men was 40.768.0 ml/min
per 1.73 m2.

CKD Documentation and Characteristics Associated
with Undocumented CKD
Data from 865 patients with an initial eGFR,60 ml/min

per 1.73 m2 were analyzed. Figure 2 shows the proportion
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of these patients who met the Kidney Disease Outcomes
Quality Initiative (KDOQI) definition of CKD (22) and a
breakdown by value and number of eGFR measurements
during the inclusion period of those patients who did not
meet this definition.
Overall, 51.9% of all patients analyzed had no CKD

diagnosis documented in their charts. Of the patients who
strictly met the KDOQI definition of CKD (22), 49.5% had
no CKD diagnosis documented; 47.1% of patients with di-
abetes and 50.1% of patients with hypertension did not
have a recorded diagnosis of CKD.
Table 2 outlines the prevalence of undocumented CKD

by patient, provider, and laboratory report characteristics.
The only patient characteristics associated with undocu-
mented CKD in the unadjusted analysis were sex and
eGFR at inclusion. However, age, hypertension, diabetes
mellitus, and type of laboratory report were significantly

associated with documentation of CKD in the unadjusted
analyses stratified by sex. Table 3 outlines a summary of
this initial model.
As outlined in Table 3, females were more likely than

males to have undocumented CKD, and the sex difference
was more pronounced in patients whose laboratory re-
ports reported only SCr values (odds ratio [OR]=3.81,
95% confidence interval [95% CI]=2.43, 5.96 and
OR=2.14, 95% CI=1.37, 3.33 for SCr only and eGFR report-
ing, respectively; P=0.04 for differences in OR). This rela-
tion was confirmed in the sensitivity analysis. The
probability of undocumented CKD decreased with ad-
vancing CKD stage at inclusion. The probability of undoc-
umented CKD was 0.72 in patients with stage 3A (95%
CI=0.62, 0.81), 0.55 in patients with stage 3B (95%
CI=0.48, 0.61), and 0.22 in patients with stage 4 or higher
CKD (95% CI=0.14, 0.33).

Figure 1. | Flow diagram of exclusions and inclusions.
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As outlined in Table 4, there was a complex interaction
between the laboratory format of kidney function report-
ing and several variables. Specifically, the association of
report format on undocumented CKD was dependent on

patient sex, years of practitioner experience (,20 versus
$20 years), and clinical training (nurse practitioner/physician
assistant versus doctor of medicine/doctor of oste-
opathic medicine). In laboratory reports with only SCr
reporting, undocumented CKD was significantly associ-
ated with clinician training (OR=2.40, 95% CI=1.08, 7.94
for nurse practitioner/physician assistant versus doctor of
medicine/doctor of osteopathic medicine) but not years of
practitioner experience. With automatic reporting of eGFR,
undocumented CKD was significantly associated with
years of practice (OR=0.39, 95% CI=0.19, 0.78 for ,20 ver-
sus $20 years) but not the type of degree. Females were
more likely than males to have undocumented CKD both
with SCr reporting (OR=3.74, 95% CI=2.37, 5.92) and auto-
matic reporting of eGFR (OR=2.27, 95% CI=1.45, 3.56). The
complexity of the interactions makes the estimation of
the overall association of laboratory report format with
undocumented CKD dependent on the distribution of prac-
titioner characteristics in the sample. In this cohort, with
88% of the patients treated by physicians, the association of
report format with undocumented CKD is not significant
(OR=1.06, 95% CI=0.72, 1.57). In a sample in which equal
numbers of patients were treated by physicians and non-
physician practitioners, the average association of report
format with undocumented CKD would be significant (pre-
dicted OR=1.81, 95% CI=1.16, 2.82). After adjustment for
patient and practitioner characteristics, the probability of
undiagnosed CKD was 0.73 for stage 3A (95% CI=0.62,
0.81), 0.55 for stage 3B (95% CI=0.48, 0.61), and 0.21 for
stage 4 or higher CKD (95% CI=0.14, 0.32).

Relationship between CKD Reporting and Care
Figure 3 shows the association of a recorded diagnosis of

CKD and compliance with KDOQI guideline-recommended
care. Having documented CKD was associated with a

Table 1. Demographics of CKD patient cohort

Characteristics Females
(n=510; 59%)

Males
(n=355; 41%)

Total
(n=865)

Mean age (yr 6 SD) 76.0 6 12.3 73.8 6 12.7 75.1 6 12.5
Age range (yr) 20–101 21–107 20–107
Estimated GFR at inclusion (ml/min per 1.73 m2)
45–59 15 (2.9%) 126 (35.5%) 141 (16.3%)
30–44 380 (74.5%) 193 (54.4%) 573 (66.2%)
15–29 107 (21.0%) 34 (9.6%) 141 (16.3%)
,15 8 (1.6%) 2 (0.6%) 10 (1.2%)

Laboratory report format
Serum creatinine 237 (46.5%) 200 (56.3%) 437 (50.5%)
Automatic estimated GFR 273 (53.5%) 155 (43.7%) 428 (49.5%)

Comorbid conditions
Diabetes mellitus 195 (38.2%) 183 (51.6%) 378 (43.7%)
Hypertension 444 (87.1%) 283 (79.7%) 727 (84.0%)
Coronary artery disease 111 (21.8%) 118 (33.2) 229 (26.5%)
Congestive heart failure 115 (22.6%) 95 (26.8%) 210 (24.3%)

Rural–urban commuting area category
Urban focused (population of 50,000 or more) 55 (15.5%) 151 (29.7%) 206 (23.9%)
Large rural town (population of 10,000–49,999) 104 (29.4%) 113 (22.2%) 217 (25.1%)
Small rural town (population of 2,500–9,999) 155 (43.8%) 178 (35.0%) 333 (38.6%)
Isolated rural town (population of under 2,500) 40 (11.3%) 67 (13.2%) 107 (12.4%)
Missing 1 (0.002%) 1 (0.003%) 2 (0.002%)

Figure 2. | Proportion of included subjects by number and value of
estimated GFR measurement during inclusion period.
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change in BP medication for a systolic BP.150 mmHg
(OR=2.07, 95% CI=1.15, 3.73). Angiotensin-converting en-
zyme inhibitor or angiotensin receptor blocker use in dia-
betic patients was 74.5% in those patients with documented
CKD and 77.0% in those patients with undocumented CKD
(OR=0.92, 95% CI=0.57, 1.50). Overall, proteinuria assess-
ment was found in 60.7% of the cohort, with 44% of those
patients having a quantitative assessment; 9.8% of patients
with stage 3 and 25.2% of patients with stage 4 CKD were
referred to a nephrologist, and 33% of patients with pro-
teinuria on a quantitative measurement were referred to a
nephrologist. Compared with those patients with undocu-
mented CKD, patients with documented CKD were more
likely to be referred in stage 3 (OR=65.70, 95% CI=11.70,
370) and stage 4 CKD (OR=3.76, 95% CI=1.94, 5.59).

Discussion
Of CKD patients, 51.9% had no recorded diagnosis of CKD.

Females were more likely than males to have undocumented
CKD, regardless of the format of laboratory reporting.
Studies evaluating CKD documentation by PCPs have

shown variable results. In an Australian study, PCPs cor-
rectly identified 28% of stage 3 and 67% of stage 4 or 5 CKD
patients (23). Evaluating documentation using ICD codes, a
study conducted in an outpatient Veterans Affairs setting

found CKD documentation in 14.6% of subjects (7), and an
Italian study found documentation in 15.2% of subjects (6).
Our study, which was not limited by poor sensitivity of
coding, likely more closely parallels the true lack of recog-
nition by the clinician.
The association of automatic reporting of eGFR on CKD

documentation depended on patient sex, practitioner
training, and years of practice. In the Veterans Affairs
study (7), documentation by ICD code increased from
14.6% to 21.5% after implementation of automatic report-
ing of eGFR. In another study, implementation of auto-
matic reporting of eGFR with an educational intervention
increased CKD documentation from 22.4% to 88.1% (5).
A systematic review of the impact of eGFR reporting
showed an increase in nephrology referral after implemen-
tation in 13 of 16 studies, particularly in populations at risk
for under-recognized disease, including women and the
elderly (11). However, in our study, 22.2% of males and
30.4% of females with stage 4 CKD or higher (a point at
which the SCr would clearly be abnormal) had undocumented
CKD, suggesting an issue beyond translation of SCr to
eGFR.
Compared with males, females were at particularly high

risk for having undocumented CKD, possibly because of a
lower SCr level for a given eGFR. In a prior study (5), males
were more likely than females to have documented CKD;

Table 2. Prevalence of undocumented CKD by patient, practitioner, and laboratory report characteristics

Predictor

Subjects with Undocumented CKD N (%)

Overall

By Sex By Type of Laboratory Report

Males Females SCr-Only
Reporting

Automatic
Reporting eGFR

All subjects 449 (51.9) 237 (54.2) 212 (49.5)
Males 159 (44.8) 86 (43.0) 73 (47.1)
Females 290 (56.9) 151 (65.7) 139 (50.9)

eGFR at inclusion
(ml/min per 1.73 m2)

40–59 88 (62.4) 74 (58.8) 14 (93.3) 43 (60.6) 45 (64.3)
30–44 318 (55.5) 77 (38.9) 241 (63.4) 172 (59.7) 146 (51.2)
,30 43 (25.5) 8 (22.2) 35 (30.4) 22 (28.2) 21 (28.7)

Subject age (yr)
,60 51 (50.5) 25 (49.0) 26 (52.0) 30 (53.6) 21 (46.7)
60–75 108 (44.4) 38 (37.2) 70 (49.7) 53 (46.5) 55 (42.6)
75–85 180 (56.3) 65 (49.6) 115 (60.9) 91 (55.2) 89 (57.4)
.85 110 (54.7) 31 (43.7) 79 (60.8) 63 (61.8) 47 (47.5)

Comorbid conditions
No diabetes mellitus 271 (55.7) 83 (48.3) 188 (59.7) 155 (60.3) 116 (50.4)
Diabetes mellitus 178 (47.1) 76 (41.5) 102 (52.3) 82 (45.6) 96 (48.5)
No hypertension 85 (61.6) 36 (50.0) 49 (74.2) 45 (72.6) 40 (52.6)
Hypertension 364 (50.1) 123 (43.5) 241 (54.3) 192 (562) 172 (48.9)

Practitioner training
Nurse practitioner or
physician assistant

59 (57.8) 16 (53.3) 43 (59.7) 38 (71.7) 21 (42.9)

Doctor of medicine or
osteopathic medicine

390 (51.1) 143 (44.0) 247 (56.4) 199 (51.8) 191 (50.4)

Practitioner experience (yr)
,20 212 (47.2) 68 (37.8) 144 (53.5) 161 (53.3) 51 (34.7)
$20 237 (57.0) 91 (52.0) 146 (60.6) 76 (56.3) 161 (57.3)

SCr, serum creatinine; eGFR, estimated GFR.
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this difference was eliminated with the implementation of
automatic reporting of eGFR and an educational interven-
tion. A cohort study looking at patterns of nephrology re-
ferral before and after implementation of automatic eGFR
reporting found an increase in the monthly adjusted rate
of first nephrology outpatient visits only in females (24).
In a systematic review of eGFR reporting, eight of nine
studies showed that eGFR reporting led to an increase in
the number of female patients referred (11). These studies
suggest that automatic reporting of eGFR is important for
practitioners recognizing CKD in females. However, in our
study, even in subjects with automatic reporting of eGFR,
females were more likely than males to have undocu-
mented CKD.
Our data suggest that automatic reporting of eGFRmight

increase CKD documentation by nonphysician practition-
ers. A study of US rural community health centers reported
46% of direct clinical care being provided by nonphysician
practitioners (25). Automatic reporting of eGFR could
have a greater impact in a rural environment, where non-
physician practitioners often function as PCPs.
It is difficult to ascertain whether undocumented CKD is

the equivalent of unrecognized CKD and whether this
finding translates into suboptimal CKD care. Anemia
workup and angiotensin-converting enzyme inhibitor
and angiotensin receptor blocker in diabetic subjects
were used in a similarly high proportion in both groups.
This finding is in contrast to other observations of lesser use
of renin-angiotensin system inhibitors and lower rates of
urine protein quantification in subjects with undocumented
versus documented CKD (8). Proteinuria assessment, an
important marker for CKD progression, was low in both
groups. This finding suggests that a lack of knowledge of
CKD management as opposed to a lack of recognition of
CKD alone may be more influential in this underuse.

Importantly, there was a difference in rates of BP medica-
tion changes for those patients with uncontrolled hyperten-
sion in documented versus undocumented CKD patients.
Given that BP control is one of the proven modifiable risk
factors for progression of CKD (26–28), this difference
could translate into worse outcomes in this group.
Nephrology referral rates were low, and those patients

with undocumented CKD were less likely to be referred.
Although the appropriate timing of nephrology referral is
unclear (29), late referral has been associated with a vast
array of poor outcomes (3,30–33). Furthermore, early ne-
phrology referral has been shown to slow the progression
of CKD (34,35). Our finding that only 25.2% of patients
with stage 4 CKD were referred is concerning. The low
rate of nephrology referral may reflect inaccessibility to
subspecialty care in a rural environment. Poor patient ac-
cess to nephrology care because of longer distances has
been shown to be associated with a lower likelihood of
obtaining early nephrology care (36).
The present study has several limitations. Although the

majority of the cohort met the KDOQI definition of CKD,
some patients with AKI or less advanced CKD may have
been included. However, a sensitivity analysis performed
on the subjects meeting the KDOQI definition of stage 3
CKD or higher supported the results in the overall cohort.
The SCr values were not standardized, and therefore, use of
the MDRD formula could have led to spuriously lower
eGFR rates, particularly in stage 3A. However, it is unlikely
that PCPs are using formulas to standardize SCr, and
therefore, although it might have led to misclassification, it
is unlikely to explain the lack of CKD documentation that
we have reported. Because data collection was limited to
the subsequent 12 months from the inclusion SCr value, we
missed data that were documented previously in the chart.
Furthermore, given our method of medical record review,

Figure 3. | Odds of compliance with treatment guidelines in documented versus undocumented CKD.

746 Clinical Journal of the American Society of Nephrology



particularly in practices with paper charts, it is possible that
some records were missing. However, by using medical
record review, we believe that we increased the likelihood
of finding CKD documentation and were able to collect
data in a variety of community-based primary care prac-
tices, reflecting the setting in which many CKD patients are
managed. The 12-month follow-up period was too short to
evaluate outcomes such as rate of decline of eGFR,
cardiovascular events, or mortality. Finally, multiple com-
parisons may have resulted in some false positive findings.
However, analysis of the probable FDR indicated that the
number of comparisons made in the study inflates the
expected FDR from the standard 5% to 7%.
In conclusion, this study found that a high proportion of

CKD patients, most of whom were being cared for exclu-
sively in primary care, had no documentation of CKD in the
medical record. This lack of documentation was particularly
prominent in female patients. The effect of automatic
reporting of eGFR on CKD documentation is dependent
on patient sex, practitioner training, and years of experience.
Recognition of disparities, particularly sex, and development
of interventions to increase recognition and improve CKD
care in primary care present important challenges.
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