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Chronic Kidney Disease Identification
in a High-Risk Urban Population: Does Automated
eGFR Reporting Make a Difference?

Laura C. Plantinga, Delphine S. Tuot, Vanessa Grubbs,
Chi-yuan Hsu, and Neil R. Powe

ABSTRACT Whether automated estimated glomerular filtration rate (eGFR) reporting
for patients is associated with improved provider recognition of chronic kidney
disease (CKD), as measured by diagnostic coding of CKD in those with laboratory
evidence of the disease, has not been explored in a poor, ethnically diverse, high-
risk urban patient population. A retrospective cohort of 237 adult patients
(≥20 years) with incident CKD (≥1 eGFR ≥60 ml/min/1.73 m2, followed by ≥2
eGFRs G60 ml/min/1.73 m2 ≥3 months apart)—pre- or postautomated eGFR
reporting—was identified within the San Francisco Department of Public Health
Community Health Network (January 2005–July 2009). Patients were considered
coded if any ICD-9-CM diagnostic codes for CKD (585.x), other kidney disease
(580.x–581.x, 586.x), or diabetes (250.4) or hypertension (403.x, 404.x) CKD were
present in the medical record within 6 months of incident CKD. Multivariable logistic
regression was used to obtain adjusted odds ratios (ORs) for CKD coding. We found
that, pre-eGFR reporting, 42.5 % of incident CKD patients were coded for CKD.
Female gender, increased age, and non-Black race were associated with lower serum
creatinine and lower prevalence of coding but comparable eGFR. Prevalence of
coding was not statistically significantly higher overall (49.6 %, P=0.27) or in
subgroups after the institution of automated eGFR reporting. However, gaps in
coding by age and gender were narrowed post-eGFR, even after adjustment for
sociodemographic and clinical characteristics: 47.9 % of those G65 and 30.3 % of
those ≥65 were coded pre-eGFR, compared to 49.0 % and 52.0 % post-eGFR (OR=
0.43 and 1.16); similarly, 53.2 % of males and 25.4 % of females were coded pre-
eGFR compared to 52.8 % and 44.0 % post-eGFR (OR 0.28 vs. 0.64). Blacks were
more likely to be coded in the post-eGFR period: OR=1.08 and 1.43 (Pinteraction9
0.05). Automated eGFR reporting may help improve CKD recognition, but it is not
sufficient to resolve underidentification of CKD by safety net providers.
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rate, African American
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INTRODUCTION

Chronic kidney disease (CKD) is highly prevalent (up to 13 % of US adults),1 and
the costs of care for related to prevalent CKD patients represented 14 % of the 2008
Medicare budget.2 While CKD is associated with excessive mortality and morbidity,
provider awareness of CKD remains less than optimal.3–5 It is generally agreed that
CKD recognition is necessary for optimization of CKD care, but identification of
CKD may not be a priority in poor urban populations due to several factors,
including the often silent nature of the disease in early stages; lack of resources to
care for CKD, which often follows a protracted course; and the plethora of patient
comorbid conditions that require immediate care by providers of these populations.
However, it is well-established that financially disadvantaged populations are at
higher risk of CKD development, progression, and mortality,6–10 independent of the
risks conferred by demographic and clinical factors that are common in this
population. Thus, patients who receive health care in an urban safety-net system
may especially benefit from increased systemwide CKD interventions to increase
identification.

Implementation of automated estimated glomerular filtration rate (eGFR)
reporting side-by-side with serum creatinine values at clinical laboratories may
improve CKD recognition in the urban poor overall and, particularly, among
patients whose creatinine values are generally lower and less likely to be
perceived as abnormal, i.e., older, female, or non-Black patients. Such
standardization could help to decrease gaps in CKD identification and provide
opportunities for earlier and better management in previously underrecognized
populations with CKD.

Whether provider recognition of CKD improves after institution of automat-
ed laboratory reporting with serum creatinine measurement, and, particularly,
whether changes over time differ by age, gender, and race/ethnicity in an
underserved, high-risk urban population, remains unexplored. We sought to
determine whether diagnostic coding for CKD differed overall and by socio-
demographic characteristics, before and after the institution of automatic eGFR
reporting, in incident CKD patients treated within the safety-net population of
the San Francisco Department of Public Health Community Health Network.

METHODS

Study Design and Population
We assembled two cohorts, before (n=183) and after (n=188) the institution of
automated eGFR reporting, among 371 adult (≥20 years) incident CKD
patients within the San Francisco Department of Public Health Community
Health Network, a safety-net health system of 12 full-service public health
clinics with a special emphasis and commitment to serving the most poor,
vulnerable, diverse population in the city. We examined provider recognition of
CKD among these cohorts of patients, as defined by CKD coding within
6 months after CKD incidence as defined through laboratory testing. Patients
were included in the cohorts if they had incident CKD after January 1, 2005,
and before July 31, 2009, defined by at least two outpatient visits and two
creatinine measurements associated with eGFR G60 ml/min/1.73 m2 over at least
3 months (CKD-defining measurements; median time between measurements,
152 days), preceded by at least one normal eGFR (≥60 ml/min/1.73 m2) prior to
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the first CKD-defining measurement. Mean eGFR G60 ml/min/1.73 m2 after the
second CKD-defining measurement was also required to define incident CKD.
Patients whose two CKD-defining creatinine measurements spanned the date of
institution of automated eGFR reporting (November 1, 2006) were excluded (n=
60), as were patients whose prior normal creatinine and first CKD-defining
measurement spanned this date (n=27; Fig. 1a). The exclusion of these
“straddlers” (Fig. 1b) allowed for similar cohort formation before and after
institution of automated eGFR reporting. Also excluded were patients who had an
existing code for CKD in the medical record prior to their first CKD-defining
measurement (“prevalent,” presumably identified via eGFR prior to the start of the
study or urine testing; n=26) and patients who did not have at least 6 months of
follow-up after their second defining creatinine during which the provider could
code CKD (n=21; Fig. 1a and b). The final cohort comprised 237 incident CKD
patients.

Measurements and Definitions

Predictor Variables Patients were assigned to pre- and post-eGFR cohorts by
whether both CKD-defining creatinine measurements fell before or after the
laboratory instituted automated eGFR reporting with serum creatinine (Fig. 1a
and b). Prior to this date, eGFR was only reported if specifically ordered by the
provider. After this date, all serum creatinine assay results were accompanied by two
eGFR values (for “African American” and “non-African American”). eGFR was
calculated by the MDRD Study equation (four-variable),11 and both values were

Entire cohort (2+ creatinines associated with eGFR<60 >3 months apartEntire cohort (2+ creatinines associated with eGFR<60, >3 months apart, 
d d b 1 l ti i t 371)preceded by 1+ normal creatinine measurement; n=371)

Is 1st abnormal creatinineIs st abnormal creatinine prior to November 2006?
183 188

NoYes
n=183 n=188

NoYes

Is 2nd abnormal creatinine Is prior normal creatinines
prior to 11/06?

p
measurement after 11/06?prior to measurement after ?

60 27Excluded:
Yes

n=60
No

n=27
NoYes “Straddlers” YesNoNoYes

No prior codes present? Prior codes present?Prior present?

Excluded:n=7
Yes No No Yes

n=19

“Prevalent”Yes No No Yes

>6 available? >6 months F/U available?>6 months F/U available? >6 months available?

Excluded:n=10
Y N N Y

n=11c uded
“F/U <6 mo”Yes No No Yes

Post-eGFR Cohort (n=131)Pre-eGFR Cohort (n=106) ( )
65 coded within 6 months

( )
45 coded within 6 months

FIGURE 1. Assignment of incident CKD patients to pre- or post-eGFR cohort (before and after
institution of automated eGFR reporting), coding status, and excluded status.
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adjusted for patient gender. Age, gender, race/ethnicity, and poverty status were
obtained from the medical record.

Outcome Variable CKD coding was defined by the presence of an International
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diag-
nostic code in the medical record for CKD (585.x), other kidney disease (580.x–
581.x, 586.x), or diabetes (250.4) or hypertension (403.x, 404.x) CKD, within
6 months of the second CKD-defining creatinine measurement. Specific CKD codes
(585.x) were also examined separately.

Covariates Serum creatinine was measured using an ADVIA chemistry analyzer
(Siemens Healthcare Diagnostics, Deerfield, IL) by the Jaffe method (before June
2008) and by enzymatic assay after June 2008. Diagnosed diabetes and essential
hypertension were defined by the presence of ICD-9-CM diagnostic codes (250.x
and 401.x, respectively) in the medical record.

Statistical Analyses
Patient characteristics were compared across the pre- and post-eGFR cohorts.
Additionally, crude means of serum creatinine and eGFR and crude percentages of
patients who received a CKD code over follow-up were calculated by patient
characteristic. Multivariable-adjusted logistic regression, with calculation of odds
ratios (ORs), was used to assess the presence, direction, magnitude, and
independence of an association between patient characteristics (age, gender, and
race/ethnicity) and coding in the pre- and post-eGFR reporting enrollment periods.
All analyses were performed with Stata v. 11.1 (StataCorp, College Station, TX).
Statistical significance was set at PG0.05.

RESULTS

Patient Characteristics
Of the 237 patients included in the study, 106 (44.7 %) had their CKD-defining
measurements documented prior to the institution of eGFR reporting (pre-eGFR
reporting cohort). Those with CKD-defining measurements documented after eGFR
reporting began (n=131; post-eGFR cohort) were not statistically significantly
different from those in the pre-eGFR reporting cohort in terms of sociodemographic
or clinical variables (Table 1). The overall cohort was 37 % female, had a mean age
of 56 years, and had a mean eGFR of 49 ml/min/1.73 m2 (Table 1). Most patients
fell below the poverty line. Overall (pre- and post-eGFR reporting), 46 % had any
code for kidney disease, whereas 43 % had a CKD-specific code of 585.x. Diabetes
(17 %) and hypertension (30 %) were also commonly diagnosed.

The overall mean serum creatinine was 1.8 mg/dl, and the mean value and
percentage with abnormal values varied substantially by age, gender, and race/
ethnicity (Table 2). There were no differences in the pre- vs. post-eGFR cohorts in
serum creatinine values, either overall or by subgroup (P90.3 for all; not shown in
table). Notably, the percentage coded for CKD was lower among those with mean
serum creatinine G1.3 vs. ≥1.3 mg/dl, both pre- (15.6 % vs. 54.1 %) and post-eGFR
reporting (32.6 % vs. 58.8 %). Mean eGFR, on the other hand, was more consistent
among subgroups, with values of 47–51 ml/min/1.73 m2 for all subgroups
(Table 2).
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Association of Patient Characteristics with CKD Coding
Pre- and Post-eGFR Reporting
Those who were followed post-eGFR reporting were not statistically more likely to
be coded, relative to those enrolled pre-eGFR reporting (OR=1.34, 95 % CI, 0.80–
2.24). In general, an increase in coding was seen in age and race subgroups
immediately after the institution of automated eGFR reporting, with subsequent
steady prevalence or slight declines in coding over time (data not shown). Despite
the increases seen in all subgroups post-eGFR reporting, there appeared to be a
persistent “coding gap,” with the proportion coded being less than the proportion of

TABLE 1 Characteristics of incident CKD patients by study cohort

Characteristic Overall

Assigned cohort

Pre-eGFR Post-eGFR P

Number 237 106 131 –

Incidence per month 4.4 4.6 4.2 0.25
Sociodemographic
Mean (SD) age (years) 56.0 (13.3) 57.1 (13.4) 55.1 (13.2) 0.24
Gender
% male 63.3 61.3 64.9 0.57
% female 36.7 38.7 35.1
Race/ethnicity
% Black 27.9 29.3 26.7 0.23a

% not Black 72.1 70.7 73.3
% White 35.4 38.7 32.8 0.67b

% Hispanic 12.7 13.2 12.2
% Asian 21.5 15.1 26.7
% other 2.5 3.8 1.5

Poverty status
% PIR≤100 67.6 63.4 70.2 0.30
% PIR9100 32.4 36.6 29.8
Clinical
Mean (SD) serum creatinine (mg/dl) 1.81 (1.18) 1.86 (1.23) 1.77 (1.14) 0.54
Mean (SD) eGFR (ml/min/1.73 m2) 48.8 (15.5) 46.9 (13.9) 50.4 (16.5) 0.09
Mean (SD) no. outpatient visits 26.9 (53.4) 30.3 (55.8) 24.3 (51.4) 0.39
Any CKD coding
% with no code 53.6 57.5 50.4 0.27
% with code 46.4 42.5 49.6
CKD (585.x) coding
% with no code 56.1 50.9 60.3 0.15
% with code 43.4 49.1 39.7
Diabetes
% without diagnosis 83.5 82.1 84.7 0.58
% with diagnosis 16.5 17.9 15.3
Hypertension
% without diagnosis 70.0 72.6 67.9 0.43
% with diagnosis 30.0 27.4 32.1

Pre-eGFR prior to institution of automated eGFR reporting, Post-eGFR after the institution of eGFR reporting,
PIR poverty index ratio, with federal poverty level=100

aAcross all race/ethnicity categories
bFor Black vs. non-Black categories
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their counterparts who were coded, among older, female, and non-Black patients
(Fig. 2). This gap was narrowed, but not eliminated, in the post-eGFR cohort, with
the greatest narrowing in older and female patients (Fig. 2).

The association of post- vs. pre-eGFR reporting with increased prevalence of
coding was of greater magnitude among older (OR=2.48, P=0.14) and female
(OR=2.74, P=0.04) patients, relative to their counterparts. Female gender was

TABLE 2 Mean serum creatinine and eGFR and percentage coded for CKD over the entire
study period among individuals with eGFRG60 ml/min/1.73 m2 by patient characteristic

Mean Scra

(mg/dl)
% with
abnormal Scrb

Mean eGFR,
(ml/min/
1.73 m2)

% coded in
6 months P*

Overall 1.81 79.8 % 48.8 46.4 % –

Age
20–64 1.90 85.1 % 48.2 48.4 % 0.23
≥65 1.48 59.2 % 51.3 38.8 %
Gender
Male 2.01 87.3 % 48.3 54.0 % 0.002
Female 1.47 66.7 % 49.7 33.3 %
Race/ethnicity
Black 2.22 93.9 % 47.3 53.0 % 0.20
Other 1.65 74.3 % 49.4 43.9 %

Scr serum creatinine
aFrom first abnormal creatinine forward
bLaboratory abnormal thresholds: 1.3 mg/dl for males and 1.1 mg/dl for females
*P for % coded across subcategory by χ2 test
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FIGURE 2. Population distributions of patients by age, sex, and race/ethnicity, before (Pre) and
after (Post) the institution of eGFR reporting. The shaded portions represent the proportion of the
population that was coded for CKD; the white portions represent the noncoded proportion of
the population.
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significantly associated with 970 % lower odds of being coded for CKD in the pre-
eGFR period (Table 3); the association of gender with coding was no longer
statistically significant in the post-eGFR period. Older age was also associated with
950 % lower odds of coding in the pre-eGFR period but not in the post-eGFR
period, but the interaction between cohort and age were not statistically
significant. Black race (Table 3) was not associated with significantly different
odds of being coded in either time period. With adjustment for sociodemographic
and clinical characteristics, those with diabetes were less likely to be coded than
those without diabetes in the pre-eGFR period (39.6 % vs. 53.4 %) and more
likely in the post-eGFR period (53.4 % vs. 49.0 %). For hypertension, the pattern
was reversed: 55.3 % and 39.1 % of those with and without hypertension were
coded pre-eGFR, compared to 43.0 % and 53.0 % post-eGFR. However, none of
these differences by either condition or time period were statistically significant
(not shown in table).

Mean eGFR (adjusted OR=1.57 per 10 ml/min/1.73 m2 decrease, P=0.001) and
number of visits (adjusted OR=1.01 per visit, P=0.06) were both associated with
greater odds of CKD coding. However, these associations were similar pre- and
post-eGFR reporting. Additionally, adjustment for mean eGFR and number of visits
did not substantially change any other associations or effect modifications we
explored. Restricting analyses to only those with mean eGFR G45 ml/min/1.73 m2,
resulted in the following adjusted ORs in the pre- vs. post-eGFR reporting periods:
age, 2.44 vs. 1.44 (Pinteraction=0.65) and gender, 0.27 vs. 0.64 (Pinteraction=0.58).
Black race and eGFRG45 perfectly predicted coding in the post-eGFR reporting
period. Primary care provider specialty was associated with a difference in CKD
coding prevalence (general internal medicine, 52.0 %; family practice, 29.6 %; and
nurse practitioner/physician assistant, 40.7 %; P=0.06). However, within specialty,
no statistically significant differences for pre- vs. post-eGFR reporting were seen
(data not shown).

DISCUSSION

Prior to the institution of automated eGFR reporting, 42 % of this high-risk safety-
net patient population with reduced kidney function had a documented diagnostic
code for kidney disease within 6 months of detectable CKD. While less than optimal,
this represents a far higher proportion of appropriate CKD coding than that seen in
most other patient populations. Guessous et al.12 found that only 14 % of patients
with eGFRs of 10–59 ml/min/1.73 m2 in a managed care population had codes for
CKD. Our relatively high prevalence of detection relative to prior studies may reflect
the academic setting and provider familiarity with the increased risk of CKD in a
poor, ethnically diverse, urban patient population. Despite this relatively high
prereporting prevalence, minimal (generally nonstatistically significant) improve-
ments in the prevalence of CKD coding were seen overall and in patient subgroups
after the implementation of automated eGFR reporting, with prevalence of coding
for most groups remaining G50 % post-eGFR reporting,

We found that older and female patients had a decreased likelihood of having a
documented CKD code, with females being half as likely as males with similar
kidney function to have a code. In contrast, Black patients had higher prevalence of
CKD coding than their non-Black counterparts. These findings may be partially due
to lower abnormal thresholds for serum creatinine among older, female, and non-
Black patients; in fact, we saw dramatically lower serum creatinine values among
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these patients. These differences in coding, while reduced in magnitude, persisted
post-eGFR reporting, despite similar eGFRs in older and female patients, relative to
their counterparts. Factors other than recognition of reduced kidney function may
affect documentation of CKD including more attention to competing health issues,
concern over unnecessary nephrology referrals, and provider's lack of knowledge
about the risk of CKD. However, increases in coding, particularly of younger female
and non-Black patients among the urban poor, may improve outcomes due to earlier
detection and intervention.

While ICD-9-CM coding has been shown to detect relatively few cases of CKD,13

greater CKD documentation with ICD-9-CM codes has been associated with lower
eGFR and a decrease in nonsteroidal antiinflammatory drug prescriptions, giving
face validity to the use of ICD-9-CM codes as a measure of physician awareness of
CKD.12 Indeed, we also found that coding was significantly associated with eGFR in
our cohort. However, there are other markers of provider awareness that could not
be examined here. For example, previous studies in the United Kingdom14 and
Australia15 have shown that automated eGFR reporting with serum creatinine
orders increased primary care provider recognition, as measured by nephrology
referral rates. Similarly, a Canadian study16 demonstrated increased nephrology
visits, with the greatest increases in female and older patients. Appropriate changes
in drug dose and prescription, also not available here, could provide another marker
of provider awareness of CKD. A recent literature review17 showed that nephrology
referrals increased 13–270 % after institution of automated eGFR reporting, but
change in the use of angiotensin-converting enzyme inhibitors/angiotensin receptor
blockers (which can help prevent CKD progression as well as control blood
pressure) only increased 0–6 %. Similarly, a retrospective cohort study of predialysis
care showed that comanagement of CKD by primary care providers and
nephrologists increased from 23 % to 49 % post-eGFR reporting, resulting in
greater NSAID avoidance and phosphorus and parathyroid hormone testing, but
angiotensin-converting enzyme inhibitors/angiotensin receptor blocker use or
urinary albumin testing remained unchanged.18 Unfortunately, we did not have
data on referrals or medications, so we could not compare the value of CKD coding
relative to these other possible markers of provider awareness.

Many of these previous studies showing increased provider recognition of CKD
(both overall and traditionally underrecognized populations) with automated eGFR
reporting have been performed in far different healthcare systems and patient
populations than the safety-net system serving the indigent patients we studied.
Thus, our results showing an increase in coding postautomated eGFR reporting—
without substantial narrowing of observed gaps in CKD coding—may reflect the
inability of eGFR reporting to overcome challenges to CKD detection in a complex,
resource-constrained healthcare system. Particularly, it may reflect the extent to
which primary care providers do not feel empowered to actually slow CKD
progression or it may reflect providers' unwillingness to overburden a safety-net
system with more specialist referrals or treatments19 or label a patient with another
diagnosis that may not change their management. Some prior studies coupled
concomitant provider education and/or management programs with the institution
of automated eGFR reporting, which was not performed at this site. Additionally,
our results suggest that coding may vary substantially by primary care provider
specialty. Thus, targeted provider education may be necessary to garner the attention
of physicians who are busy managing a complex patient population and to alter
possible preconceived notions about risk and prevalence of CKD in certain
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subpopulations. Such education efforts should include information about the high
prevalence yet low awareness of CKD, particularly among populations that may
require a higher index of suspicion, such as females; the major risk factors for CKD,
including diabetes and hypertension, but also other factors that may not be currently
be ascertained during routine clinic visits, such as family history; and clinical
strategies for primary and secondary prevention of CKD, such as tight control of
blood pressure, use of angiotensin-converting enzyme inhibitors/angiotensin recep-
tor blockers, and closer oversight of the use of other potentially nephrotoxic
prescription and over-the-counter medications used by these patients, with dosage
adjustment as necessary.

This study has several other limitations, most notably the relatively small sample
sizes in our incident CKD cohorts pre- and post-eGFR reporting, which limited our
power to detect true differences in coding prevalence. The limitations of eGFR in
estimating kidney function should also be considered. Compared to the MDRD
equation, the CKD-EPI equation20 has been shown to be more accurate in the higher
range of eGFR, resulting in fewer false-positive reports. However, this equation is
not yet in routine use for automated laboratory reporting. Additionally, there is no
race/ethnicity-based correction for eGFR, except the single indicator for Black race,
for either the MDRD Study or the CKD-EPI equation. Thus, automated eGFR
reporting is less likely to impact coding prevalence in non-Black ethnic populations,
such as Hispanics and Asians, who represent nearly 50 % of our study population.
Finally, there may have been secular trends resulting in increased uptake of CKD
coding, e.g., the introduction and dissemination of stage-specific codes for CKD in
October 2005, potentially masking the effect of eGFR reporting.

Despite these limitations, we have shown that appropriate CKD coding in this
underserved urban population at high risk for CKD and its progression was
relatively higher than the prevalence seen in other managed care populations,
possibly due to provider knowledge of increased risk in indigent populations.
However, even with available automated eGFR reporting, as many as half of the
patients in this high-risk population with CKD remained possibly unrecognized and,
thus, less likely to receive optimal CKD care to prevent progressive disease. Further,
in this poor urban population, gaps existed in the prevalence of CKD coding, with
older, female, and non-Black patients being less likely to be coded. Lower abnormal
serum creatinine thresholds in these subpopulations likely partially explain this
phenomenon. Additionally, the institution of automated eGFR reporting was
associated with a higher prevalence of coding overall. Yet, eGFR reporting did not
entirely eliminate these gaps in coding. Thus, automated eGFR reporting does not
appear to be sufficient to increase provider detection and coding in similar patient
populations. Targeted provider education regarding the importance of CKD
recognition through the use of eGFR over serum creatinine may be necessary to
achieve optimal management of CKD in a safety-net urban setting.
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