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Abstract

Background—In epidemiologic research, incident chronic kidney disease (CKD) is commonly
determined by laboratory tests performed at planned study visits. Given the morbidity and
mortality associated with CKD, persons with incident disease may be less likely to attend
scheduled visits, affecting observed associations. The objective of this study was to quantify loss-
to-follow-up by CKD status, and to determine whether supplementation with diagnostic code data
improves capture of incident CKD.

Study Design—Prospective cohort study.

Setting & Participants—11,560 participants in the Atherosclerosis Risk in Communities
(ARIC) Study underwent continuous surveillance for hospitalizations and death from baseline visit
(1996-1999) to follow-up visit (2011-2013). A subset of hospitalizations in Washington County,
MD, was used in diagnostic code validation (n=2,540).

Predictor—Baseline demographics and comorbid conditions.
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Outcomes—Incident CKD stage 3 ascertained by follow-up visit (visit-based definition), or by
hospitalization surveillance (hospitalization-based definition).

Measurements—Visit-based definition: 225% decline from baseline estimated glomerular
filtration rate to <60 ml/min/1.73 m? at follow-up visit; hospitalization-based definition:
hospitalization CKD diagnostic code.

Results—Among 11,560 participants, 5,951 attended the follow-up visit, and 9,264 were
hospitalized. Never-hospitalized participants were younger, more often female, and had fewer
comorbid conditions; 73.5% attended the follow-up visit. Incident CKD stage 3 occurred in 1,172
participants by the visit-based definition (251 were never-hospitalized) and 1,078 participants by
the hospitalization-based definition (237 attended the follow-up study visit). The sensitivity of the
hospitalization-based CKD definition was 35.5% (95%

Cl, 31.6%-39.7%); specificity was 95.7% (95% ClI, 94.2%-96.8%). Sensitivity was higher with
later time period, older participant age, and baseline prevalent diabetes and CKD.

Limitations—A subset of hospitalizations were used for validation; 15-year gap between study
visits.

Conclusions—The sensitivity of diagnostic code—identified CKD is low and varies by certain
factors; however, supplementing a visit-based definition with hospitalization information can
increase disease identification during periods of follow-up without study visits.

Keywords

chronic kidney disease (CKD); incident; diagnostic codes; validation; identification; loss to
follow-up; CKD surveillance; screening; administrative data

Chronic kidney disease (CKD) is strongly associated with cardiovascular disease, end-stage
renal disease and mortality.l: 2 Early identification of high-risk individuals facilitates timely
intervention for the prevention of CKD and its associated morbidities,3 and there is great
interest in quantifying risk factors for incident CKD.# However, estimation of both the rates
of disease and the magnitude of risk factor associations may vary by method of disease
identification. Validation studies of methods to detect incident CKD are needed.

Many prospective studies define incident CKD by biomarker measure at planned study
visits.? 6 Given the morbidity and mortality associated with CKD, persons developing
disease may be less likely to attend study visits. The interrelatedness of study loss-to-follow-
up and outcomes (i.e., informative censoring) is a well known source of study bias.”: 8
Methods to attenuate this bias include statistical modeling, such as mixed effects or joint
models,® and supplementation of study visit-derived outcomes with information from inter-
visit events. For example, for the often-fatal outcome coronary heart disease, continuous
surveillance of interim hospitalizations is commonly used to identify incident
disease.10:11-14 A similar review of hospitalizations for CKD events may improve the
accuracy of incident CKD capture when participants fail to attend subsequent study visits.

Using the Atherosclerosis Risk in Communities (ARIC) Study population and data from
planned study visits, continuous hospitalization surveillance, and outpatient electronic
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medical records, we sought to validate methods for identifying incident CKD stage 3. We
quantified loss-to-follow-up by incident CKD stage 3 status to determine whether CKD
onset affected study visit attendance. We compared phenotypes of participants with incident
CKD stage 3 identified via follow-up study visit (visit-based definition) with those identified
via incident hospitalizations (hospitalization-based definition). Finally, we estimated the
validity of the hospitalization-based CKD definition against a gold standard of outpatient
estimated glomerular filtration rate (eGFR) less than 60 ml/min/1.73m2, and evaluated
whether the sensitivity and specificity varied by patient and hospitalization characteristics.

METHODS

Study Population

The ARIC Study is an ongoing, community-based, prospective cohort designed for the study
of risk factors for cardiovascular disease and atherosclerosis.1? Recruitment occurred from
1987-1989 and was based in four U.S. communities: Washington County, Maryland,;
suburban Minneapolis, Minnesota; Jackson, Mississippi; and Forsyth County, North
Carolina. Only persons between the ages of 45 and 64 years were included (N=15,792).
After initial enrollment, follow-up clinical examinations occurred at approximately 3-year
intervals until visit 4 (1996-1999); visit 5 was conducted 15 years later (2011-2013). For the
purposes of the present study, visit 4 was considered baseline, since the corresponding
electronic medical record data were available only in recent years. Thus, only those ARIC
participants with serum creatinine measured at visit 4 were included (n=11,560).

Data Source and CKD Definition

Planned Study Visits—Baseline creatinine was measured in plasma specimens by the
modified kinetic Jaffé method. At the follow-up study visit (ARIC visit 5), serum creatinine
was measured using the Roche enzymatic method (Roche-Hitachi Modular P chemistry
analyzer with Roche Creatininase Plus assay, Hoffman-La Roche Ltd). To account for
variability between laboratories, assays, and methods, creatinine values were calibrated to
the National Institute of Standards and Technology (NIST; www.nist.gov) standard.15: 16
Creatinine values were converted to eGFR using the 2009 CKD-EPI (CKD Epidemiology
Collaboration) creatinine equation.1’ Incident CKD stage 3 was considered a drop in eGFR
>25%, resulting in a final eGFR< 60 ml/min/1.73 m2, a definition modeled after the KDIGO
(Kidney Disease: Improving Global Outcomes) guideline pertaining to definition of CKD
progression.18 Only those with eGFR =60 ml/min/ 1.73 m? at baseline were considered at
risk for incident CKD. In sensitivity analyses, we also report incident eGFR <60 ml/min/
1.73 m2, without requiring a decrement in eGFR >25%.

Hospitalization Diagnostic Codes—Participants in the ARIC Study are contacted
annually by telephone (92% response rate in follow-up year 20). Intervening hospitalizations
are determined by self-report as well as ongoing active surveillance of community hospital
discharge lists; deaths are determined by alternate contact-report and active surveillance of
local newspaper obituaries, state death lists, and death certificates from the Department of
Vital Statistics. For each hospitalization, 26 discrete International Classification of Diseases,
oth Revision, Clinical Modification (ICD-9-CM) discharge diagnostic codes are abstracted
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per protocol. For the current study, diagnostic codes for all hospitalizations occurring
between visit 4 (February 1, 1996 to January 30, 1999) and December 31, 2010, were
evaluated. The diagnostic code algorithm used to define CKD is listed in Table S1 (provided
as online supplementary material).

Administrative Creatinine—Unlike the three other study sites, Washington County, MD,
participants primarily receive care in a single integrated local health system, where a single
laboratory system supplies both inpatient and most outpatient serum creatinine
measurements. Thus, all creatinine values for Washington County participants were
abstracted from the electronic medical record; these data were available for the years
2002-2010. To evaluate the incidence of CKD among participants without interim
hospitalizations (and thus in whom there was no possibility of an inpatient diagnostic code-
based diagnosis of CKD), incident CKD stage 3 was determined from outpatient serum
creatinine and categorized from stage 3 to 5 (stage 3, eGFR 30-59 ml/min/1.73 m?; stage 4,
15-29 ml/min/1.73 m?; stage 5, <15 ml/min/1.73 m?). To assess the validity of
hospitalization diagnostic codes for identifying CKD, the sensitivity and specificity of these
codes were evaluated against a gold standard of outpatient eGFR < 60 ml/min/1.73 m?,
calculated using mean outpatient eGFR estimated using serum creatinine (median
measurements, 3; interquartile range, 1-4) during the year prior to admission.

Measurement of Other Variables

Gender and race were self-reported at ARIC study enrollment. Baseline variables (including
age) reflect measures at ARIC visit 4 (1996-1999). Diabetes was defined as self-reported
disease, the use of hypoglycemic medication, a fasting glucose level 2126 mg/dl, or a
random glucose =200 mg/dl. Hypertension was defined as a mean systolic blood pressure
>140 mmHg or a diastolic blood pressure =90 mmHg measured at the study visit, or the use
of anti-hypertensive medications. Moderate-to-severely increased albuminuria was defined
as a random urine albumin-creatinine ratio (ACR) > 30 mg/g.18 Urine albumin was
measured by a nephelometric method either on the Dade Behring BN 100 or on the
Beckman IMMAGE Nephelometer.

Statistical Analysis

Baseline characteristics of the study participants were compared using x2 and t-tests for
categorical and continuous variables, respectively. For variables with skewed distributions,
medians and interquartile ranges were reported. The relative risk (RR) of study visit non-
attendance was calculated in unadjusted and demographic-adjusted models using modified
Poisson regression with robust variance as previously described.19 In sensitivity analysis,
the RR of non-attendance from ARIC visit 1 to visit 2 was estimated (3-year interval,
n=15,642) as well as from ARIC visit 2 to visit 4 (6-year interval, n=14,292). The entire
population was used in comparisons by attendance at the follow-up study visit and interim
hospitalization status; only those with eGFR =60 ml/min/1.73 m? at baseline were used
when comparing incident CKD stage 3 rates (Figure S1). Washington County participants
alive in 2002 with eGFR =60 ml/min/1.73 m? at baseline were included in analyses of
electronic medical record data. In the validation analysis, standard errors were calculated
using a clustered sandwich estimator to account for potential within-participant correlation
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due to the possibility of multiple hospitalizations per participant. To determine if validity
varied by participant or hospitalization factors, sensitivity and specificity were evaluated
using logistic regression with each of the following factors included as a covariate: time
period (2002-2004, 2005-2008), participant age (<65, =65 years), gender, baseline diabetes
(yes, no), and baseline eGFR <60 ml/min/1.73 m? (yes, no).

Because the validation analyses were performed within a single study center, in sensitivity
analysis we performed a validation of hospitalization diagnostic codes across the entire
ARIC cohort using chart review. Hospitalization charts were selected using a random
number generator (n=546), and two blinded independent reviewers adjudicated the presence
of eGFR <60 ml/min/1.73 m2 not occurring in the presences of acute kidney injury.
Estimates of validity were adjusted for sampling technique as previously described.20 All
analyses were performed using Stata/SE 11.2 (College Station, TX: StataCorp LP).

Study Population

There were 11,560 ARIC participants with available eGFR at baseline (1996-1999). Nearly
half (48.5%) did not attend the follow-up visit in 2011-2013 (Table 1). Persons who did not
attend were older, more often male, and had slightly lower baseline eGFR. The RR of non-
attendance associated with baseline eGFR < 60 ml/min/1.73 m? was 1.59 (95% Cl,
1.51-1.66) and higher than those associated with baseline hypertension or diabetes (RRs of
1.29 [95% ClI, 1.24-1.33] and 1.42 [95% ClI, 1.37-1.48], respectively). After adjustment for
demographic factors, the associated risks were less pronounced (RRs for baseline eGFR <60
ml/min/1.73 m2, hypertension, and diabetes of 1.26 [95% ClI, 1.20-1.32], 1.19 [95% CI,
1.15-1.23], and 1.35 [95% ClI, 1.30-1.40], respectively). The cause of non-attendance was
death in 45% of the participants. Persons who missed the follow-up visit had higher median
number of hospitalizations compared with those who attended the follow-up visit (4 vs. 1
hospitalizations; p<0.001), and fewer were never hospitalized (10.8% vs. 28.4%; p<0.001).
In sensitivity analysis, the increased risk of study visit non-attendance associated with
baseline eGFR <60 ml/min/1.73 m? persisted when evaluated at separate ARIC study visits
with shorter inter-visit intervals (ARIC visit 2 to ARIC visit 4 demographic-adjusted RR,
1.90 [95% Cl, 1.67-2.16]; ARIC visit 1 to ARIC visit 2 demographic-adjusted RR, 2.21
[95% ClI, 1.74-2.79]).

By interim hospitalization status, participants who were never hospitalized were younger,
more often female, and had slightly higher baseline eGFR (Table S2). The RR of any
hospitalization (vs. never) associated with baseline eGFR <60 ml/min/1.73 m? was 1.15
(95% Cl, 1.12-1.17) and similar to those of hypertension and diabetes (RRs of 1.13 [95%
Cl, 1.11-1.15] and 1.15 [95% ClI, 1.13-1.17], respectively). More never-hospitalized
participants attended the final study visit (73.5% vs. 46.0%; p<0.001) and fewer died during
follow-up (0.2% vs. 27.4%; p<0.001) than participants who were hospitalized at least once
during the study period.
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Incident CKD Stage 3, by Definition

There were 10,818 participants at risk for incident CKD stage 3 (742 participants with eGFR
<60 ml/min/1.73 m? at baseline were excluded from this analysis); 2,253 (20.8%) developed
CKD stage 3 by either a decrease in eGFR >25% with a resultant eGFR < 60 ml/min/ 1.73
m? at the follow-up study visit (visit-based definition) or a hospitalization with a CKD-
associated diagnostic code (hospitalization-based definition). By the visit-based definition,
incident CKD stage 3 developed among 23.1% of the second study visit attendees and 0%
(by definition) among the non-attendees. By the hospitalization-based definition, 5.2% of
the second study visit attendees and 16.2% of the non-attendees developed incident CKD
stage 3. By the combined definition, the cumulative probability of CKD stage 3 over the
total study period was 24.9% among attendees and 16.2% among non-attendees (p<0.001).
Overall, persons labeled as developing CKD stage 3 by the visit-based definition compared
with the hospitalization-based definition were younger (baseline age, 62.7 vs. 64.5 years)
and had a lower baseline prevalence of hypertension (42.2% vs. 54.1%), diabetes (18.6% vs.
35.7%), and moderately-severely increased albuminuria (7.9% vs. 19.5%).

Incident CKD Stage 3, by Baseline Age

The proportion developing CKD by the various definitions (irrespective of follow-up visit
attendance) was assessed within 5-year categories of baseline age (Figure 1). By the visit-
based definition, the proportion developing CKD stage 3 was highest among participants
aged 61-65 years; rates were lower in both older and younger populations. By the
hospitalization-based definition, the cumulative probability of CKD appeared linearly
related to age category, whereby participants in the oldest age category (71-75 years) had the
highest risk of incident CKD stage 3. Using a combination of both definitions resulted in a
higher proportion with captured incident CKD stage 3 within each age group.

Missed Cases of Incident CKD, by Stage

The majority (84.4%) of the Washington County, Maryland, ARIC participant population
had an outpatient creatinine value by which to assess stages of incident CKD (Table 2).
Compared to those who remained with eGFR =60 ml/min/1.73 m?2, participants with
incident CKD stages 3-5 were older, with lower baseline eGFR and a higher prevalence of
baseline hypertension and diabetes. Women were overrepresented in incident CKD stages 3
and 4 but underrepresented in incident CKD stage 5. Persons with incident CKD stages 3-5
were less likely to attend the subsequent study visit, particularly among those developing
CKD stages 4 and 5. Mortality was slightly higher among those with incident CKD stage 3
(16.9% vs. 15.8% among those without incident CKD) and substantially higher among those
with incident CKD stages 4 and 5 (38.5% and 54.5%, respectively).

Accuracy of Diagnostic Codes

There were 2,540 hospitalizations in Washington County, Maryland, with available
diagnostic codes and outpatient creatinine in the year pre-hospitalization (Table S3).
Diagnostic code—identified CKD captured 35.5% (95% Cl, 31.6%-39.7%) of the cases with
pre-hospitalization eGFR <60 ml/min/1.73 m? (Table 3). Specificity was 95.7% (95% Cl,
94.2%-96.8%); positive and negative predictive values were 90.8% and 55.3%, respectively.
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Sensitivity was higher in the more recent era (2006-2010), and among older participants,
those with diabetes, and those with long-standing CKD (Figure 2). Specificity was slightly
higher among women than men and among participants with diabetes. In sensitivity analysis
using adjudicated chart review from all four study sites as a gold standard, the validity of
diagnostic code-identified CKD was similar (sensitivity, 36.2% [95% ClI, 27.1%-45.4%];
specificity, 97.7% [95% ClI, 96.3%-99.1%)]).

DISCUSSION

This study confirms that eGFR <60 ml/min/1.73 m2 is common in an older, community-
based population and that incident CKD stages 3-5 is associated with substantial morbidity
and mortality. It also suggests that reliance on study visit attendance for the identification of
incident disease may incompletely capture cases, particularly severe ones, possibly resulting
in biased associations with risk factors. Cases of incident CKD stage 3 varied by method of
identification: those who were younger and healthier were more likely to be captured in a
planned study visit, and those who were older were more likely to be captured in a
hospitalization. Although it is believed that the risk of CKD stage 3 increases with age,2! a
visit-based definition resulted in an implausible decrease in disease risk among those older
than 65 years, whereas a hospitalization-based approach may have exaggerated the age—
CKD association. We propose that a combination of study visit-based screening and
administrative data may improve incident CKD capture in cohort studies with variably
spaced follow-up visits—in the ARIC Study, over 70% of those with advanced disease were
identified—Dbut that such data should be interpreted cautiously.

While we focused on incident CKD stage 3 in a prospective cohort, the themes of
informative censoring and biases associated with methods of disease identification likely are
applicable to other chronic diseases and study designs. For example, we found that not only
eGFR <60 ml/min/1.73 m2 but also diabetes and hypertension were associated with higher
risk of follow-up study visit non-attendance. For kidney disease, the nonlinear trends with
age observed using a visit-based definition are easy to refute; there is strong evidence that
GFR decline occurs over a lifetime with no discernible plateau in CKD incidence.?! For
diabetes, on the other hand, a slowing of disease incidence with age has been reported.22: 23
Perhaps some (or all) of this plateau could be attributable to higher rates of subsequent study
non-attendance among persons with incident disease.

Epidemiologic studies using administrative data are increasingly common. Such studies are
relatively inexpensive to perform and benefit from large sample sizes.24 A significant
disadvantage, however, is the possibility of spectrum bias, whereby the performance of a
diagnostic method (e.g., diagnostic codes for CKD, or laboratory-based categorization of
eGFR) may vary by setting.2> A method to identify CKD that relies on diagnostic codes—
particularly in the case of hospitalization-based studies, but also in the outpatient clinic
setting—may be more effective in an older and/or sicker population, and the case-mix may
skew toward more advanced disease. In our analysis of incident CKD within the electronic
medical record, for example, we found that those with CKD stage 4 or greater were much
more likely both to be hospitalized during follow-up and to receive a CKD diagnostic code
during hospitalization than those with CKD stage 3 or greater. Our results suggest that CKD
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surveillance methods can be an important supplement to study visit-based surveillance to
“fill in gaps™; however, methods relying on study visit follow-up would be expected to be
more effective in a younger and healthier population.

The present study extends the existing literature on the validity of CKD diagnostic codes in
administrative data. Few U.S. studies have validated diagnostic codes against eGFR; those
that have are variable in results, with sensitivities ranging from 8% to 59%.26-28 While some
studies have reported differential sensitivity by patient characteristic—Stevens et al.28
reported no variation by CKD risk factors, Ferris et al.2% found higher sensitivity with severe
CKD, hypertension, and diabetes, and Ronksley et al.30 again found higher sensitivity with
diabetes and more severe CKD—none to our knowledge tested the variation in validity over
time. Our finding that the sensitivity of ICD-9-CM codes was higher in the more recent era
corresponds with the introduction of automatic eGFR reporting (in Washington County,
MD, this occurred in December 2004) and suggests that studies using ICD-9-CM codes to
determine trends over time may require adjustment for the differential sensitivity.

This study has certain limitations. The two planned study visits were approximately 15 years
apart. This interim period is longer than most prospective cohort designs and almost
certainly results in a more dramatic demonstration of differences between study visit— and
hospitalization-based CKD stage 3 identification. Still, in sensitivity analysis, the association
between baseline CKD stage or greater and study visit non-attendance persisted, even with
shorter inter-visit intervals. Hospitalization-based definitions require that persons are
hospitalized; a younger, healthier cohort may not have had similar increases in disease
capture by supplementing visit-based identification with hospitalization-based identification.
Estimates of positive and negative predictive values are very much dependent on prevalence
of disease in the population, and nearly 50% of our validation population had CKD,
although this may not be atypical in a hospitalized population. Finally, the diagnostic codes
were validated only in a subset of ARIC participants; to the extent that coding practices or
severity of disease differs from one region to another, our measures of sensitivity and
specificity may not reflect those of other populations. However, in sensitivity analyses using
hospitalization chart review from participants across all four study centers and a wide range
of hospitals, the validity of the diagnostic code algorithm was quite similar.

Strengths of this study include a large, community-based population with long-term follow-
up and high retention rates (>90% contact rate). Incident CKD was determined through
multiple sources, and, for a subset of participants, verified against an electronic medical
record containing both inpatient and outpatient laboratory measures. These complementary
data sources allow in-depth analysis of those who miss (whether due to non-adherence or
death) follow-up study visits.

In conclusion, this study quantifies loss-to-follow-up associated with CKD stage 3 or
greater, and it demonstrates that neither study-based methods nor administrative data based
methods captured the true spectrum of incident CKD in a community-based prospective
cohort. Each method identified different cases of incident CKD that varied in systematic
ways. A combination of study-visit and administrative data may be the most accurate
method for identifying community-representative incident disease.
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FIGURE 1.

Proportion developing chronic kidney disease stage 3 during follow-up, by categories of
baseline age*

*Among those with estimated glomerular filtration rate > 60 ml/min/1.73 m? at baseline
study visit (1996-1999)

**Abbreviations: Cl, confidence interval; CKD, chronic kidney disease Error bars indicate
9% confidence intervals.

Am J Kidney Dis. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Grams et al.

Page 12

o Sensitivity ® Specificity

e o ¥ = s (I * 5 .
8- * = I
5 —

0_
S H Lo o W ISEFS ) P
SIS [ ¥ & $ S g g R
v & § ¢ S & § & § & e @
NN T O & & g F & SRS
& < $ & 8
S < & &
o & &
= & o
& L
O O
(¢}
e
FIGURE 2.

Variation in CKD diagnostic code validity by participant and hospitalization characteristic,
Washington County hospitalizations 2002-2010 (n=2,540)
*Indicates a significant difference in sensitivity or specificity between categories (p<0.05).
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TABLE 1

Characteristics of study population at baseline (1996-1999) and incidence of hospitalization, CKD, and
mortality, according to follow-up visit (2011-2013) attendance

Not attending | Attending

No. of participants (%) 5609 (48.5) 5951 (51.5)

Baseline variables

Age (y) 64.7 £5.6 61.1+5.1
Female sex 2966 (52.9) 3486 (58.6)
African-American 1316 (23.5) 1267 (21.3)
Hypertension 2477 (44.5) 1937 (32.7)
Diabetes mellitus 1245 (22.3) 690 (11.6)
Prevalent cardiovascular disease 673 (12.3) 305 (5.2)
eGFR <60 ml/min/1.73 m? 548 (9.8) 194 (3.3)
eGFR (ml/min/1.73 m?) 83.9+17.9 88.3 +14.4

Risk of hospitalization, CKD, mortality

Never hospitalized 608 (10.8) 1688 (28.4)
No. of hospitalizations 411-7] 1[0-3]
Incident eGFR <60 ml/min/1.73 m2*@ 0(0.0) 1572 (27.3)

Incident CKD stage 3*b

Visit-based definition 0(0.0) 1330 (23.1)

Hospitalization-based definition 821 (16.2) 302 (5.3)

Combined definition 821 (16.2) 1432 (24.9)
Death before follow-up visit 2542 (45.3) 0(0.0)

Note: N=11,560. Values for categorical variables are given as frequency (percentage); values for continuous variables are given as mean + standard
deviation or median [interquartile range].

P<0.001 for all, except African-American P=0.005.
Abbreviations: eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease

*
Among those with visit 4 eGFR =60 ml/min/1.73 m2 (n=10,818; 5,061 of whom did not attend the follow-up visit and 5,757 of whom did).

a)lncident eGFR < 60 ml/min/1.73 m2 was determined at the follow-up study visit.

b)The visit-based definition requires both incident eGFR < 60 ml/min/1.73 m2 and a decrement in eGFR >25%. The hospitalization-based

definition defines CKD based on hospitalizations with CKD diagnostic codes. The combined definition combines the visit-based and
hospitalization-based definitions.
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TABLE 3

Validation of administrative diagnostic codes for CKD, Washington County hospitalizations (2002-2010)

Parameter Value (95% CI)
Sensitivity 35.5(31.6-39.7)
Specificity 95.7 (94.2-96.8)

Positive Predictive Value

90.8 (87.3-93.3)

Negative Predictive Value

55.3 (51.9-58.7)

Note: n=2,540. Mean outpatient eGFR <60 ml/min/1.73 m2 is the gold standard comparator. Outpatient creatinine values were converted to eGFR
using the CKD-Epidemiology Collaboration creatinine equation and averaged in the year prior to hospital admission. The prevalence of CKD in the
validation population was 47.1%. The positive predictive value in a population with fewer cases of CKD would be lower.

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate;
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