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Abstract

Background—Estimates of chronic kidney disease (CKD) in the United States, using the
continuous National Health and Nutrition Examination Survey (NHANES) dataset 1999-2004,
indicate that 13.1% of the population (26.3 million people based on the 2000 census) has CKD stages
1-4.

Study Design—We performed sensitivity analyses to highlight assumptions underlying these
estimates and to illustrate their robustness to varying assumptions.

Setting & Participants—NHANES 1999-2004 was a nationally representative cross-sectional
continuous survey of the civilian, non-institutionalized US population. Our sample included
participants aged > 20 years.

Reference Test—Estimated glomerular filtration rate (GFR) < 60 mL/min/1.73m? defined from
the 4-variable Modification of Diet in Renal Disease (MDRD) Study equation; albuminuria defined
as persistence of urinary albumin-to-creatinine ratio > 30 mg/g.

Index Tests—[EF1]. We compared the prevalence estimates using the MDRD Study equation with
2 other GFR estimating equations (equation #5 by Rule and colleagues from the Mayo Clinic Donors
study; Cockcroft-Gault equation adjusted for body surface area and corrected for the bias in the
MDRD Study sample), and sex-specific cut points to define albuminuria.

Results—We found CKD stages 1-4 prevalence estimates ranging from 11.7% to 24.9%, a more
than 2-fold difference, resulting in population estimates between 25.8 million and 54.0 million people
using 2006 population estimates. Considering only stages 3 and 4, which are not affected by the
choice of cut points to define albuminuria, prevalence estimates ranged from 6.3% to 18.6%, resulting
in population estimates of 13.7 million to 40.3 million people, a nearly 3-fold difference.
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Limitations—NHANES 1999-2004 is a cross-sectional survey, and allows for GFR and albumin-
creatinine ratio estimates at one point in time. NHANES does not account for seniors in long-term
care facilities.

Conclusions—While CKD prevalence is high regardless of varying modeling assumptions,
different assumptions yield large differences in prevalence estimates.

Keywords

Index key words: Chronic kidney disease; GFR estimating equations; NHANES; prevalence
estimates

Chronic kidney disease (CKD) is receiving increased attention in the United States and
internationally due to efforts by the National Kidney Foundation (NKF; Kidney Disease
Outcomes and Quality Initiative [KDOQI], Kidney Early Evaluation Program [KEEP]), and
the National Institute of Diabetes, Digestive, and Kidney Diseases (National Kidney Disease
Education Program [NKDEP]). Recent US CKD prevalence estimates, using the continuous
National Health and Nutrition Examination Survey (NHANES) dataset from 1999-2004,
indicate that 13.1% of the civilian, non-institutionalized population has CKD stage 1-4,
corresponding to 26.3 million people based on the 2000 census estimates.

In 2002, the NKF recommended a 5-stage CKD classification system, published as K/DOQI
Clinical Practlce Guidelines for Chronic Kidney Disease: Evaluation, Classification, and
Stratification.2 The system is based on evidence of reduced glomerular filtration rate (GFR)
and evidence of kidney damage. To estimate national CKD prevalence, GFR has been
estimated by various versions of the Modification of Diet in Renal Disease (MDRD) Study
equation. 3 The MDRD Study equation is useful for estimating GFR because of its relative ease
of calculation based on serum creatinine, age, sex, and race. 21tis clinically useful as a measure
of GFR up to 60 mL/min/1.73m?2 because it was developed in a population with known CKD
(GFR in mL/min/1.73m2 may be converted to mL/s/1.73m2 by multiplying by 0.01667).2 The
equation was updated in 2007 for use with serum creatinine measurements standardized to an
assay traceable to isotope dilution mass spectroscopy (IDMS)

Kidney damage is determined by “pathologic abnormalities or markers of damage, including
abnormalities in blood or urine tests or imaging studies.”2 To assess kidney damage,
proteinuria is assessed using an untimed (spot) urine specimen by calculating the urinary
albumin-creatinine ratio (ACR), measured in mg/g.<> Non-sex-specific cut points classifying
micro- and macroalbuminuria based on ACR are recommended by the American Diabetes
Association.b However, as creatinine excretion |s hlgher in normal men than normal women,
sex-specific cut points have also been proposed

NHANES has historically provided a rich source of data for estimating national CKD
prevalence, as its estimates are generalizable to the US non-institutionalized civilian
population. Past estimates of CKD prevalence based on different definitions, different GFR
estimating equations, and different NHANES datasets have varied (Table 1). 1,9-12

The current analysis aims to highlight the assumptions underlying CKD prevalence estimates
using NHANES data, and to illustrate how sensitive these estimates are to varying assumptions.
We address 3 GFR estimating equations: the 4- varlable MDRD Study equation re-expressed
for use with standardized serum creatinine values?: ; equation #5 put forth by Rule and
colleagues in 2004, developed from the Mayo CI|n|c donor study ; and the Cockcroft-Gault

ﬂuatlon adjusted for body surface area and corrected for the bias in the MDRD Study sample.
1% The Mayo equation was developed in a patient population with known CKD (n = 320) and
a population of healthy individuals being considered for kidney donation (n = 580).
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Additionally, we assess use of sex-specific cut points for ACR compared with non-sex-specific
cut points.

Prevalence of CKD stages 1-4 was assessed using data from the continuous NHANES 1999—
2004. From 1999 to 2004, the National Center for Health Statistics (NCHS) used NHANES
to continually monitor the health of the US population. NHANES uses a complex multistage
probability sampling design to assess the health of a nationally representative sample of the
civilian, non-institutionalized US population. NCHS releases data from NHANES in 2-year
intervals. This analysis used data releases from 1999-2000, 2001-2002, and 2003—-2004. The
NHANES 1999-2004 procedures have been well detailed.1>

NHANES 1999-2004 included an in-home interview and an examination in a mobile
examination center (MEC). Some participants were sampled to participate only in the in-home
interview, and others to participate in both the in-home interview and the MEC examination.
NCHS provides separate weights to account for the complex multi-stage sampling scheme of
both the in-home interviewed and the MEC-examined participants to facilitate generalization
to the survey’s target population, the civilian, non-institutionalized US population. Our
analyses were limited to NHANES participants who were sampled to participate in both the
in-home and the MEC portions of the survey. The MEC-examined sample size for NHANES
1999-2004 was 29,402. We further limited the analysis to participants aged > 20 years at the
time of examination, for a final sample size of 14,213.

Prevalence of various CKD stages was assessed using a combination of measures of
albuminuria and eGFR in accordance with the KDOQI Guidelines.2 Albuminuria was assessed
using ACR and is expressed in mg/g. Both sex-specific and non-sex-specific cut points were
explored to define levels of albuminuria. The non-sex-specific ACR cut points define
microalbuminuria as 30-299 mg/g and macroalbuminuria as > 300 mg/g.6 The sex-specific
cut points define microalbuminuria in men as ACR 17-250 mg/g and macroalbuminuria as >
250 mg/g, and microalbuminuria in women as ACR 25-355 mg/g, and macroalbuminuria as
> 355 mg/g.7

Estimated GFR was calculated using 3 previously published equations. The first was the
MDRD Study equation re-expressed for use with IDMS-traceable serum creatinine values®:
eGFR(mI/min/1.73m?2 =175.0(SCr) 1-154xage~0-203 x0.742[if female]x1.212[if African
American]

SCr is standardized serum creatinine in mg/dL and age is expressed in years. Serum creatinine
values were standardized to IDMS-traceable values following NKDEP and NHANES
recommendations.16:17

The second was the Mayo equation, proposed by Rule et all3:

. 191143242 _ 2L _ ) 00686(age)—0.205[ if fe l*)
eGER (il min /1.73m2)=e( 56 T 502 (age) [if female]

Because the Mayo equation was developed using serum creatinine measurements not

standardized to an IDMS-traceable gold standard, NHANES serum creatinine values were first
standardized to the Mayo Clinic laboratory using a previously published conversion formula
(SCr,\,|ay0:[(SCrN|.|A,\,ES/O.9948)+0.1967].18 If the serum creatinine was less than 0.8 mg/dL
after standardization to the Mayo Clinic laboratory, 0.8 (71) was the value used, according to

Am J Kidney Dis. Author manuscript; available in PMC 2010 February 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Snyder et al.

Page 4

recommendations by Rule (serum creatinine in mg/dL may be converted to pmol/L by
multiplying by 88.4).

The third equation was the Cockcroft-Gault equation adjusted for body surface area and
corrected for the bias in the MDRD Study sample14:

(140 — age) x weight(kg) 1.73

eGFR(ml/ min /l.73m2)= x —— X 0.8 x 0.85[ if female]

72 x SCr BSA

BSA, body surface area, is estimated using the formula by Mosteller.19 The original Cockcroft-
Gault equation estimates creatinine clearance, not GFR; however, the correction re-expresses
the equation to estimate GFR.14

Patients who indicated on the kidney and urology questionnaire that they received dialysis in
the past 12 months, or said during the oral health questionnaire that they had been told by a
doctor that they have kidney disease requiring renal dialysis (n = 46, 0.3%) were assumed to
be in stage 5 CKD. Patients who indicated receiving dialysis were included in the eGFR
estimation using their measured serum creatinine value. To assess any differences introduced
by the handling of these possible dialysis patients, they were also assumed to have eGFR < 15
mL/min/1.73 m? regardless of their measured serum creatinine.

The KDOQI workgroup recommends that patients who test positive for albuminuria undergo
repeat testing within 3 months to confirm its presence.2 NHANES 1999-2004 participants
have urinary albumin and creatinine measured only once; therefore, patients with persistently
elevated ACR cannot be identified with certainty. Data from NHANES 111, in which a subset
of patients had repeat measurements of urinary alboumin and creatinine, were analyzed by
Coresh and colleagues.11 They found persistent microalbuminuria in 53.9% of patients with
eGFR > 90 mL/min/1.73m?, and in 72.7% of patients with eGFR between 60 and 89 mL/min/
1.73m?2, using sex-specific ACR cut points. Using non-sex-specific ACR cut points, they found
persistent microalbuminuria in 50.9% of patients with eGFR > 90 mL/min/1.73m2, and in
75.0% of patients with eGFR between 60 and 89 mL/min/1.37m?. All (100%) patients with
macroalbuminuria are assumed to have persistent alouminuria upon repeat measurement.
These estimates of persistence were used in the estimation of prevalence to classify CKD stage
(Table 2).

All analyses were conducted using SAS v9.1.3 (SAS Institute, Cary, NC). Sampling weights
were incorporated into all analyses to obtain unbiased estimates of population percentages
accounting for the complex sampling design of the continuous NHANES surveys using
SUDAAN (SAS callable version 9.0.1, RTI Inc., Cary, NC). Prevalence estimates were
calculated on the NHANES 1999-2004 population as a whole using combined sampling
weights following the procedures recommended by NHANES.20 Standard errors were
calculated using the Taylor series (linearization) method.

In the primary analysis, patients with missing eGFR or ACR were included when possible. For
example, patients with eGFR < 60 mL/min/1.73 m? were classified in the corresponding CKD
stage category regardless of whether ACR was known. Patients with albuminuria and unknown
eGFR were classified conservatively as stage 1 CKD. As a sensitivity analysis, additional
models were developed to assess the effect of including or excluding pregnant women from
the GFR estimation and pregnant and menstruating women from the ACR calculation, and the
effect of including or excluding patients with missing eGFR or ACR. In total, 6 models were
developed according to various criteria (Table 3). Comparisons were also made using the sex-
specific and non-sex-specific ACR cut points. Results for the primary model are presented
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here. Results for other models are presented in figures S1 and S2 (provided as online
supplementary material available with this article at www.ajkd.org).

Age, sex, and race data were present for all 14,213 participants included in the analysis. Serum
creatinine values were missing for 939 (6.6%), and urinary albumin or creatinine values for
424 (3.0%) participants. Thus, GFR was estimated using the MDRD Study equation or the
Mayo equation for 13,274 (93.4%) participants. Body surface area values were missing for
502 (3.5%) participants. Thus, GFR was estimated using the Cockcroft-Gault equation for
12,895 (90.7%) participants.

Table 4 displays prevalence estimates of eGFR levels comparing the MDRD Study equation
to the Mayo equation and the Cockcroft-Gault equation. Participants who indicated receiving
dialysis were classified in 2 ways, by estimated GFR and by assuming a GFR less than 15 mL/
min/1.73 m2. The Mayo equation estimated higher prevalence of eGFR values for CKD stages
4 and 5 and lower prevalence for stages 2 and 3. The Cockcroft-Gault equation estimated 2-
and 3-fold higher prevalence of eGFR values for stages 2 and 3.

Table 5 displays prevalence estimates of microalbuminuria and macroalbuminuria as estimated
by ACR using sex-specific and the non-sex-specific cut points. Sex-specific cut points gave a
microalbuminuria prevalence estimate of 12.2%, compared with 8.4% using non-sex-specific
cut points. Macroalbuminuria prevalence estimates did not differ substantially. These estimates
are independent of GFR estimation.

The KDOQI CKD classification guidelines use eGFR and albuminuria values to define CKD
stages. Using sex-specific ACR cut points (Table 6), CKD stages 1-4 estimated prevalence is
15.97% by the MDRD Study equation, compared with 13.93% by the Mayo equation and
24.86% by the Cockcroft-Gault equation. In the 2006 estimated US population aged > 20 years,
21 the MDRD Study estimate is 34.7 million people compared with 30.3 million using the
Mayo estimate and 54.0 million using the Cockcroft-Gault estimate. The estimated numbers
for stages 3—4 are 18.1 million people using the MDRD Study equation, 13.7 million using the
Mayo equation, and 40.1 million using the Cockcroft-Gault equation.

Using non-sex-specific ACR cut points to estimate CKD stages 1-4 prevalence (Table 7),
values become 13.75% (29.9 million people) using the MDRD Study equation, 11.68% (25.8
million people) using the Mayo equation, and 23.10% (50.2 million people) using the
Cockcroft-Gault equation. Stages 3—4 prevalence estimates did not change appreciably based
on the ACR cut points used. Non-sex-specific ACR cut points reduce CKD stages 1-4
prevalence estimates by approximately 2 percentage points using each GFR estimating
equation, a reduction of approximately 5 million people.

Regardless of ACR cut points, the 3 GFR estimating equations yield prevalence estimates
within approximately one percentage point for stages 1, 2, and 4 (Figures 1 and 2), with their
largest differences for stage 3. The Mayo equation estimates for stage 3 are 28% lower than
the MDRD Study equation estimates, and the Cockcroft-Gault equation estimates are more
than 2-fold higher than the MDRD Study equation estimates. These differences in the
prevalence estimates for stage 3 CKD drive the large differences observed when considering
stages 1-4 and stages 3—4 combined.

Including or excluding pregnant women, menstruating women, and individuals with unknown
eGFR or ACR values affects prevalence estimates, but to a lesser extent than differences
resulting from GFR estimating equations or ACR sex-specific cut points to define micro- and
macroalbuminuria (data shown in figures S1 and S2).
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Discussion

The results of this analysis demonstrate how varying assumptions can affect CKD prevalence
estimates using continuous NHANES 1999-2004 data. At one end of the spectrum of
assumptions, an estimated 25.8 million people aged > 20 years in the US have CKD stages 1-
4. At the other end of the spectrum, an additional 28.2 million people, or 54.0 million total,
have CKD.

The largest difference in estimated prevalence is due to differing GFR estimating equations.
The MDRD Study equation is recommended in the KDOQI classification guidelines; it tends
to underestimate GFR in the range above 60 mL/min/1.73 m2.13:22-24 e Mayo equation
was developed in a population with known CKD and a population of healthy individuals
(potential kidney donors).13 It appears to perform better in the healthy GFR range and is
comparable to the MDRD Study equation in ranges consistent with CKD. In this analysis, the
Mayo equation indeed yielded lower prevalence estimates for CKD stages 2 and 3, and an
estimate only a slightly higher for stage 4. The Mayo equation yielded estimates 45% higher
for GFR in the normal range (> 90 mL/min/1.73m?2) than the MDRD Study equation. The
higher prevalence of normal eGFR drives the slightly higher prevalence estimate of stage 1
CKD observed using the Mayo equation due to the albuminuria criterion used to define stage
1 CKD. The Cockcroft-Gault equation, adjusted for body surface area and corrected for the
bias in the MDRD Study equation, yielded prevalence estimates for stages 3 and 4 CKD 2-
and 3-fold higher than the estimates obtained using the MDRD Study equation.

Ibrahim and colleagues proposed an additional GFR estimating equation for use with Type 1
diabetic patients;2 however, it was not considered in the current analysis due to the small
number of Type 1 diabetic patients in the NHANES population. Still other equations estimating
creatinine clearance or GFR have been proposed by other investigz;1tors.26_33 We considered
only 3 equations, and the equation used greatly influenced CKD prevalence estimates,
particularly in the range of stage 3 CKD. In the absence of GFR measurement using a “gold-
standard” technique such as iohexol clearance in a large random sample of the general
population, further development and validation of GFR estimating equations can refine our
estimates of CKD prevalence in the United States.

Bias due to serum creatinine standardization could have influenced our results. NHANES
serum creatinine values are re-expressed for use with a standardized serum creatinine assay.
While the Mayo equation was not developed on serum creatinine values standardized to IDMS-
traceable reference standards, we used a previously published correction equation to transform
the NHANES values back to the values that would have been obtained in the Mayo Clinic
study. We also calculated prevalence estimates using the Mayo equation directly on the
standardized NHANES serum creatinine values, and the prevalence of stages 1-4 CKD
changed from 13.9% to 10.5 using sex-specific ACR cut points and from 11.7% to 8.2% using
non-sex-specific ACR cut points, a decline of approximately 3 percentage points. These results
highlight the importance of standardizing laboratory creatinine assays to National Institute of
%tangards and Technology Standard Reference Materials as recommended by the NKDEP.

3

Using sex-specific cut points to determine albuminuria based on ACR also affects CKD
prevalence estimates at stages 1 and 2. Sex-specific cut points give CKD stage 1 estimates
approximately 50% higher than non-sex-specific cut points, and stage 2 estimates
approximately 40% higher than non-sex-specific cut points, using each GFR estimating
equation. KDOQI classification guidelines do not prescribe which cut points to use, but note,
“creatinine excretion is higher in normal men compared with women; therefore, the values in
the general population and cut-off values for abnormalities in urine albumin-to-creatinine ratio
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are lower for men than women” (p. S50).2 The cut points used have implications for population-
based prevalence estimates.

Differences ininclusion criteria using NHANES data also affect prevalence estimates, although
the effect is smaller than the effect of GFR estimating equation or ACR cut points. The most
conservative estimates are obtained by excluding all participants with unknown eGFR or ACR
from the calculations, and including pregnant or menstruating women in the ACR calculation.
The highest prevalence estimates are obtained by including participants with unknown eGFR
or ACR when possible and excluding pregnant or menstruating women from the ACR
calculation. These modifications result in relatively minor differences in prevalence estimates,
generally in the range of 10%. This 10%, however, translates to a population difference of
approximately 2 to 3 million people.

The continuous NHANES 1999-2004 may be the best tool available to the research community
for estimating national CKD prevalence, but it has limitations. It is a cross-sectional survey,
and allows for GFR and ACR estimates at one point in time. The KDOQI CKD classification
guidelines recommend consistent findings of CKD based on reduced GFR or signs of kidney
damage over a period of 3 months. This analysis used estimates of albuminuria persistence
based on previous analyses of the NHANES I11 data.11 These estimates may not be
generalizable to the continuous NHANES dataset as NHANES 11 took place between 1988
and 1994 and the continuous NHANES from 1999 to 2004. Furthermore, the re-measurements
used in a subset of the NHANES 111 population were taken within 2 weeks of the original
estimates, not the 3-month period recommended by KDOQI. One could hypothesize that these
persistence estimates are biased high, resulting in possible over-estimation of the population
in stages 1 and 2. As a sensitivity analysis, we assumed the persistence estimates were 10%
higher than measures obtained 3 months from the original measurement would be, and re-
estimated stages 1-4 CKD prevalence using our primary model and sex-specific ACR cut
points. This modification resulted in prevalence estimates of 15.3% (95% CI: 14.5%-16.1%)
using the MDRD Study equation, 13.2% (95% CI: 12.6%-13.9%) using the Mayo equation,
and 24.3% (95% CI: 23.3%—25.3%) using the Cockcroft-Gault equation. Comparing these with
the original estimates of 15.97% using the MDRD Study equation, 13.93% using the Mayo
equation, and 24.86% using the Cockcroft-Gault equation, the differences are relatively minor.
Estimates of albuminuria persistence have no effect on the prevalence estimates of stage 3 and
4 CKD. Serum creatinine was also measured only once, so prevalence estimates do not
incorporate any estimate of reduced GFR persistence; however, this would affect only patients
with eGFR near 90 mL/min/1.73 m? in estimating CKD prevalence in stages 1-4.

The complex, multistage, probability sampling design used in NHANES is meant to ensure
generalizability to the US civilian, non-institutionalized population. The weights used to
analyze the NHANES data also are designed to account for survey nonresponse. While the
prevalence estimates obtained in this analysis are generalizable to the US civilian, non-
institutionalized population, this analysis does not take into account the numerous cases of
CKD that undoubtedly exist in the elderly population residing in long-term care facilities.

At a time when increasing attention is given to the public health burden of CKD in the US,
estimating the prevalence of the disease in the population is especially important. This analysis
is meant to highlight how varying methods of estimating the prevalence can have large effects
on the resulting prevalence estimates. Qualitative assessments of how prevalence estimates are
affected by various changes to the methodology are displayed in Table 8. The prevalence
estimates published by Coresh and colleagues1 may be conservative, given the results of our
analysis. Future refinements to GFR estimating equations may improve our ability to estimate
the true prevalence of CKD in the US. Regardless of methodological nuances, CKD prevalence
inthe US is high. A conservative estimate may be 25.8 million people, with plausible estimates
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of more than 50 million people. Public health initiatives to identify individuals with signs of
CKD, along with the availability of various treatments that have been shown to improve
morbidity and mortality in this population, could have a large public health impact.

Supplementary Material
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Figure 1.

Prevalence of chronic kidney disease (CKD) stages 1-4 using the Modification of Diet in Renal
Disease (MDRD) Study, Mayo, and Cockcroft-Gault glomerular filtration rate (GFR)
estimating equations and sex-specific albumin-creatinine ratio (ACR) cut points. Results were
obtained from the primary model. Refer to Table 3 for modeling assumptions.
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Figure 2.

Prevalence of chronic kidney disease (CKD) stages 1-4 using the Modification of Diet in Renal
Disease (MDRD) Study, Mayo, and Cockcroft-Gault glomerular filtration rate (GFR)
estimating equations and non-sex-specific alboumin-creatinine ratio (ACR) cut points. Results
were obtained from the primary model. Refer to Table 3 for modeling assumptions.
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Table 1
Estimates of CKD Prevalence in the United States.

Page 12

Study Dataset Prevalence Estimate Note
Percent No. of People,
Millions
Jones, 19989 NHANES Il 9.7 men; 1.8 10, aged > 12 CKD defined as SCr > 1.5 mg/dL
women years
Coresh, 200110 NHANES III 3.0 5.6, adults CKD defined as SCr > 1.6 mg/dL,
men; > 1.4 mg/dL, women
Coresh, 200311 NHANES I11 10.8 19.2 Stages 1-4, 2000 MDRD Study
equation, sex-specific ACR cut
points, albuminuria persistence
estimates, KDOQI CKD
classification.
Coresh, 200512 NHANES 1999-2000 9.4, non-sex- 18.3 Stages 1-4, 2000 MDRD Study
specific ACR equation, albuminuria persistence
cut points; 11.7, estimates, KDOQI CKD
sex-specific classification.
ACR cut points.
Coresh, 20071 NHANES 1999-2004 13.07 26.3 Stage 1-4, 2007 MDRD Study

equation, non-sex-specific ACR
cut points, KDOQI CKD
classification.

Note: Serum creatinine in mg/dL may be converted to umol/L by multiplying by 88.4.

Abbreviations: ACR, albumin-creatinine ratio; CKD: chronic kidney disease; KDOQI, Kidney Disease Outcomes Quality Initiative; MDRD, Modification

of Diet in Renal Disease; NHANES, National Health and Nutrition Examination Survey; SCr, serum creatinine.
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CKD Classification Algorithms

Table 2

Page 13

CKD Stage Description eGFR (mL/min/1.73 m?) Prevalence Estimation”
1 Kidney damage, normal or >90 P[macroalbuminuria | eGFR>90]*P
higher GFR [eGFR>90] + (0.539)* P[microalbuminuria
| eGFR>90]* P[eGFR>90]
2 Kidney damage, mild GFR 60-89 P[macroalbuminuria | eGFR 60-89]*P
decrease [eGFR 60-89] + (0.727)* P
[microalbuminuria | eGFR 60-89]* P
[eGFR 60-89]
3 Moderate GFR decrease 30-59 P[eGFR 30-59]
4 Severe GFR decrease 15-29 P[eGFR 15-29]
5 Kidney failure (ESRD) < 15 (or dialysis) P[eGFR < 15 or dialysis]

Note: eGFR in mL/min/1.73 m2 may be converted to mL/s/1.73 m2 by multiplying by 0.01667.

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; GFR, glomerular filtration rate.

P[x | y] can be interpreted as the probability of x given y. Constants for estimating persistence of microalbuminuria assume sex-specific ACR cut points;
when using the non-sex-specific cut points, replace 0.539 with 0.509 and 0.727 with 0.750.
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Table 3
Models Used to Estimate CKD Prevalence.

Include or Exclude Pregnant or Menstruating Women in Estimations

Missing eGFR or ACR Include in eGFR and Include pregnant women in Exclude pregnant women from
ACR eGFR; exclude pregnant or eGFR; exclude pregnant or
menstruating women from ACR menstruating women from
ACR
Excluded Model 1 Model 2 Model 3
Included when possible Model 4 Model 5 (primary model) Model 6

Note: Each model used each of the 3 GFR estimating equations and sex-specific and non-sex-specific ACR cut points.

Abbreviations: ACR, albumin-creatinine ratio; eGFR, estimated glomerular filtration rate.
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Table 8
Qualitative Assessment of The Effect of Varying Prevalence Modeling Strategies.
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Factor Qualitative Impact on Prevalence
Estimates
GFR estimating equation: MDRD Study, Mayo, or Cockcroft-Gault Large

Use of sex-specific or non-sex-specific ACR cut points to define albuminuria
Including pregnant and menstruating women in the albuminuria calculation
Excluding pregnant women from the GFR estimation

Excluding or including persons with missing ACR or eGFR.

Large, affecting only stages 1 and 2
Trivial
Trivial

Small

Abbreviations: ACR, albumin-creatinine ratio; eGFR, estimated glomerular filtration rate; GFR, glomerular filtration rate; MDRD, Modification of Diet

in Renal Disease
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