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CKD Surveillance Using Laboratory Data From the Population-Based
National Health and Nutrition Examination Survey (NHANES)

Alejandro F. Castro, MPH,1,2 and Josef Coresh, MD, PhD1,2

Surveillance for chronic kidney disease (CKD) using nationally representative samples of the US
population is central in providing information about the magnitude and trends in CKD burden that will
guide disease management and prevention planning for clinicians and public health authorities. We
used a cross-sectional study design to estimate the change in prevalence of CKD over time by using
National Health and Nutrition Examination Survey (NHANES) data. NHANES III (1988-1994) included
15,488 participants and NHANES rounds 1999-2004 included 13,233 participants older than 20 years
with serum creatinine measurements who were examined in a mobile examination center. Early stages
of CKD were defined by glomerular filtration rate (GFR) estimated by using the Modification of Diet in
Renal Disease (MDRD) Study equation and urinary albumin-creatinine ratio following the classification
system established by the National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative.
Moderately decreased GFR increased in prevalence from 5.4% to 7.7% (P � 0.001) and severely
decreased GFR increased from 0.21% to 0.35% (P � 0.02) from 1988-1994 to 1999-2004. Within CKD
stage 3, 18.6% � 1.6% (SE) of individuals should be referred to a nephrologist following a proposed set
of criteria for referral; referral rates were highest for individuals with diabetes and lower in whites
compared with other race-ethnicity groups. These survey data suggest that the prevalence of CKD has
increased between 1988-1994 and 1999-2004. Surveillance for early stages of CKD (stages 1 to 4)
should monitor these and other trends.
Am J Kidney Dis 53(S3):S46-S55. © 2009 by the National Kidney Foundation, Inc.

INDEX WORDS: Surveillance; kidney; National Health and Nutrition Examination Survey (NHANES);
national surveys; glomerular filtration rate (GFR).
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hronic kidney disease (CKD) has become a
global public health problem and is a com-

on condition in the United States.1,2 CKD is
ssociated with a wide range of complications in
ddition to the risk of progression to kidney
ailure or end-stage renal disease (ESRD) requir-
ng dialysis or transplantation and being a marker
f high cardiovascular disease risk.3 From 1991
o 2001, the incidence of treated ESRD adjusted
or age, race, and sex increased by 43%, and in
004, there were approximately 472,000 patients
ith treated ESRD, the final stage of CKD.4 In

he last 2 decades, prevalences of obesity, diabe-
es, and hypertension have also increased.5-8

iven the increase in incidence of ESRD and
revalence of major CKD risk factors, it is impor-
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ant to track trends over time in the prevalence of
ll stages of CKD.

Surveillance for CKD is central in providing
nformation about the magnitude and trends in
urden of CKD that will guide disease manage-
ent and prevention planning for both clinicians

nd public health authorities. Surveillance, de-
ned as “the continuing scrutiny of all aspects of
ccurrence and spread of a disease that are perti-
ent to effective control,”9 can take many forms
nd can focus on diagnosed or undiagnosed
isease. For kidney disease, surveillance can
onitor high-risk subgroups for incident CKD to

ake clinical action or quantify changes in the
ncidence or prevalence of CKD in populations
o guide public health activities. In contrast to
atients with treated ESRD, for whom both preva-
ence and incidence trends are available, inci-
ence data for patients with CKD are more
imited and trends in incidence are largely un-
vailable. Here, we focus on quantifying the total
revalence of CKD, including both diagnosed
nd undiagnosed disease, in the US population.
his requires a representative sample of the
opulation and the means to determine whether
ndividuals in the sample have CKD regardless
f previous diagnosis. Unlike ESRD, marked by

linical symptoms indicating a need for renal

iseases, Vol 53, No 3, Suppl 3 (March), 2009: pp S46-S55
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Laboratory Surveillance of CKD S47
eplacement therapy, earlier stages of CKD are
ostly asymptomatic. Thus, the diagnosis of
KD relies on laboratory values of markers for
idney damage, quantified by persistent albumin-
ria and decreased kidney function classified as
lomerular filtration rate (GFR) less than 60
L/min/1.73 m2.1 GFR can be measured directly

y using urine and serum concentrations of such
xogenous substances as inulin, iodine-125–
othalamate, or iohexol.10 However, estimating
FR from serum creatinine level is the presently

ecommended method for CKD staging and is
ore feasible in the large studies that are re-

uired for accurate estimation of total CKD
urden in the United States.1,2

The National Health and Nutrition Examina-
ion Surveys (NHANES) conducted by the Na-
ional Center for Health Statistics (NCHS) repre-
ent an ideal sample for estimating the total
urden of CKD and have been used extensively
or estimating CKD prevalence in the broader
S population. We summarize data from a recent
ublication updating trends data from 1988 to
00411 and expand on the characteristics of sub-
roups within CKD stage 3, which contains the
argest number of individuals compared with any
ther CKD stage. The NHANES include labora-
ory measurement of both albuminuria and se-
um creatinine, thus allowing for the staging of
KD in a nationally representative sample regard-

ess of the participants’ awareness or history of
iagnosis of CKD. Surveillance requires the abil-
ty to evaluate estimates of incidence or preva-
ence from current data against similar estimates
rom similar past data. As such, initial estimates
f the prevalence of CKD stages from NHANES
II (1988-1994) have provided a benchmark for
idney disease studies, prevention efforts, and
ealth care planning.2,12 Studies have compared
stimates from NHANES 1999-2000 with the
aseline estimates provided by NHANES III,
nding an increased prevalence of albuminuria,
ut no significant increase in overall prevalence
f CKD. The precision of these trend estimates
as constrained by the relatively small sample

ize of the 1999-2000 survey and may have been
iased because of limited data to establish consis-
ent calibration of the creatinine assays over
ime.12 Proper assay calibration is necessary when
omparing estimates derived from laboratory data

o ensure correct and unbiased comparisons, es- s
ecially when assays are performed years apart
nd/or in different laboratories. A recent study
alibrating serum creatinine levels in all
HANES from 1988 to 2004 permitted a more

igorous examination, with less bias, of the trends
n the prevalence of CKD using standardized
reatinine.13

We compare the prevalence of CKD in 1988-
994 with 1999-2004 and describe the distribu-
ion of CKD stages and severity. In particular,
KD stage 3 is described in detail, and the

mpact of proposed criteria for referral to a
ephrologist is explored. The impact of the in-
reasing prevalence of diabetes and changes in
ypertension and obesity are examined as ex-
lanatory variables for changes in CKD preva-
ence in the general US adult population.

METHODS
The methods used here have been published in detail

ecently.11 Briefly, the NHANES are cross-sectional multi-
tage stratified clustered probability samples of the US
ivilian noninstitutionalized population conducted by the
CHS.14 We analyzed data from NHANES III and com-
ined NHANES 1999-2000, 2001-2002, and 2003-2004
NHANES 1999-2004) following NCHS recommenda-
ions.15,16 All surveys oversampled certain subgroups of the
S population, including non-Hispanic blacks, Mexican
mericans, and the elderly, to obtain adequate sample sizes

or these groups in subsequent analyses.
Urinary albumin and creatinine concentrations were as-

ayed in the same laboratory for all surveys. Urinary albumin-
reatinine ratio (ACR; in milligrams per gram) was com-
uted and forms the basis for the definition of albuminuria.
icroalbuminuria is defined as ACR of 30 to less than 300
g/g, and macroalbuminuria is defined as ACR of 300 mg/g

r greater. All albuminuria analyses excluded women who
ere pregnant or in menses. Serum creatinine was measured
y using a kinetic rate Jaffé method. All serum creatinine
easurements were recalibrated to standardized creatinine
easurements obtained at the Cleveland Clinic Research
aboratory (Cleveland, OH).13 This recalibration is neces-
ary for appropriate estimation of GFR and accurate assess-
ent of trends in prevalence over time using the different
HANES.
GFR was estimated from recalibrated serum creatinine by

sing the 4-variable Modification of Diet in Renal Disease
MDRD) Study equation.17 The MDRD Study equation
riginally was developed using serum creatinine measured
y means of a kinetic rate Jaffé method; here, we use the
sotope dilution mass spectrometry–traceable MDRD Study
quation that uses standardized creatinine18: GFR � 175 �
standardized serum creatinine)�1.154 � (age)�0.203 � 0.742
if the individual is a woman) � 1.212 (if the individual is
lack). Estimated GFR (eGFR) is reported in milliliters per
inute per 1.73 m2. GFR, estimated from standardized
erum creatinine level, and ACR were used to define early



s
l
O
p
g
8
m

s
c
U
3
I
w
o
m
u
s
a
p
g
s
p
b

c
s
p
S
t
r
l
e
w
r
h
b
f
s
d
d
w
u
v
t
l
1
a
s
t
o

N
p
i
t
i

w
w
w
t
a
a
w
a
m
i
m
w
1
1
a
i
s
s

m
i
c
h
w
t
d
c
t
G
0
p
o
0
c
w
(
u
p
c
a
c

C
1
c
S
l
1
a
1

Castro and CoreshS48
tages of CKD according to the classification system estab-
ished by the National Kidney Foundation’s Kidney Disease
utcomes Quality Initiative (KDOQI)2 as follows: stage 1,
ersistent albuminuria with eGFR of 90 mL/min/1.73 m2 or
reater; stage 2, persistent albuminuria with eGFR of 60 to
9 mL/min/1.73 m2; stage 3, eGFR of 30 to 59 mL/min/1.73
2; and stage 4, eGFR of 15 to 29 mL/min/1.73 m2.
Estimation of the proportion of individuals with CKD

tage 3 eligible for referral to a nephrologist followed the
riteria proposed in the KDOQI hypertension guidelines.19

sing these guidelines, all individuals with eGFR less than
0 mL/min/1.73 m2 would be recommended for referral.
ndividuals with eGFR of 30 mL/min/1.73 m2 or greater
ould be referred based on any of the following indications
f increased risk of CKD progression: (1) presence of
acroalbuminuria, (2) type 2 diabetes with microalbumin-

ria, (3) diabetic retinopathy, (4) hyperkalemia (serum potas-
ium � 5.5 mEq/L), and (5) resistant hypertension. For this
nalysis, resistant hypertension was defined as systolic blood
ressure greater than 130 mm Hg or diastolic blood pressure
reater than 80 mm Hg while using 3 or more antihyperten-
ive medications. This analysis excluded women who were
regnant or in menses and was limited to NHANES III
ecause this was the only survey with data for retinopathy.
Given the complex survey design and oversampling of

ertain subgroups, statistical analyses were performed using
ampling weights to obtain unbiased estimates of CKD
revalence using Stata, version 8.2 (StataCorp, College
tation, TX). SEs for all estimates were obtained by using

he Taylor series (linearization) method following NHANES-
ecommended procedures and weights.14-16 Multivariable
ogistic regression was used to compare albuminuria and
GFR less than 60 mL/min/1.73 m2 in NHANES 1999-2004
ith NHANES III. Demographic variables (age, sex, and

ace), body mass index (BMI), and diagnosed diabetes and
ypertension were entered in the model to assess the amount
y which changes in these CKD risk factors would account
or any increase in CKD prevalence. Information about age,
ex, race/ethnicity, and smoking was based on self-report
uring the survey interview. Hypertension and diabetes were
efined by self-report of physician diagnosis. Height and
eight were measured during NHANES examinations and
sed to calculate BMI (kg/m2). A sensitivity analysis (conser-
ative trends analysis) was performed by adding 0.04 mg/dL
o serum creatinine levels in NHANES III so that the mean
evel in a young healthy subgroup was identical to NHANES
999-2004. The aim of this analysis is to determine whether
difference in mean serum creatinine levels between the

urveys, potentially caused by residual laboratory calibra-
ion difference, might account for the changes in prevalence
f CKD.

RESULTS

NHANES III included 15,488 participants and
HANES rounds 1999-2004 included 13,233
articipants older than 20 years with serum creat-
nine measurements. During the period between
he surveys, the US population became older and

ncluded a smaller proportion of non-Hispanic t
hites (Table 1). The shift in age distribution
as less pronounced at older than 60 years, at
hich time CKD is more common. At the same

ime, the prevalence of self-reported diabetes
nd hypertension increased, as did mean BMI
nd proportion of the population that is over-
eight and obese, all risk factors for CKD. Mean

lbuminuria increased across the surveys, but
ean ACR was not different in young healthy

ndividuals (12.2 mg/g in 1988-1994 and 12.3
g/g in 1999-2004). Mean serum creatinine level
as higher in 1999-2004 compared with 1988-
994, corresponding to a lower mean eGFR in
999-2004. The conservative trends analysis that
dded 0.04 mg/dL to the serum creatinine level
n NHANES III resulted in nearly identical mean
erum creatinine levels and mean eGFRs across
urveys.

The proportion of the US population with
ild, moderate, or severely decreased eGFRs

ncreased from 1988-1994 to 1999-2004. The
ombined prevalence estimate for 1999-2004
ad precision similar to the 1988-1994 estimate,
hereas prevalence estimates from each of the

hree 2-year surveys had relatively wide confi-
ence intervals (CIs; Fig 1). Moderately de-
reased GFRs increased in prevalence from 5.4%
o 7.7% (P � 0.001), and severely decreased
FRs increased from 0.21% to 0.35% (P �
.02). Similarly, the proportion of the overall
opulation with microalbuminuria on a single
ccasion increased from 7.1% to 8.2% (P �
.01). The prevalence of macroalbuminuria in-
reased from 1.1% to 1.3%, but this difference
as well within the limits of random variation

P � 0.4). Subdividing the prevalence of albumin-
ria by different levels of eGFR showed that the
revalence of microalbuminuria increased signifi-
antly in individuals with normal eGFR, whereas
ll other subgroups showed no significant in-
rease or decrease in albuminuria.11

The prevalence estimate for each stage of
KD was higher in 1999-2004 than in 1988-
994, and the difference was statistically signifi-
ant for CKD stages 2 to 4 and overall (Table 2).
tratified analyses by sex and race showed simi-

ar trends. The overall prevalences of CKD in
988-1994 and 1999-2004 in men were 8.2%
nd 11.1%. In women, they were 12.1% and
5.0%. By ethnicity, the change was from 10.5%

o 13.8% in non-Hispanic whites, 10.2% to 11.7%
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n non-Hispanic blacks, and 6.3% to 8.0% in
exican Americans. After age adjustment, preva-

ence odds ratios (ORs) for eGFR less than 60
L/min/1.73 m2 between 1999-2004 and 1988-

994 were of similar magnitude (1.4 to 1.5) and
tatistically significant in men, women, non-
ispanic whites, non-Hispanic blacks, and Mexi-

an Americans. The association was weaker in
he smaller number of individuals of other ethnic-
ty. Trends over time also were similar within age

Table 1. Population Characteristics of US Adults
and

NHAN

No. of Participant

ean age (y) 15,488
ge group (y)
20-39 (%) 6,367
40-59 (%) 4,194
60-69 (%) 2,174
�70 (%) 2,753

ex
Women (%) 8,214
Men (%) 7,274
ace
Non-Hispanic white (%) 6,450
Non-Hispanic black (%) 4,168
Mexican American (%) 4,250
Other (%) 620

iabetes, self-report (%) 1,266
ypertension, diagnosed (%) 4,211
ean BMI (kg/m2) 15,453
MI group (kg/m2)
�25 (%) 6,073
25-29.99 (%) 5,435
�30 (%) 3,945

idney function (GFR; mL/min/1.73 m2)
Normal, �90 (%) 8,600
Mildly reduced, 60-89 (%) 5,751
Moderately reduced, 30-59 (%) 1,088
Severely reduced, 15-29 (%) 49

lbuminuria (ACR), mg/g‡
Normal, ACR �30 (%) 12,655
Microalbuminuria, ACR 30-299 (%) 1,353
Macroalbuminuria, ACR � 300 (%) 311

Note: Age-adjusted prevalence estimates for microalb
999-2004 age distribution in Table 1 are 7.2% and 1.2
g/mmol, �0.113; GFR in mL/min/1.73 m2 to mL/s/1.73 m
Abbreviations: ACR, albumin-creatinine ratio; BMI, body
ealth and Nutrition Examination Survey.
*P � 0.001 compared with 1988-1994.
†P � 0.05 compared with 1988-1994.
‡Women who were pregnant or in menses were exclude
Modified and reproduced with permission from Coresh et
ategories, indicating the trends were not caused m
y age differences in the population (data not
hown11).

Differences in prevalences of decreased GFR
nd albuminuria between 1988-1994 and 1999-
004 remain substantial after adjustment for
hanges in the age, sex, and race/ethnic composi-
ion of the US population during this period
Table 3). The greater prevalence of diagnosed
iabetes, hypertension, and greater BMI ex-
lained some of the greater prevalence. For albu-

20 Years or Older Based on NHANES 1988-1994
004

8-1994 NHANES 1999-2004

an or % SE No. of Participants Mean or % SE

44.8 0.5 13,233 46.2 0.3

45.7 1.0 4,714 39.4 0.8
31.7 0.6 3,921 38.3 0.7
11.4 0.5 2,015 10.5 0.4
11.2 0.7 2,583 11.9 0.4

52.2 0.5 6,925 51.8 0.4
47.9 0.5 6,308 48.2 0.4

76.9 1.3 6,764 72.6 1.7
10.3 0.6 2,477 10.5 1.0
5.1 0.4 3,009 7.3 0.9
7.7 0.8 983 9.6 1.2
5.4 0.3 1,278 6.8 0.3

23.8 0.7 4,120 27.1 0.8
26.6 0.1 12,857 28.1 0.1

44.5 0.9 4,083 34.4 0.6
33.1 0.6 4,640 34.8 0.7
22.3 0.7 4,134 30.8 0.7

51.9 1.1 5,891 40.7* 1.0
42.4 1.0 5,946 51.2* 0.8

5.4 0.3 13,16 7.7* 0.3
0.21 0.03 80 0.35† 0.05

91.8 0.4 10,636 90.5† 0.3
7.1 0.4 1,315 8.2† 0.3
1.1 0.1 265 1.3 0.1

ia and macroalbuminuria in 1988-1994 adjusted to the
pectively. Conversion factors for units: ACR in mg/g to
1667.
index; GFR, glomerular filtration rate; NHANES, National
Aged
1999-2

ES 198
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2, �0.0
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d.
inuria trends, the greater prevalence was partly
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Castro and CoreshS50
xplained by the older age and high proportion of
inority groups (OR decreased from 1.18 to

.12 after adjustment). Further adjustment for
he greater prevalence of diagnosed diabetes and
ypertension and greater BMI explained practi-
ally all the difference (OR decreased to 1.03). In
he fully adjusted models, the prevalence of
lbuminuria was strongly associated with diag-
osed diabetes (OR, 3.58; 95% CI, 3.12 to 4.12)
nd hypertension (OR, 1.70; 95% CI, 1.1 to
.92), as well as older age, and all race-ethnicity
roups other than non-Hispanic white (P �

0.0%

2.0%

4.0%

6.0%

8.0%

10.0%

1990 1995 2000 2005

Survey Midpoint Year

C
K

D
 S

ta
ge

 3
-4

 P
re

va
le

nc
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 %

Figure 1. Trends in the prevalence of chronic kidney
isease (CKD) stages 3 and 4 between National Health
nd Nutrition Examination Surveys (NHANES) 1988-1994
nd 1999-2004 (full squares), as well as the 3-component
urveys for the later NHANES (empty squares for 1999-
000, 2001-2002, and 2003-2004). Error bars denote 95%
onfidence intervals.

Table 2. Prevalence of CKD Stages in US Adults A
NHANE

NHANES
1988-2004

NHAN
1999-1

CKD Stage
Prevalence,
% (95% CI)

Prevale
% (95%

1 1.71 (1.28-2.18) 1.78 (1.3
2 2.70 (2.17-3.24) 3.24 (2.6
3 5.42 (4.89-5.95) 7.69 (7.0
4 0.21 (0.15-0.27) 0.35 (0.2
5 NA NA

Total 10.0 (9.2-10.9) 13.1 (12.

Note: CKD stages are defined based on standard criter
han 90 mL/min/1.73 m2; stage 2, persistent albuminuria w
L/min/1.73 m2; and stage 4, GFR of 15 to 29 mL/min/1.73
988-1994 adjusted to the 1999-2004 age distribution in
onversion factor: GFR in mL/min/1.73 m2 to mL/s/1.73 m2

Abbreviations: CKD, chronic kidney disease; CI, confide
ealth and Nutrition Examination Survey; NA, not available

Modified and reproduced with permission from Coresh et al.11
.001), but not greater BMI (P � 0.1). The
revalence OR of estimated GFR less than 60
L/min/1.73 m2 in 1999-2004 compared with

988-1994 was 1.47. Age adjustment had little
mpact, likely because the increase in number of
lder individuals was offset by a similar increase
n number of younger individuals, leading the
ercentage of individuals 60 years and older to
emain relatively unchanged (Table 1). The preva-
ence OR increased further to 1.53 after adjust-
ent for age, sex, and race because of the lower

revalence of decreased GFR in minority groups.
he OR decreased to 1.43 with additional adjust-
ent for diagnosed diabetes and hypertension

nd BMI. In the fully adjusted model, the preva-
ence of low GFR was associated strongly with
iagnosed diabetes (OR, 1.54; 95% CI, 1.28 to
.80) and hypertension (OR, 1.98; 95% CI, 1.73
o 2.67), as well as greater BMI (OR, 1.08; 95%
I, 1.02 to 1.15 per 5 kg/m2) and older age, but
as lower in men, non-Hispanic blacks, and
exican Americans compared with non-His-

anic whites (P � 0.001).
The conservative trends analysis showed that

he difference in mean serum creatinine levels
etween surveys accounts for much, but possibly
ot all, of the greater prevalence of lower GFRs
n 1999-2004. In this analysis, the prevalence of
KD in 1988-1994 was greater (1.5%, 2.8%,
.7%, and 0.23% for CKD stages 1 to 4, for a

Years or Older Based on NHANES 1988-1994 and
-2004

Prevalence Ratio
1999-2004/1988-1994

Estimated Number in
United States in 2000

Ratio
(95% CI)

No. in Millions
(95% CI)

) 1.05 (0.85-1.30) 3.6 (2.7-4.5)
) 1.21 (1.03-1.41) 6.5 (5.2-7.8)
) 1.42 (1.25-1.62) 15.5 (14.1-16.8)
) 1.70 (1.11-2.51) 0.7 (0.5-0.9)

NA NA
) 1.30 (1.19-1.43) 26.3 (24.2-28.3)

follows: stage 1, persistent albuminuria with GFR greater
R of 60 to 89 mL/min/1.73 m2; stage 3, GFR of 30 to 59

he age-adjusted prevalence rates for CKD stages 1 to 4 in
1 are 1.7%, 2.8%, 5.6%, and 0.2% for a total of 10.3%.
1667.
terval; GFR, glomerular filtration rate; NHANES, National
ged 20
S 1999

ES
994

nce,
CI)

5-2.25
1-3.88
2-8.36
5-0.45

4-14.1

ia1 as
ith GF
m2. T

Table
, �0.0
nce in
.
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otal of 11.3%). The prevalence OR of eGFR less
han 60 mL/min/1.73 m2 comparing 1999-2004
ith 1988-1994 was 1.17 (95% CI, 1.02 to 1.34).
fter full adjustment in the conservative trends

nalysis, the prevalence OR of decreased GFR
etween surveys was 1.08 (95% CI, 0.94 to
.24), indicating that the differences in mean
erum creatinine levels, demographics, diag-
osed diabetes, hypertension, and BMI between
urveys explain nearly all the difference in preva-
ence of low GFR between 1988-1994 and 1999-
004 (P � 0.3).
Because CKD stage 3 includes a large number

f individuals, we examined the distribution of
ndividuals in this stage across different charac-
eristics (Table 4). As expected, the majority of
ndividuals had a greater eGFR (45 to 59 mL/min/
.73 m2 included 78.8% of all individuals with
KD stage 3, adding percentages across sex,
ge, and albuminuria categories). In addition,
1.5% of all individuals with CKD stage 3 had
n eGFR of 45 to 59 mL/min/1.73 m2 with no
vidence of albuminuria. Table 4 also lists the
istribution of albuminuria, with 25.7% of CKD
tage 3 individuals with and 74.3% without albu-
inuria, and age, in which 22.1%, 22.7%, and

5.2% were aged 59 or younger, 60 to 69, and 70

Table 3. Logistic Regression of Albuminuria and Decr
Before and

OR

lbuminuria in 1999-2004 v 1988-1994
Unadjusted 1.18
Adjusted for age 1.15
Plus sex and race 1.12
Plus diagnosed diabetes and hypertension 1.06
Plus body mass index 1.03

stimated GFR � 60 in 1999-2004 v 1988-1994
Unadjusted 1.47
Adjusted for age 1.50
Plus sex and race 1.53
Plus diagnosed diabetes and hypertension 1.45
Plus body mass index 1.43

Note: Plus indicates the addition of variables to the mode
onversion to mL/s/1.73 m2, �0.01667.
Abbreviations: CI, confidence interval; GFR, glomerular

ion Survey; OR, odds ratio.
*Serum creatinine levels in young healthy participants

djusted to be identical across surveys by adding 0.04 mg/
Modified and reproduced with permission from Coresh et
ears and older, respectively. A total of 16.6% of s
ndividuals with CKD stage 3 had previously
iagnosed diabetes, and slightly less than half
hese had evidence of albuminuria (7.5% of all
ndividuals with stage 3).

An analysis estimating the proportion of indi-
iduals with CKD stage 3 who would be eligible
or referral to a nephrologist using 1 proposed
eferral recommendation suggested that 18.6%
f individuals should be referred to a nephrolo-
ist, whereas the other 81.4% could be managed
y their internists (Table 5). Under this scenario,
he largest proportion of referrals in patients with
KD stage 3 was caused by macroalbuminuria,

ype 2 diabetes with the presence of albuminuria, or
iabetic retinopathy. Independently of other criteria
or referral, macroalbuminuria accounted for
0.5% � 4.0% of referrals; type 2 diabetes with
lbuminuria, 32.9% � 5.6%; and diabetic retinopa-
hy, 23.1% � 4.5%. Hyperkalemia (0.5% � 0.3%)
nd resistant hypertension (11.5% � 4.2%) ac-
ounted for less, and 11.5% of individuals would
e referred for more than 1 criterion. The sug-
ested referral rate was lower for whites than
ther groups because of a lower rate of albumin-
ria and diabetes (Table 6). However, retinopa-
hy data are limited to NHANES III, making
any of the specific referral groups relatively

Estimated GFR Comparing 1999-2004 With 1988-1994
djustment

Trends Conservative Trends Analysis*

5% CI P OR 95% CI P

3-1.34 0.01
0-1.32 0.05
9-1.28 0.08
3-1.21 0.4
0-1.18 0.6

7-1.69 0.000 1.17 1.02-1.34 0.03
1-1.73 0.000 1.13 0.99-1.30 0.07
3-1.76 0.000 1.15 1.00-1.32 0.05
7-1.67 0.000 1.10 0.96-1.26 0.2
4-1.63 0.000 1.08 0.94-1.24 0.3

revious row. GFR expressed in mL/min/1.73 m2; factor for

n rate; NHANES, National Health and Nutrition Examina-

0 to 39 years without diabetes and hypertension) were
rum creatinine levels in NHANES 1988-1994.
eased
After A

9

1.0
1.0
0.9
0.9
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1.3
1.3
1.2
1.2

l in the p

filtratio

(age 2
dL to se
mall and estimated rates imprecise.



l
l
n
i
i
p
t
o
m
T
c
t

t
i
4
b

t
G
v
i
t
t
t
s
c
l
b
p
r
t
t
i
d
D

A

A

A

T

i
m

E

Castro and CoreshS52
DISCUSSION

In summary, the NHANES provide an excel-
ent source for tracking trends in the total preva-
ence of CKD, including diagnosed and undiag-
osed cases. The most recent data suggest an
ncreasing prevalence of all stages of CKD, which
s at least partly explained by an increase in
revalences of obesity, diagnosed diabetes, and
reated hypertension. Estimating the magnitude
f the increase is sensitive to small differences in
ean values of serum creatinine across surveys.
hus, continued efforts to standardize serum
reatinine and assess drift in calibration over
ime are central to any surveillance activity.

Surveillance for CKD should acknowledge
hat stages 1 to 5 differ markedly in their sever-
ty, as well as prevalence. The most severe stages

and 5 have the lowest prevalence. However,

Table 4. Distribution of Individuals With Chronic K
mL/min/1.73 m2, Age, Sex, Presence of Albuminuria, a

Sex

Women

% SE %

ge � 60 y
GFR 45-59 mL/min/1.73 m2

Normal, ACR � 30 mg/g 10.6 1.1 6
Albuminuria, ACR � 30 mg/g 1.7 0.3 1

GFR 30-44 mL/min/1.73 m2

Normal, ACR � 30 mg/g 0.9* 0.3 0
Albuminuria, ACR � 30 0.5* 0.3 0

ge 60-69 y
GFR 45-59 mL/min/1.73 m2

Normal, ACR � 30 mg/g 9.6 0.8 5
Albuminuria, ACR � 30 mg/g 2.3* 0.5 1

GFR 30-44 mL/min/1.73 m2

Normal, ACR � 30 mg/g 1.2 0.2 0
Albuminuria, ACR � 30 mg/g 0.7* 0.2 0

ge �70 y
GFR 45-59 mL/min/1.73 m2

Normal, ACR � 30 mg/g 19.0 1.2 10
Albuminuria, ACR � 30 mg/g 5.7 0.5 4

GFR 30-44 mL/min/1.73 m2

Normal, ACR � 30 mg/g 6.6 0.7 2
Albuminuria, ACR � 30 mg/g 3.6 0.5 2

otal 62.4 1.3 37

Note: Percentages were calculated using survey weights
ndividuals with CKD stage 3). Women who were pregnant

g/g to mg/mmol, �0.113; GFR in mL/min/1.73 m2 to mL/s
Abbreviations: GFR, glomerular filtration rate; ACR, al

xamination Survey.
*Estimates with low precision (SE � 20% of estimate).
ecause they have the greatest rates of complica- 2
ions and medical costs, tracking them is vital.
iven their low prevalence (�0.3% each), indi-
iduals with these stages are not well represented
n population-based surveys. It also is a concern
hat these individuals may have clinical symp-
oms and may be less likely to volunteer or come
o an examination. Thus, alternative methods of
urveillance for CKD stages 4 and 5 should be
onsidered. We should look beyond the estab-
ished surveillance for treated ESRD, which com-
ines the presence of kidney failure with the
atient being offered and deciding to accept renal
eplacement therapy. Large health care organiza-
ion and laboratory chains could be a useful way
o track individuals with severe CKD, although
nferences will be complicated by the nonran-
om nature of participation in these systems.
ata from the Department of Veterans Affairs for

Disease Stage 3 by Estimated GFR Less Than 45
betes: Combined NHANES 1988-1994 and 1999-2004

Diagnosed Diabetes

TotalYes No

SE % SE % SE % SE

1.0 1.2* 0.4 15.5 1.5 16.7 1.6
0.5 0.8* 0.4 2.4* 0.5 3.2 0.6

0.1 0.3* 0.2 0.8* 0.3 1.1* 0.4
0.2 0.5* 0.2 0.7* 0.2 1.2* 0.3

0.6 2.5 0.4 13.0 0.8 15.6 0.9
0.3 1.4* 0.4 2.2 0.4 3.6 0.6

0.3 0.3* 0.1 1.8* 0.4 2.1 0.3
0.2 0.7* 0.2 0.8* 0.2 1.4* 0.3

0.6 3.4 0.4 26.0 1.2 29.4 1.2
0.5 2.6 0.4 7.8 0.7 10.4 0.7

0.3 1.4* 0.4 8.1 0.6 9.5 0.7
0.3 1.5 0.3 4.3 0.5 5.9 0.6
1.3 16.6 1.2 83.4 1.2 100

d up to 100% across all cells in the main columns (N � 272
enses were excluded. Conversion factors for units: ACR in

2, �0.01667.
creatinine ratio; NHANES, National Health and Nutrition
idney
nd Dia

Men

.1

.5*

.2*

.7*

.9

.3*

.9*

.7*

.4

.7

.8

.3

.6

and ad
or in m
/1.73 m
bumin-
.6 million veterans aged 18 to 100 years with at
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east 1 outpatient serum creatinine measurement
ndicated that 5,300 (0.2%) had an eGFR less
han 15 mL/min/1.73 m2 without being on dialy-
is therapy, whereas 14,637 (0.6%) were treated

Table 5. Proportion of Individuals With CKD Stage 3
Nephrologist by Age, Sex, Race, a

CKD Stage 3

No. of Participants %

verall 1,021 100.0
ge (y)
�60 119 18.5
60-69 235 27.1
�70 667 54.4

ex
Women 567 62.8
Men 454 37.2
ace
White 708 87.2
Black 174 6.4
Hispanic 106 1.4
Other 33 5.0
iabetes
No 833 84.8
Yes 187 15.2

Note: Proposed criteria19 for referral include ACR greate
iabetic retinopathy, hyperkalemia, or resistant hyperten
vailability of data for retinopathy. Women who were pregn
Abbreviations: ACR, albumin-creatinine ratio; CKD, ch

xamination Survey.
*Estimates with low precision (SE � 20% of estimate).

Table 6. Proportion of Individuals With CKD Stage 3 A
by Race: NH

White

No. of
Participants %

ot Referred 596 83.1
eferred 112 16.9
Reason for referral:

Macroalbuminuria 28 3.3*
Diabetes with microalbuminuria 34 5.1*
Retinopathy 23 4.4*
Hyperkalemia 2 0.1*
Resistant hypertension 12 2.3*
Diabetes with microalbuminuria

& retinopathy 10 1.7*
Macroalbuminuria & retinopathy 2 0.1*
Multiple other 1 0.1*

Note: Only NHANES 1988-1994 used due to availability
ere excluded.
Abbreviations: CKD, chronic kidney disease; NHANES, N

*Estimates with low precision (SE � 20% of estimate).
or ESRD.20 The time spent in stage 5 CKD
ithout treatment is relatively short because the

nnual ESRD incidence is 70% to 80% for veter-
ns younger than 65 years and 29% after age 85

hether They Meet Proposed Criteria for Referral to a
betes Status: NHANES 1988-1994

Meet a Proposed Set of Criteria for Referral to a
Nephrologist

No. of Participants % SE

217 18.6 1.6

30 16.9 3.5
67 21.5 3.6

120 17.6 2.0

113 18.3 2.2
104 19.0 2.9

112 16.9 1.6
57 32.9 3.7
41 35.2 5.8
7 23.6* 12.4

100 10.4 1.5
117 64.6 5.1

00 mg/g, type 2 diabetes with ACR greater than 30 mg/g,
Only NHANES 1988-1994 data were used because of
n menses were excluded.
idney disease; NHANES, National Health and Nutrition

ng to Proposed Criteria for Referral to a Nephrologist
1988-1994

Black Mexican American

No. of
Participants % SE

No. of
Participants % SE

117 67.1 3.7 65 64.8 5.8
57 32.9 3.7 41 35.2 5.8

11 7.6* 2.8 11 11.9* 4.5
21 11.9 2.3 9 6.7* 3.2
12 6.7* 1.7 5 4.2* 1.8
0 0.0 0.0 0 0.0 0.0
4 2.2* 1.1 0 0.0 0.0

5 3.0* 1.4 11 6.3* 2.1
2 0.9* 0.6 1 1.1* 1.1
2 0.6* 0.5 4 5.0* 3.4

for retinopathy. Women who were pregnant or in menses

l Health and Nutrition Examination Survey.
and W
nd Dia

r than 3
sion.

ant or i
ronic k
ccordi
ANES

SE

1.65
1.65

0.7
1.3
1.1
0.1
1.0

0.4
0.1
0.1

of data

ationa
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ears. Conversely, mortality rates increased from
% at younger than 44 years to 49% after the age
f 85 years.21

Population-based surveys can be very useful
or patients with CKD stages 1 to 3 and, with
arge surveys, CKD stage 4. However, within
hese stages, it would be useful to also track the
istribution of albuminuria and other markers of
everity and likelihood of complications and
rogression. For example, although the preva-
ence of CKD stage 3 based on NHANES 1988-
994 and 1999-2004 increased from 5.4% to
.7%, the estimated proportion of these individu-
ls with albuminuria decreased somewhat. Thus,
he proportion of the population with both mod-
rately decreased GFR and albuminuria in-
reased from 1.5% to 1.9% (calculated from
able 2 of Coresh et al11).
It is useful to evaluate criteria for potential

ction, as well as the evidence for these criteria.
e evaluated a set of proposed criteria for refer-

al to a nephrologist that suggest that although all
atients with CKD stages 4 and 5 (n � 1.1
illion) should see a nephrologist, only 18.6%

f individuals with stage 3 (n � 2.9 million)
hould be referred. Concerning individuals with
GFR greater than 60 mL/min/1.73 m2 and albu-
inuria, 30.8% (n � 3.0 million) should be

eferred, a majority of these because of the pres-
nce of macroalbuminuria (69.2% � 2.3%), al-
hough these estimates do not incorporate persis-
ence data. Additional studies evaluating the
vidence for such criteria and the impact of such
eferral are needed. However, initial estimates
an be useful to assess the potential impact of
ecommendations, policies, or ad hoc practice
atterns.
In summary, laboratory evaluation combined

ith rigorous survey methods is central to the
urveillance of CKD. Although a flattening in the
ge-adjusted rates of treated ESRD is reassuring,
t is counteracted by an aging population and
onger survival on dialysis therapy, which in-
rease the number of individuals treated for
SRD. It is important to also track patients with
ntreated kidney failure (CKD stage 5), as well
s those with undiagnosed CKD. The most re-
ent data suggest that the obesity epidemic is
eading to an increase in the prevalence of albu-
inuria and decreased kidney function (CKD
tages 1 to 4). Surveillance of these trends in the fi
uture is important to better understand this popu-
ation at risk of a wide range of complications.
urveillance efforts also should focus on defin-

ng meaningful subgroups of patients with CKD
y their need for services (referral to specialists),
isk of different complications, and potential
enefit from different therapies.
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