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The incidence of kidney failure treatment in the United States increased 57% from 1991 to 2000. Chronic kidney disease (CKD)
prevalence was 11% among U.S. adults surveyed in 1988 to 1994. The objective of this study was to estimate awareness of CKD
in the U.S. population during 1999 to 2000 and to determine whether the prevalence of CKD in the United States increased
compared with 1988 to 1994. Analysis was conducted of nationally representative samples of noninstitutionalized adults, aged
20 yr and older, in two National Health and Nutrition Examination Surveys conducted in 1988 to 1994 (n = 15,488) and 1999
to 2000 (n = 4101) for prevalence * SE. Awareness of CKD is self-reported. Kidney function (GFR), kidney damage
(microalbuminuria or greater), and stages of CKD (GFR and albuminuria) were estimated from calibrated serum creatinine,
spot urine albumin to creatinine ratio (ACR), age, gender, and race. GFR was estimated using the simplified Modification of
Diet in Renal Disease Study equation. Self-reported awareness of weak or failing kidneys in 1999 to 2000 was strongly
associated with decreased kidney function and albuminuria but was low even in the presence of both conditions. Only 24.3 =
6.4% of patients at GFR 15 to 59 ml/min per 1.73 m? and albuminuria were aware of CKD compared with 1.1 = 0.3% at GFR
of 90 ml/min per 1.73 m? or greater and no microalbuminuria. At moderately decreased kidney function (GFR 30 to 59 ml/min
per 1.73 m?), awareness was much lower among women than men (2.9 =+ 1.6 versus 17.9 + 5.9%; P = 0.008). The prevalence of
moderately or severely decreased kidney function (GFR 15 to 59 ml/min per 1.73 m?) remained stable over the past decade
(4.4 = 0.3% in 1988 to 1994 and 3.8 = 0.4% in 1999 to 2000; P = 0.23). At the same time, the prevalence of albuminuria (ACR =
30 mg/g) in single spot urine increased from 8.2 = 0.4% to 10.1 % 0.7% (P = 0.01). Overall CKD prevalence was similar in both
surveys (9% using ACR > 30 mg/g for persistent microalbuminuria; 11% in 1988 to 1994 and 12% in 1999 to 2000 using
gender-specific ACR cutoffs). Despite a high prevalence, CKD awareness in the U.S. population is low. In contrast to the

dramatic increase in treated kidney failure, overall CKD prevalence in the U.S. population has been relatively stable.
y 2010, estimates project that 650,000 individuals will
require treatment for chronic kidney failure (1,2), a 60%
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B increase from the 406,000 who received such treatment

in 2001 (2). From 1991 to 2000, the prevalence of ESRD treat-
ment grew by 97% and the incidence increased by 57%. The
increase in ESRD incidence could have resulted from increases
in the pool of patients with chronic kidney disease (CKD),
increases in the rate of their disease progression, decreases in
competing mortality, and/or increasing treatment availability.
This article quantifies the pool of CKD patients in 1999 to 2000
and compares it with that in 1988 to 1994. In addition, the level
of awareness of “weak or failing kidneys” is documented by the
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presence or absence of markers of CKD (kidney function and
albuminuria).

Estimates based on the Third National Health and Nutrition
Examination Survey (NHANES III; conducted from 1988 to
1994) suggest that 11% of U.S. adults had CKD and 4% of adults
had decreased kidney function (3-5). In Medicare billing data
(2), CKD was diagnosed in 1.2 million older adults in 2002,
substantially fewer than the 7 million adults over the age of 65
with decreased kidney function and CKD based on NHANES
III (4). CKD is associated with a two- to threefold higher risk of
death, in addition to a higher risk of requiring dialysis and
developing congestive heart failure or other cardiovascular
event (6). Despite this higher risk, preventative care including
lipid monitoring and glycemic monitoring among individuals
with diabetes was no higher among Medicare patients with
CKD than in patients without CKD (2,6). Chart review of pa-
tient populations also suggests that CKD is often undiagnosed,
and complications of later stages of CKD are often untreated
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(7-9). It is also unknown how often adults with CKD are aware
that they have kidney disease even though patient and physi-
cian education is a major goal of the National Kidney Disease
Education Program (www.nkdep.nih.gov).

Materials and Methods

The NHANES, conducted by the National Center for Health Statis-
tics, provide representative samples of civilian noninstitutionalized
U.S. residents for examining disease prevalence and trends over time.
Standardized interviews were conducted in the participant’s home,
followed by a detailed physical examination, blood collection, and
urine collection at a mobile examination center (MEC). Participants
gave informed consent, and procedures were approved by an institu-
tional review board. This analysis examines data from NHANES 1999
to 2000 and NHANES 1II, 1988 to 1994, whose procedures have been
described in detail (10-13).

Measurements

BP was measured during the home interview and in the MEC in
NHANES III and in the MEC only in NHANES 1999 to 2000. The
arithmetic averages of all available diastolic and systolic measurements
were used. A random spot urine sample was obtained from MEC-
examined participants, using a clean-catch technique and sterile con-
tainers, and frozen nonhematuric specimens were analyzed (10,14).
Urine albumin and creatinine concentrations were measured in the
same laboratory during both surveys: albumin was measured by solid-
phase fluorescence immunoassay, and urine creatinine was measured
by the modified kinetic method of Jaffe using a Beckman Coulter
Synchron AS/Astra Analyzer. Serum creatinine was measured by the
modified kinetic method of Jaffe using a Roche Hitachi 737 analyzer in
the 1988 to 1994 survey and using a Hitachi 917 analyzer in the 1999 to
2000 survey (10,15).

Definitions

The CKD stages are those provided by the Kidney Disease Outcomes
Quality Initiative (3). Participant demographics are based on self-re-
ported age and race/ethnicity elicited during the NHANES interviews.
Those who responded “yes” to the question, “Have you ever been told
by a doctor or other health professional that you had weak or failing
kidneys (excluding kidney stones, bladder infections, or inconti-
nence)?” were defined as aware of kidney disease. Participants who
responded “yes” to the question, “Have you ever been told by a doctor
or other health professional that you had diabetes or sugar diabetes?”
were defined as having diabetes. Hypertension was defined as present
when either one of two criteria applied: (1) the participant self-reported
a previous doctor diagnosis of hypertension and was currently taking
prescription medication for the condition, or (2) the participant had
average systolic pressure = 140 mmHg or average diastolic pressure =
90 mmHg.

Urinary albumin-to-creatinine ratio (ACR) was computed and is
reported in milligrams per gram. Microalbuminuria is defined as an
ACR of 30 to < 300 mg/g. Participants with ACR = 300 mg/g were
defined as having macroalbuminuria. These definitions are consistent
with consensus endorsements for determining abnormal levels of al-
bumin excretion in random spot urine collections (16,17). Gender-
specific ranges for microalbuminuria and macroalbuminuria that ac-
count for higher creatinine excretion in men than women were also
used in calculating the prevalence of CKD stages 1 and 2 (3,4,18).

Kidney function was assessed by estimating GFR with the simplified
Modification of Diet in Renal Disease Study (MDRD) prediction equa-
tion (3). Specifically, estimated GFR = 186.3 X (serum creatinine in
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mg/dl)~"%* X age %% x (0.742 if female) X (1.21 if black). Before use
in the formula, the value of 0.13 was added to the reported serum
creatinine concentration for NHANES 1999 to 2000 participants and the
value of 0.23 was subtracted from the reported serum creatinine con-
centration for NHANES 1988 to 1994 participants. These serum creat-
inine adjustments align the NHANES measures with the creatinine
assays used in the development of the MDRD equation (19). Estimated
GFR is reported in ml/min per 1.73 m? Values that exceeded 200
ml/min per 1.73 m? were truncated at that level, and individuals with
values <60 ml/min per 1.73 m? are characterized as having decreased
kidney function.

Statistical Analyses

This study is limited to MEC-examined participants who were aged
20 yr and older and had measures of estimated GFR = 15 ml/min per
1.73 m? (n = 15,488 in NHANES Il and n = 4101 in NHANES 1999 to
2000). Adults with insufficient data to estimate GFR (6% in 1988 to 1994
and 7% in 1999 to 2000) were excluded. Strata for the presentation of
statistics include gender (male or female), age group (20 to 39, 40 to 59,
60 to 69, or 70+ years), race/ethnicity (non-Hispanic white, non-His-
panic black, Mexican American, or other), diagnosed diabetes (yes or
no), and hypertension status (on medication, not taking medication but
with high BP, or no evidence of hypertension).

Estimated kidney function was classified into four categories (GFR 15
to 29, 30 to 59, 60 to 89, and 90+ ml/min per 1.73 m?), and prevalence
statistics for each GFR level were computed for the overall population,
as well as for each strata variable. Severely and moderately decreased
kidney functions are often combined to provide a single, more precise
estimate of decreased kidney function (GFR 15 to 59 ml/min per 1.73
m?). Similarly, the prevalence of ACR levels (< 30, 30 to 299, = 300
mg/g) in the overall population and for all strata variables were com-
puted, excluding people with missing ACR data and women who were
pregnant or in menses. Inferences were based on comparisons of 95%
confidence interval (CI) estimates, and P < 0.05 was considered statis-
tically significant.

All prevalence estimates and percentiles of the distribution of GFR by
age were computed using sampling weights provided by National
Center for Health Statistics, and SE were computed in accordance with
recommended procedures for NHANES 1999 to 2000 including the
delete 1 jackknife method (11,20). The weights account for differential
nonresponse and probability of selection. Thus, the results apply to the
civilian noninstitutionalized U.S. population. NHANES 1988 to 1994
estimates best represent the survey midpoint, October 1991. Analyses
were performed using SUDAAN software (RTI, Research Triangle
Park, NC) for the analysis of complex survey data.

Population estimates of the percentage affected by CKD were com-
puted separately for each of four stages of CKD, defined in accordance
with the National Kidney Foundation classification system (3) and
summed. The algorithms for calculating percentages (PCT) in each
group were: PCT(stage 4) = PCT(GFR 15 to 29); PCT(stage 3) = PCT-
(GFR 30 to 59): PCT(stage 2) = PCT(ACR = 300 | GFR 60 to 89) X PCT(GFR
60 to 89) + (0.75) X PCT(ACR 30 to 299 | GFR 60 to 89) X PCT(GFR 60 to
89); PCT(stage 1) = PCT(ACR = 300 | GFR 90+) X PCT(GFR90+) +
(0.509) x PCT(ACR 30 to 299 | GFR 90+) X PCT(GFR90+). The
multiplying constants, 0.75 and 0.509, represent assumed levels of
persistent microalbuminuria (30 to 299 mg/g) and were derived
from repeat measures in a subset of NHANES 1988 to 1994 partici-
pants using similar methods to previous national estimates (4,10). CI
for CKD prevalence estimates and ratios that combine the sampling
variation of each number in the calculation, including the albumin-
uria persistence rates, were calculated using bootstrapping methods
implemented in Stata (Stata Corp., College Station, TX).
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Results
Awareness of Kidney Disease

Overall, 2.0% (95% CI 1.4 to 2.6) of the population of adults
20 yr of age or older in 1999 to 2000 self-reported a history of
weak or failing kidneys. Awareness was higher at lower kidney
function and higher albuminuria, supporting the validity of the
awareness question (Figure 1). Fewer than one fifth (18.6 =
6.3%) of adults with both moderately decreased kidney func-
tion (30 to 59 ml/min per 1.73 m? and albuminuria (>30
mg/g) reported previous knowledge/diagnosis of weak or
failing kidneys; awareness increased only to 24.3 = 6.4% for
individuals with a GFR of 15 to 59 ml/min per 1.73 m? and
albuminuria (only nine survey participants with awareness
data had GFR of 15 to 30 ml/min per 1.73 m?, and all had ACR
>30 mg/g). Awareness for all individuals with moderately
decreased kidney function was less than one tenth (8.2 *+ 2.3%
for GFR 30 to 59 ml/min per 1.73 m? CKD stage 3). In this
group, awareness levels were significantly lower in women
compared with similarly affected men (2.9 + 1.6 versus 17.9 *
5.9%, respectively; P = 0.008). Women with moderately de-
creased kidney function had lower mean serum creatinine than
men in the same category (1.2 versus 1.6 mg/dl; P < 0.001).

Prevalence of Kidney Function

Similar age-related declines in kidney function were ob-
served in both time periods (Figure 2). Median estimated GFR
(ml/min per 1.73 m?) declined between age 20 and 29 yr and
age 70+ yr from 107 (95% CI 106 to 108) to 72 (95% CI 71 to 73)
in 1999 to 2000 and from 113 (95% CI 112 to 114) to 75 (95% CI
73 to 77) in 1988 to 1994. The prevalence of different levels of
kidney function among U.S. adults during 1988 to 1994 and
1999 to 2000 is shown in Table 1. The overall prevalence of
mildly decreased kidney function (GFR 60 to 89 ml/min per
1.73 m?), which alone does not define CKD, significantly in-
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Figure 1. Proportion of individuals who were ever told that they
had weak or failing kidneys by the level of GFR (ml/min per
1.73 m?), elevated urinary albumin to creatinine ratio (ACR;
mg/g) and gender. P = 0.008 for comparison of men and
women with GFR of 30 to 59. Error bars indicate 95% confi-
dence intervals showing that the upper limit of all confidence
intervals is <32%, but only the estimate of 1.1% in GFR 90+
and ARC <30 meets the standards for statistical reliability
(relative SE <30%) .
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Figure 2. Percentiles of estimated GFR by age. National Health
and Nutrition Examination Survey (NHANES) 1999 to 2000
(squares) and NHANES III 1988 to 1994 (circles).

creased from 31.2% (95% CI 29.7 to 32.7) in 1988 to 1994 to
36.3% (95% CI 33.8 to 38.8) in 1999 to 2000. Remarkably, the
prevalence of decreased kidney function (GFR 15 to 59 ml/min
per 1.73 m?) did not change between the two time periods (4.4%
[95% CI 3.9 to 4.9] and 3.8% [95% CI 3.1 to 4.6], respectively).
Similar patterns were observed across gender, age, and race/
ethnicity groups.

In both surveys (Table 1), the prevalence of decreased kidney
function (GFR 15 to 59 ml/min per 1.73 m? was higher in
women than in men (4.8 £ 0.6 versus 2.8 = 0.4% in 1999 to 2000).
Non-Hispanic whites were more likely to have decreased kid-
ney function in both time periods (5.0 and 4.2%, 1988 to 1994
and 1999 to 2000, respectively) than non-Hispanic blacks (3.1
and 3.5%, 1988 to 1994 and 1999 to 2000, respectively) and
Mexican Americans (1.1 and 1.2%, 1988 to 1994 and 1999 to
2000, respectively), although the 1999 to 2000 difference be-
tween Non-Hispanic white and black prevalence rates was not
significant.

Both hypertension and a history of diabetes were associated
with a high prevalence of decreased kidney function and albu-
minuria (Figure 3). In the absence of these conditions, de-
creased kidney function and albuminuria were uncommon in
the population as a whole (1.4 and 6%, respectively, in 1999 to
2000). Age is an important factor, and even in the absence of
hypertension and self-reported diabetes, 12% of adults aged 65
yr or older had decreased kidney function and 11% had albu-
minuria (1999 to 2000 data in Figure 3).

Prevalence of Albuminuria

Table 2 shows prevalence rates for albuminuria during both
time periods. The overall prevalence of albuminuria (ACR = 30
mg/g) increased from 8.2 = 0.4% in 1988 to 1994 to 10.1 = 0.7%
in 1999 to 2000 (P = 0.01). Generally, this pattern of higher rates
in 1999 to 2000 compared with 1988 to 1994 was observed
across gender, age, and race/ethnicity groups. The prevalence
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Table 1. Trends in prevalence (SE) of normal and decreased kidney function (estimated GFR categories®) by
demographic characteristics for adults age 20 years and older: NHANES 1988 to 1994 and 1999 to 2000°

Overall Estimated GFR Category (ml/min per 1.73 m? %)

S?;/;y Us. Normal Mild Moderate Severe

n POPF,}O"‘)“"“ 90+ 60-89 30-59 15-29
Total 1988-1994 15,488 100.0 64.4 (0.86) 31.2(0.78) 4.2 (0.25) 0.19 (0.03)
1999-2000 4101 100.0 59.9 (1.37) 36.3 (1.26) 3.7 (0.37) 0.13 (0.06)¢
Gender Male 1988-1994 7274 47.8 65.8 (1.00) 30.7 (0.90) 3.3 (0.30) 0.15 (0.05)¢
1999-2000 1917 48.0 60.5 (1.51) 36.7 (1.40) 2.6 (0.39) 0.12 (0.08)¢
Female 1988-1994 8214 52.2 63.1 (1.16) 31.7(0.99) 5.0 (0.40) 0.23 (0.05)
1999-2000 2184 52.0 59.4 (1.70) 35.8 (1.59) 4.7 (0.55) 0.14 (0.08)¢

Age (yr) 20-39 1988-1994 6367 45.7 86.3 (0.90) 13.5(0.88) 0.21(0.07)¢ 0°
1999-2000 1460 44.3 79.6 (1.57) 19.9 (1.47) 0.50(0.24)° 0°

40-59 1988-1994 4194 31.7 55.7 (1.07) 42.6 (1.11) 1.8 (0.26) 0.01 (0.01)¢
1999-2000 1185 34.4 56.6 (2.11) 41.9 (2.18) 1.5 (0.38) 0.04 (0.04)¢
60-69 1988-1994 2174 114 39.0 (1.45) 53.8(1.78) 6.7 (0.83) 0.45 (0.20)¢
1999-2000 685 11.0 28.7 (2.17) 65.1 (2.41) 5.4 (1.21) 0.75 (0.48)¢
70+ 1988-1994 2753 11.2 25.6 (1.38) 48.6(1.20) 24.6 (1.12) 1.2 (0.28)
1999-2000 771 10.4 20.1 (1.17) 56.8 (2.30) 22.8 (2.12) 0.33 (0.18)¢
Race Non-Hispanic  1988-1994 6450 76.9 59.9 (1.07) 35.1 (0.96) 4.8 (0.30) 0.19 (0.03)
white 1999-2000 1860 71.6 53.8 (1.62) 42.0 (1.56) 4.1 (0.45) 0.08 (0.06)¢
Non-Hispanic  1988-1994 4168 10.3 79.5(1.09) 17.5(0.95) 2.8 (0.24) 0.24 (0.07)
black 1999-2000 760 10.5 78.5(1.95) 18.1(1.79) 3.2 (0.46) 0.23 (0.14)¢
Mexican 1988-1994 4250 5.1 85.5(0.61) 13.4(0.56) 1.0 (0.15) 0.06 (0.03)¢
American 1999-2000 1117 6.3 83.6 (2.02) 15.3(1.89) 1.1 (0.30) 0.08 (0.07)¢
Other 1988-1994 620 7.7 75.2(3.32) 22.4(2.86) 2.3 (0.88)¢ 0.20(0.20)¢
1999-2000 364 11.6 67.9 (3.77) 28.9 (3.70) 29 (0.94)¢ 0.34(0.35)¢

“Estimated using the simplified Modified Diet in Renal Disease study formula.
PExcludes MEC-examined individuals with estimated GFR < 15 ml/min per 1.73 m? and those with missing GFR data.
“Does not meet the standards for statistical reliability and precision (relative SE > 30%).

of macroalbuminuria was higher in non-Hispanic blacks com-
pared with non-Hispanic whites. Individuals with a history of
diabetes had a much higher prevalence of albuminuria in both
surveys but showed a somewhat different pattern in the two
surveys (Figure 3). Among individuals with diabetes, the re-
sults are suggestive that the prevalence of macroalbuminuria
increased from 1988 to 1994 to 1999 to 2000, whereas the prev-
alence of microalbuminuria showed the opposite pattern, al-
though neither difference was statistically significant

Prevalence of CKD

The prevalence estimates of decreased kidney function and
albuminuria in the U.S. population as reflected in NHANES
show the overall burden of CKD (Table 3). The prevalence of
CKD (stages 1 to 4) was 8.8 = 0.4% in 1988 to 1994 and 9.4 *
0.7% in 1999 to 2000 when 30 and 300 mg/g ACR cutoffs are
used to define microalbuminuria and macroalbuminuria, as
suggested by a recent consensus conference (16,17). Using gen-
der-specific ACR cutoffs, which take into account the higher
creatinine production among men (18), the prevalences are
10.6 = 0.5% in 1988 to 1994 and 11.7 £ 0.8% in 1999 to 2000.
Additional data are required for a more precise estimate of
whether these subtle differences reflect more than random vari-

ation. The data indicate a small but statistically significant
increase (P = 0.01) in the prevalence of CKD stages 1 and 2 as
a result of the higher prevalence of albuminuria in 1999 to 2000.
In contrast, the prevalence of moderately and severely de-
creased kidney function (CKD stages 3 and 4) has not changed
significantly, with the ratio of the prevalence in the 1988 to 1994
survey to that of 1999 to 2000 was 0.87 with a 95% CI of 0.7 to
1.1. By contrast, the U.S. Renal Data System’s 2003 Annual
Report showed that the burden of ESRD increased during the
same time period. The point prevalence count, incidence rate,
and age-adjusted incidence for ESRD increased by 95, 57, and
49%, respectively, from 1991 to 2000 (2).

Discussion

Fewer than 10% of individuals with moderately decreased
kidney function (CKD stage 3) reported ever being told that
they had weak or failing kidneys. This provides a baseline level
of knowledge in the general population for future comparisons
and is consistent with data showing that CKD is underdiag-
nosed and undertreated in a range of clinical populations (7—-
9,21). Even in the presence of both moderately decreased kid-
ney function and proteinuria, fewer than one fifth of



J Am Soc Nephrol 16: ?2?-2??, 2005

Age 20+ Age 65+
5{} -
2 40 NHANES NHANES
S W 1988-1994 O 1999-2000
¥ 30
&
o 20
10 4 .j i ]
0 4
a N
46{2} $ ¢ (&\o(\ N ¢ é'?} S & (\‘}OQ Qaka%
9] AP P 9] <= Qe(@ &°
& &
B g, e S i
Age 20+ Age 65+
50 4
= NHANES NHANES
d 40 4| 1988-1994 1999-2000
5 O Micro O Micro
E 30 || m Macro & Macro
2 20
<
10 -
0 4
> d & P > & & &
& & & & CE
of ¥ P §5® o' = W@ o‘\"b
&
& &

Figure 3. Prevalence of markers of chronic kidney disease by
hypertension and history of diabetes in NHANES III (M) and
NHANES 1999 to 2000 (L) for adults over the age of 20 and 65
yr. (A) Decreased GFR (< 60 ml/min per 1.73 m?). (B) Albu-
minuria (micro at ACR 30 to 299 mg/g and macro at = 300
mg/g). Error bars indicate the upper limit of the 95% confi-
dence intervals.

individuals reported awareness of weak or failing kidneys. The
higher proportion of positive reports at lower kidney function
and albuminuria suggests that asking about weak or failing
kidneys has validity. Among the 20 individuals who were
excluded from the analysis with a GFR <15 ml/min per 1.73
m?, all but the individual with the lowest serum creatinine in
the group (serum creatinine range 3.9 to 11.9 mg/dl) reported
that they were aware of having weak or failing kidneys. This
study cannot separate physician and patient aspects of CKD
diagnosis, treatment, and awareness. However, Medicare data
show that a CKD diagnosis was made in 1.2 million (approxi-
mately 3% of Medicare beneficiaries) in 2000 (2). This rate
contrasts with the approximately one fifth of adults over the
age of 65 with stage 3 or 4 CKD (Figure 3) in NHANES 1999 to
2000 (18%, or 35 million), supporting the notion that much of
CKD is underdiagnosed despite treatable complications (5).
Although their analysis differs in some respects from ours,
Nickolas et al. (22) also recently called attention to the relative
lack of awareness of CKD.

Although comparable proportions of men and women with
albuminuria responded in the affirmative, women with de-
creased kidney function were less likely to report ever being
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told that they had weak or failing kidneys. This discrepancy
likely reflects misinterpretation by providers of the lower mean
and range of serum creatinine for women with stage 3 CKD
than that for men (1.2 mg/dl, range 0.9 to 1.9 for women versus
1.6 mg/dl, range 1.1 to 2.5 for men). We suspect that health care
providers are especially prone to overlooking CKD in older
women, who often have a serum creatinine that is in the normal
range for younger individuals. This finding highlights the im-
portance of using GFR estimating equations that incorporate
age and gender as variables. Future rounds of NHANES data
will increase the sample size and allow for analyses of multiple
factors (race, socioeconomic status, and health care utilization)
associated with awareness of CKD not possible with only the
NHANES 1999 to 2000 survey.

The results of this study show a high but relatively stable
prevalence of CKD among U.S. adults. During 1999 to 2000
(Table 3), an estimated 3.8% (95% CI 3.1 to 4.6%) of U.S. adults
(approximately 7 million individuals) had CKD on the basis of
decreased kidney function (GFR 15 to 59 ml/min per 1.73 m?,
corresponding to CKD stages 3 and 4). An additional 5.6% of
the U.S. population (11.3 million) had persistent albuminuria
with a normal or only mildly decreased kidney function
(GFR = 60 ml/min per 1.73 m?), corresponding to CKD stages
1 and 2. These numbers far exceed the number of cases of
treated ESRD (88,000 new cases and 436,000 treated cases in
1999 [2]), consistent with either nonprogression or a higher rate
of mortality than progression to kidney failure in the majority
of patients with CKD. Decreased kidney function was an inde-
pendent risk factor of cardiovascular disease and all-cause mor-
tality in several studies in the general population and among
high-risk individuals (23). Medicare enrollees with a CKD di-
agnosis had a 5 to 10 times higher risk of death than ESRD (6).
On the basis of these observations, the discrepancy between the
size of the CKD pool and the incidence of ESRD may be derived
in part from premature cardiovascular death in many people
before progression to ESRD.

It was surprising that overall estimates of CKD based on the
1988 to 1994 and 1999 to 2000 data are very similar. Although
this near constancy provides some confidence that the esti-
mates are generally reliable, the stability of the CKD pool is at
odds with a >50% increase in ESRD incidence during that
interval. These data suggest that the greater increase in the
incidence of ESRD may reflect increasing treatment rates, a
higher rate of progression of CKD to ESRD, and/or lesser rates
of competing mortality, presumably as a result of less prema-
ture cardiovascular death. An independent analysis comparing
changes in CKD prevalence in NHANES II (1976 to 1980) and
NHANES III (1988 to 1994) to ESRD trends has recently noted
the same discrepancy in the 1980s that we report for the 1990s
with the rising incidence of ESRD far outpacing any increase in
the CKD pool (25% increase in CKD stage 3 to 4 versus 2.6-fold
increase in the number of incident ESRD cases) (24). Additional
data on this issue are needed, particularly because progression
of CKD to ESRD can take many years, suggesting that a longer
period of observation than a decade would be useful.

Estimates from a large sample of Medicare data suggest that
CKD diagnosis among older individuals has doubled over the
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Table 2. Trends in prevalence (SE) of micro- and macroalbuminuria® by demographic characteristics for adults age
20 years and older: NHANES 1988 to 1994 and 1999 to 2000°

Overall Albuminuria
Survey Us.
Year N Popg}a)tion None Microalbuminuria Macroalbuminuria
Total 1988-1994 14,319 100.0 91.8 (0.40) 7.1 (0.36) 1.1 (0.12)
1999-2000 3751 100.0 89.9 (0.69) 8.8 (0.62) 1.3 (0.25)
Gender Male 1988-1994 7119 50.8 92.9 (0.52) 5.8 (0.49) 1.3 (0.16)
1999-2000 1888 50.0 91.0 (0.75) 7.3 (0.68) 1.7 (0.44)
Female 1988-1994 7200 49.2 90.7 (0.58) 8.3 (0.53) 1.0 (0.13)
1999-2000 1863 50.0 88.7 (1.04) 10.4 (0.92) 0.9 (0.28)
Age (yr) 20-39 1988-1994 5601 43.7 96.1 (0.46) 3.6 (0.47) 0.4 (0.09)
1999-2000 1189 43.0 93.4 (1.02) 5.9 (0.86) 0.7 (0.31)°
40-59 1988-1994 4018 32.9 93.0 (0.60) 6.0 (0.52) 1.0 (0.23)
1999-2000 1143 35.0 91.6 (1.04) 7.7 (1.09) 0.7 (0.32)°
60-69 1988-1994 2128 12.1 86.6 (1.31) 11.5 (1.15) 1.9 (0.34)
1999-2000 680 11.5 85.6 (1.75) 11.2 (1.67) 3.2(0.83)
70+ 1988-1994 2572 11.3 77.7 (1.15) 18.8 (1.03) 3.5(0.48)
1999-2000 739 10.5 74.1 (2.30) 22.0 (2.34) 3.9 (0.67)
Race Non-Hispanic 1988-1994 6006 76.9 92.3 (0.51) 6.8 (0.45) 0.9 (0.13)
white 1999-2000 1703 71.9 90.7 (0.83) 8.3 (0.80) 1.0 (0.24)
Non-Hispanic 1988-1994 3823 10.3 88.5(0.42) 9.0 (0.45) 2.5(0.27)
black 1999-2000 705 10.3 87.9 (1.24) 9.7 (0.96) 2.4 (0.61)
Mexican 1988-1994 3912 5.0 92.0 (0.54) 6.5 (0.43) 1.5 (0.26)
American 1999-2000 1023 6.3 90.4 (1.00) 8.0 (0.92) 1.5 (0.38)
Other 1988-1994 578 79 90.9 (1.85) 7.8 (1.68) 1.3 (0.59)¢
1999-2000 320 11.5 86.2 (3.33) 11.6 (2.48) 2.2(1.41)°

“Microalbuminuria defined as 30 = ACR < 300 mg/g; Macroalbuminuria defined as ACR = 300 mg/g.
PExcludes individuals with missing GFR, GFR < 15 ml/min per 1.73 m?, missing ACR data, and women who were

pregnant or in menses.

“Does not meet the standards for statistical reliability and precision (relative SE > 30%).

past decade from 0.6 to 1.2 million Medicare enrollees (2). Thus,
trends in the prevalence of severe CKD, such as stage 4, and its
diagnosis may differ from the trends shown here, which largely
reflect the earlier and more common stages of CKD (stages 1 to
3). The observation of a greater prevalence of albuminuria in
the general population and a possibly higher prevalence of
macroalbuminuria among the growing number of adults with
diabetes is consistent with more rapid progression as at least
one contributor to ESRD growth. The growing prevalence of
diabetes is estimated to explain 28% of the increase in ESRD
from 1978 to 1991 (25). A reduction in competing mortality
from stroke and myocardial infarction does explain a small
portion (approximately 5%) of the expansion of ESRD between
1978 and 1991 (25). The degree to which these factors have
contributed to the continued rise in ESRD since 1991 is uncer-
tain. Other environmental and iatrogenic factors, such as radio-
logic contrast media, may also alter the balance between early
CKD and ESRD (20). Whatever the reasons, the burden of CKD
in the population, although persistently high, does not, on its
own, explain the rise in the incidence of treated kidney failure.

As expected, the prevalence of CKD was higher in hyperten-
sion, diabetes, and older age. Surprising, the prevalence of

moderately and severely decreased kidney function is similar
among blacks and non-Hispanic whites. This similarity is per-
plexing given the approximately fourfold increased risk of
ESRD in the black compared with the white population (2). This
seemingly paradoxical observation is consistent between the
1988 to 1994 and 1999 to 2000 surveys and remains after ad-
justment for age and gender (Table 1) as well as previous
analyses of the 1988 to 1994 data (4,26). Several possibilities
may explain the similar prevalences of CKD. Rates of progres-
sion to ESRD are faster in blacks, and they therefore would be
expected to have more rapid movement through the CKD pool
(27). The greater prevalence of macroalbuminuria in blacks
(2.4 * 0.61%) than in whites (1.0 = 0.24%; P = 0.03) in 1999 to
2000 (Table 2) further supports more rapid progression. Fur-
thermore, risk of myocardial infarction, at least among people
with diabetes, is greater in whites (28). Hence, competing mor-
tality from cardiovascular death may remove whites from the
incident ESRD population. The MDRD equation does assign a
higher GFR for blacks than for whites at any given level of
serum creatinine. Although this empiric adjustment has been
confirmed in a large sample of blacks beyond the original study
population (29), any racial comparison of renal function on the
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Table 3. Trends in prevalence of CKD by survey year and estimated number in 2000*

CKD Prevalence (%) Prevalence Ratio No. i%h[c{ilss;aﬁldstOOd/
Stage Description 1988-1994>  1999-2000° (9% CI° (95% CI)
1 GFR =90 and persistent albuminuria® 2.2 2.8 1.26 (1.00-1.59) 5600 (4000-7200)
2 GEFR 60-89 and persistent albuminuria® 2.2 2.8 1.27 (1.00-1.61) 5700 (4200-7200)
3  GFR 30-59 4.2 3.7 0.88 (0.67-1.10) 7400 (6000-8900)
4  GFR 15-29 0.19 0.13f 0.68 (0.07-1.44) 300 (24-500)
Total Stages 1-4 8.8 94 1.07 (0.93-1.22) 19,000 (16,300-21,600)

*CKD, chronic kidney disease; CI, confidence interval; MEC, mobile examination center; ACR, albumin-to-creatinine ratio;
NHANES, National Health and Nutrition Examination Survey. GFR in ml/min per 1.73 m*.
"MEC examined respondents with nonmissing serum creatinine measures and estimated GFR > 15 and for albuminuria

nonmissing ACR data, nonpregnant and not in menses.

“Bootstrap CI estimates include variability in the persistence estimates of albuminuria but assume persistence to be the

same in the two surveys.

9Based on NHANES 1999-2000 prevalence and 200,948,641 adults age 20 yr and older in 2000 census.

“Persistence assumptions: 50.9% of those with microalbuminuria and GFR =90 (n = 57); 75.0% of those with
microalbuminuria and GFR 60 to 89 (n = 36); 100% of those with macroalbuminuria. ACR categories: < 30 mg/g (none); 30 to
299 mg/g (microalbuminuria); = 300 mg/g (macroalbuminuria). If gender-specific ACR categories (men: < 17 mg/g [none];
17 to 250 mg/g [microalbuminuria]; > 250 mg/g [macroalbuminuria]; women: < 25 mg/g [none]; 25 to 355 mg/g
[microalbuminuria]; > 355 mg/g [macroalbuminuria]) and persistence rates (53.9% for microalbuminuria and 72.7% for
macroalbuminuria) are used, then the prevalence estimates for 1988 to 1994 and 1999 to 2000 are 3.2 and 3.8% for stage 1 and
3.0 and 4.0% for stage 2. The gender-specific albuminuria stages 1 to 4 prevalence totals are 10.6 = 0.5% in 1988 to 1994 and

11.7 £ 0.8% in 1999 to 2000.

‘Does not meet the standards for statistical reliability and precision (relative SE > 30%).

basis of serum creatinine is sensitive to modeling correctly the
quantitative difference in creatinine metabolism in blacks and
whites. Finally, poorer care directed at attenuating or interdict-
ing the progression of CKD might occur in blacks. Considerable
data attest to such racial disparities, including later referral of
black men with CKD to specialty consultation (30). Further
research is needed to determine which hypotheses explain the
higher risk of ESRD among minority populations.

It is worth noting several limitations and strengths of the
current study. First, estimating GFR from serum creatinine has
well-recognized limitations, including substantial variation in
creatinine production by age, gender, and race (31). To mini-
mize the impact of these limitations, we used a newly devel-
oped equation with increased precision of estimating GFR and
calibrated the serum creatinine measurements to the laboratory
that generated the data for development of this equation (19).
Although the number of blacks and individuals with a GFR >
60 was limited in the initial development of this formula, a
recent large study has shown that the equation performs very
well among hypertensive blacks (29). Still, the ability to esti-
mate GFR accurately in the normal range (>90 ml/min per 1.73
m?) and in the general population is uncertain because it is an
extrapolation of the MDRD study data. However, low GFR
estimates from general population samples calculated using the
MDRD study equation are associated with CKD complications
and cardiovascular risk (3,23). The study of trends in CKD
prevalence estimates from two NHANES surveys is less sus-
ceptible to bias because potential biases from each survey esti-
mate outlined previously (3) are likely to operate similarly in
two surveys.

Several methodologic limitations apply to this use of

NHANES data. Although the data are designed specifically to
assess disease burden cross-sectionally in a national represen-
tative sample, they are limited in their ability to address disease
risk and cause. Comparisons across surveys are subject to po-
tential bias if unmeasured changes occur in data collection over
time. The number of individuals with moderately decreased
kidney function is not very large (n = 881 in NHANES III and
231 in NHANES 1999 to 2000) and the number with severely
decreased kidney function (n = 45 in NHANES III and 10 in
NHANES 1999 to 2000) is small, limiting the power of sub-
group comparisons. For this reason, analyses focus on moder-
ately reduced kidney function (GFR 30 to 59 ml/min per 1.73
m?) or reduced kidney function overall (GFR 15 to 59 ml/min
per 1.73 m?) among individuals without kidney failure (GFR >
15 ml/min per 1.73 m?). Nationally representative studies are
most powerful for comparing stages 1 to 3 CKD, for which the
prevalence of each stage is > 3% and the prevalence among
older individuals is > 10%. CKD estimates are adjusted to focus
on persistent albuminuria, but repeat albuminuria data were
available only on a subset of the participants in NHANES III,
limiting the precision of the stages 1 and 2 CKD prevalence
estimates. Changes in persistence of albuminuria would affect
the prevalence estimates of CKD, although the confidence interval
presented include the uncertainty in the persistence estimate.
This analysis of CKD within the most recent NHANES 1999
to 2000 indicates three remarkable features. First, the awareness
of CKD is low and a disparity exists such that women are far
less apt to be aware of having decreased kidney function
(GFR < 60 ml/min per 1.73 m?) than men. Second, although the
burden of CKD is high, it has not increased substantially in
nearly a decade since NHANES III, even though the incidence
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of ESRD has risen by > 50% during that interval. Finally,
whites and blacks share approximately the same prevalence of
CKD overall despite the fourfold greater incidence of ESRD in
blacks group. Given the high prevalence of CKD, efforts to
increase awareness, diagnosis, and treatment are needed to
meet the Healthy People 2010 goal of reducing new cases of
CKD and its complications, disability, death, and economic
costs (2).
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