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Abstract

Surveillance for chronic kidney disease (CKD) using nationally representative samples of the US
population is central in providing information on 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 using
National Health and Nutrition Examination Survey (NHANES) data. NHANES I11 (1988-1994)
included 15,488 participants and NHANES rounds 1999-2004 included 13,233 participants over the
age of 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) as estimated by the
Modification of Diet in Renal Disease (MDRD) Study equation and urinary albumin-to-creatinine
ratio (ACR) following the classification system established by the National Kidney Foundation's
Kidney Disease Outcomes Quality Initiative. Moderately reduced GFR increased in prevalence from
5.4% to 7.7% (P<0.001) and severely reduced GFR increased from 0.21% to 0.35% (P=0.02) from
1988-1994 to 1999-2004. Within CKD stage 3, 18.6 % (SE 1.6%) 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 among whites compared to other race-ethnicity groups. These
survey data suggest that the prevalence of CKD has increased between the years of 1988-1994 and
1999-2004. Surveillance for early stages of CKD (CKD stages 1-4) should monitor these and other
trends.
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Introduction

Chronic kidney disease (CKD) has become a global public health problem and is a common
condition in the U.S..1: 2 CKD is associated with a wide range of complications in addition to
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the risk of progression to kidney failure, or end-stage renal disease (ESRD), requiring dialysis
or transplantation and being a marker of high cardiovascular disease (CVD) risk.3 During the
years of 1991-2001, the incidence of treated ESRD adjusted for age, race, and sex increased
by 43%; and in 2004 there were approximately 472,000 patients with treated ESRD, the final
stage of CKD.4 In the last two decades, the prevalence of obesity, diabetes, and hypertension
has also increased.®"8 Given the increase in incidence of ESRD and prevalence of major CKD
risk factors, it is important to track trends over time in the prevalence of all stages of CKD.

Surveillance for CKD is central in providing information on the magnitude and trends in burden
of CKD that will guide disease management and prevention planning for both clinicians and
public health authorities. Surveillance, defined as “the continuing scrutiny of all aspects of
occurrence and spread of a disease that are pertinent to effective control””, can take many
forms and can focus on diagnosed, or undiagnosed, disease. For kidney disease, surveillance
can monitor high risk subgroups for incident CKD in order to take clinical action, or can
quantify changes in incidence or prevalence of CKD in populations to guide public health
activities. In contrast to treated ESRD where both prevalence and incidence trends are
available, incidence data for CKD are more limited and trends in incidence are largely
unavailable. Here we focus on quantifying the total prevalence of CKD including both
diagnosed and undiagnosed disease in the U.S. population. This requires a representative
sample of the population and the means to determine whether individuals in the sample have
CKD, regardless of previous diagnosis. Unlike ESRD, marked by clinical symptoms indicating
a need for renal replacement therapy, earlier stages of CKD are mostly asymptomatic. Thus,
diagnosis of CKD relies on laboratory values of markers for kidney damage, quantified by
persistent alouminuria, and decreased kidney function, classified as glomerular filtration rate
(GFR) < 60 ml/min/1.73 m2.1 GFR can be measured directly using urine and serum
concentrations of exogenous substances such as inulin, 12°1-iothalamate, or lohexol.10
Estimating GFR from serum creatinine, however, is the presently recommended method for
CKD staging and is more feasible in the large studies that are required for accurate estimation
of total CKD burden in the US.L: 2

The National Health and Nutrition Examination Surveys (NHANES), conducted by the
National Center for Health Statistics (NCHS), represent an ideal sample for estimating the total
burden of CKD and have been used extensively for estimating CKD prevalence in the broader
US population. We summarize data from a recent publication updating trends data from
1988-200411 and expand on the characteristics of subgroups within CKD Stage 3 which
contains the largest number of individuals compared to any other CKD stage. The NHANES
surveys include laboratory measurement of both albuminuria and serum creatinine thus
allowing for the staging of CKD in a nationally representative sample, regardless of the
participants' awareness, or history of diagnosis, of CKD. Surveillance requires the ability to
evaluate estimates of incidence or prevalence from current data against similar estimates from
comparable past data. As such, initial estimates of prevalence of CKD stages from the
NHANES 111 (1988-1994) survey have provided a benchmark for kidney disease studies,
prevention efforts, and healthcare planning.zl 12 studies have compared estimates from
NHANES 1999-2000 to the baseline estimates provided by NHANES I11 finding increased
prevalence of albuminuria but no significant increase in overall prevalence of CKD. The
precision of these trend estimates were constrained by the relatively small sample size of the
1999-2000 survey and may have been biased due to the limited data to establish consistent
calibration of the creatinine assays over time.12 Proper assay calibration is necessary when
comparing estimates derived from laboratory data to ensure correct and unbiased comparisons,
especially when assays are performed years apart and/or in different laboratories. A recent
study calibrating serum creatinine in all NHANES surveys from 1988 to 2004 permitted a more
rigorous examination, with less bias, of the trends in the prevalence of CKD using standardized
creatinine.13
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We compare the prevalence of CKD in 1988-1994 to 1999-2004 and describe the distribution
of CKD stages and severity. In particular CKD Stage 3 is described in detail and the impact of
proposed criteria for referral to a nephrologist is explored. The impact of the rising prevalence
of diabetes and changes in hypertension and obesity are examined as explanatory variables for
changes in CKD prevalence in the general US adult population.

The methods utilized here have been published in detail recently.11 Briefly, the NHANES are
cross-sectional, multi-stage, stratified, clustered probability samples of the US civilian non-
institutionalized population conducted by the NCHS.14 we analyzed data from NHANES III
and combined the NHANES 1999-2000, 2001-2002, and 2003-2004 (NHANES 1999-2004)
following NCHS recommendations.12 16 Al surveys oversampled certain subgroups of the
US population, including non-Hispanic Blacks, Mexican Americans, and the elderly in order
to obtain adequate sample sizes for these groups in subsequent analyses.

Urinary albumin and creatinine concentrations were assayed in the same laboratory for all
surveys. Urinary albumin-to-creatinine ratio (ACR, mg/g) was computed and forms the basis
for the definition of albuminuria. Microalbuminuria is defined as ACR of 30 to < 300 mg/g,
and macroalbuminuria is defined as ACR > 300 mg/g. All albuminuria analyses excluded
women who were pregnant or were in menses. Serum creatinine was measured using a kinetic
rate Jaffe method. All serum creatinine measurements were re-calibrated to standardized
creatinine measurements obtained at the Cleveland Clinic Research Laboratory (Cleveland,
Ohio).13 This re-calibration is necessary for appropriate estimation of GFR and accurate
assessment of trends in prevalence over time using the different NHANES surveys.

GFR was estimated from re-calibrated serum creatinine using the 4-variable Modification of
Diet in Renal Disease (MDRD) Study equation.17 The MDRD Study equation was originally
developed using serum creatinine measured by a kinetic rate Jaffe method; here we use the
IDMS-traceable MDRD Study equation that uses standardized creatininel8: GFR = 175 x
(standardized serum creatinine)1-154 x (age) 0-203 x 0.742(if the subject is a woman) x 1.212
(if the subject is black). Estimated GFR is reported in ml/min/1.73 m2. GFR, estimated from
standardized serum creatinine, and ACR were used to define early stages of CKD according
to the classification system established by the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative? as follows: stage 1, persistent albuminuria with estimated GFR
> 90 ml/min/1.73 m?; stage 2, persistent albuminuria with estimated GFR of 60-89 ml/min/
1.73 m?; stage 3, estimated GFR 30-59 ml/min/1.73 m?; stage 4, estimated GFR 15-29 ml/min/
1.73 m?,

Estimation of the proportion of individuals with CKD Stage 3 eligible for referral to a
nephrologist followed the criteria proposed in the KDOQI hypertension guidelines.19 Using
these guidelines, all individuals with eGFR < 30 ml/min/1.73 m2 would be recommended for
referral. Individuals with eGFR > 30 ml/min/1.73 m2 would be referred based on any of the
following indications of increased risk for CKD progression: 1) presence of macroalbuminuria;
2) type 1l diabetes with microalbuminuria; 3) diabetic retinopathy; 4) hyperkalemia (serum
potassium > 5.5 mEqg/L); 5) resistant hypertension. For this analysis resistant hypertension was
defined as systolic blood pressure > 130 mmHg or diastolic blood pressure > 80 mmHg, while
taking three or more anti-hypertensive medications. This analysis excluded women who were
pregnant or in menses, and was limited to NHANES 111 since this was the only survey with
data on retinopathy.

Given the complex survey design, and oversampling of certain subgroups, statistical analyses
were performed using sampling weights to obtain unbiased estimates of CKD prevalence using
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Stata Version 8.2 (StataCorp, College Station, TX). Standard errors for all estimates were
obtained using the Taylor series (linearization) method following NHANES recommended
procedures and weight5.14'16 Multi-variable logistic regression was used to compare
albuminuria and estimated GFR < 60 mI/min/1.73 m2 in NHANES 1999-2004 to NHANES
I11. Demographic variables (age, sex, and race), body mass index (BMlI), and diagnosed
diabetes and hypertension were entered in the model to assess the amount that changes in these
CKD risk factors would account for any increase in CKD prevalence. Information on age, sex,
race/ethnicity, and smoking was based on self-report during the survey interview. Hypertension
and diabetes were defined by self-report of physician diagnosis. Height and weight were
measured during NHANES examinations and were used to calculate BMI (kg/m?). A
sensitivity analysis (“conservative trends analysis”) was performed by adding 0.04 mg/dl to
serum creatinine levels in NHANES 111 so its mean level in a young healthy subgroup was
identical to NHANES 1999-2004. The aim of this analysis was to determine whether a
difference in mean serum creatinine levels between the surveys, potentially due to residual
laboratory calibration difference, might account for the changes in prevalence of CKD.

NHANES 111 included 15,488 participants and NHANES rounds 1999-2004 included 13,233
participants over the age of 20 years with serum creatinine measurements. During the time
period between the surveys the US population became older and included a smaller proportion
of Non-Hispanic Whites (Table 1). The shift in age distribution was less pronounced above 60
years where CKD is more common. At the same time, the prevalence of self reported diabetes
and hypertension increased as did the mean body mass index and proportion of the population
that is overweight and obese, all risk factors for CKD. Mean albuminuria increased across the
surveys but mean ACR was not different among young healthy individuals (12.2 mg/g in
1988-1994 and 12.3 in 1999-2004). The mean serum creatinine was higher in 1999-2004
compared to 1988-1994 corresponding to a lower mean estimated GFR in 1999-2004. The
conservative trends analysis which added 0.04 mg/dl to the serum creatinine in NHANES |11
resulted in nearly identical mean serum creatinine and mean estimated GFR across surveys.

The proportion of the US population with mild, moderate or severely reduced estimated GFR
increased from 1988-1994 to 1999-2004. The combined prevalence estimate for 1999-2004
had similar precision to the 1988-1994 estimate while prevalence estimates from each of the
three two year surveys had relatively wide confidence intervals (Figure 1). Moderately reduced
GFR increased in prevalence from 5.4% to 7.7% (P<0.001) and severely reduced GFR
increased from 0.21% to 0.35% (P=0.02). Similarly, the proportion of the overall population
with microalbuminuria on a single occasion increased from 7.1% to 8.2% (P=0.01). The
prevalence of macroalbuminuria rose somewhat from 1.1% to 1.3% but this difference was
well within the limits of random variation (P=0.4). Subdividing the prevalence of albuminuria
by different levels of estimated GFR showed that the prevalence of microalbuminuria rose
significantly among individuals with normal estimated GFR while all other subgroups showed
no significant rise or fall in albuminuria.11

The prevalence estimate for each stage of CKD was higher in 1999-2004 than in 1988-1994
with the difference being statistically significant for CKD stages 2 to 4 and overall (Table 2).
Stratified analyses by sex and race showed similar trends. The overall prevalences of CKD in
1988-1994 and 1999-2004 among men were 8.2% and 11.1%. Among women they were 12.1%
and 15.0%. By ethnicity the change was from 10.5% to 13.8% among Non-Hispanic whites,
10.2% to 11.7% among non-Hispanic Blacks, and from 6.3% to 8.0% among Mexican
Americans. After age adjustment prevalence odds ratios for estimated GFR < 60 ml/min/1.73
m? between 1999-2004 and 1988-1994 were of similar magnitude (between 1.4 and 1.5) and
statistically significant in men, women, non-Hispanic whites and non-Hispanic blacks and
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Mexican-Americans. The association was somewhat weaker in the smaller number of
individuals of other ethnicity. Trends over time were also similar within age categories
indicating the trends were not due to age differences in the population (data not shownll).

Differences in prevalence of decreased GFR and albuminuria between 1988-1994 and
1999-2004 remain substantial after adjustment for changes in the age, sex and race/ethnic
composition of the US population over this time period (Table 3). The higher prevalence of
diagnosed diabetes, hypertension, and higher body mass index explained some of the higher
prevalence. For albuminuria trends, the higher prevalence was partly explained by the older
age and high proportion of minority groups (odds ratio declined from 1.18 to 1.12 after
adjustment). Further adjustment for the higher prevalence of diagnosed diabetes and
hypertension and higher body mass index explained practically all of the difference (odds ratio
declined to 1.03). In the fully adjusted models, the prevalence of albuminuria was strongly
associated with diagnosed diabetes (OR 3.58; 95% CI 3.12-4.12) and hypertension (OR 1.70;
95% CI 1.1-1.92) as well as older age, and all race-ethnicity groups other than non-Hispanic
whites (P<0.001) but not higher body mass index (P=0.1). The prevalence odds ratio of
estimated GFR less than 60 ml/min/1.73 m2 in 1999-2004 compared to 1988-1994 was 1.47.
Age adjustment had little impact, likely because the increase in the number of older individuals
was offset by a similar increase in the number of younger individuals leading the percentage
of individuals aged 60+ years to remain relatively unchanged (Table 1). The prevalence odds
ratio increased further to 1.53 after adjustment for age, sex and race due to the lower prevalence
of decreased GFR among minority groups. The odds ratio decreased to 1.43 with additional
adjustment for diagnosed diabetes and hypertension and body mass index. In the fully adjusted
model, the prevalence of low GFR was strongly associated with diagnosed diabetes (OR 1.54;
95% CI 1.28-1.80) and hypertension (OR 1.98; 95% CI 1.73-2.67) as well as higher body mass
index (OR 1.08; 95% CI 1.02-1.15 per 5 kg/m?) and older age but was lower among men, non-
Hispanic blacks, and Mexican-Americans compared to non-Hispanic whites (P<0.001).

The conservative trends analysis showed that the difference in mean serum creatinine between
surveys accounts for much but possibly not all of the higher prevalence of lower GFR in
1999-2004. In this analysis, the prevalence of CKD in 1988-1994 was higher (1.5%, 2.8%,
6.7%, and 0.23% for CKD stages 1 to 4 for a total of 11.3%). The prevalence odds ratio of
estimated GFR less than 60 ml/min/1.73 m2 comparing 1999-2004 to 1988-1994 was 1.17
(95% CI 1.02-1.34). After full adjustment in the conservative trends analysis the prevalence
odds ratio of decreased GFR between surveys was 1.08 (0.94-1.24) indicating that the
differences in mean serum creatinine, demographics, diagnosed diabetes, hypertension, and
body mass index between surveys explain nearly all of the difference in prevalence of low GFR
between 1988-1994 and 1999-2004 (P=0.3).

Since CKD Stage 3 includes a large number of individuals we examined the distribution of
individuals in this stage across different characteristics (Table 4). As expected, the majority of
individuals had a higher estimated GFR (45-59 ml/min/1.73 m? included 78.8% of all CKD
stage 3 individuals adding the percentages across sex, age and albuminuria categories). Further,
61.5% of all individuals in CKD stage 3 had an estimated GFR between 45-59 ml/min/1.73
m?2 with no evidence of albuminuria. The table also shows the distribution of alouminuria, with
25.7% of CKD stage 3 individuals with and 74.3% without albuminuria, and age, where 22.1%,
22.7% and 55.2% were age <60, 60-69 and 70+ years. A total of 16.6% of individuals in CKD
stage 3 had previously diagnosed diabetes, and slightly less than half of these had evidence of
albuminuria (7.5% of all individuals in stage 3).

An analysis estimating what proportion of individuals with CKD stage 3 would be eligible for
referral to a nephrologist using one proposed referral recommendation suggested that 18.6%
of individuals should be referred to a nephrologist while the other 81.4% could be managed
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by their internists (Table 5). Under this scenario, the largest proportion of referrals in CKD
stage 3 was due to macroalbuminuria, type 11 diabetes with presence of alouminuria, or diabetic
retinopathy. Independently of other criteria for referral, macroalbuminuria accounted for
20.5% (SE 4.0%) of referrals, type Il diabetes with albuminuria for 32.9% (SE 5.6%), and
diabetic retinopathy for 23.1% (SE 4.5%). Hyperkalemia (0.5%, SE 0.3%) and resistant
hypertension (11.5%, SE 4.2%) accounted for less, and 11.5% of individuals would be referred
for more than one criterion. The suggested referral rate was lower for Whites than other groups
because of a lower rate of albuminuria and diabetes (Table 6). However, retinopathy data are
limited to NHANES 111 making many of the specific referral groups relatively small and
estimated rates imprecise.

Discussion

In summary, the NHANES surveys provide an excellent source for tracking trends in the total
prevalence of CKD including diagnosed and undiagnosed cases. The most recent data suggest
a rising prevalence of all stages of CKD which is at least partly explained by a rise in the
prevalence of obesity, diagnosed diabetes and treated hypertension. Estimating the magnitude
of the rise is sensitive to small differences in the mean value of serum creatinine across surveys.
Thus continued efforts to standardized serum creatinine and assess drift in calibration over
time are central to any surveillance activity.

Surveillance for CKD should acknowledge that stages 1 to 5 differ markedly in their severity
as well as prevalence. The most severe stages 4 and 5 have the lowest prevalence. However,
since they have the highest rates of complications and medical costs, tracking them is vital.
Given their low prevalence (~0.3% each) individuals with these stages are not well represented
in population based surveys. It is also a concern that these individuals may have clinical
symptoms and may be less likely to volunteer or come to an examination. Thus, alternative
methods of surveillance for CKD stages 4 and 5 should be considered. We should look beyond
the established surveillance for treated ESRD which combines the presence of kidney failure
with the patient being offered and deciding to accept renal replacement therapy. Large health
care organization and laboratory chains could be a useful way to track individuals with severe
CKD, although inferences will be complicated by the non-random nature of participation in
these systems. Data from the Department of Veterans Affairs [grzj0n 2.6 million veterans age
18to 100 with at least one outpatient serum creatinine measurement indicated that 5,300 (0.2%)
had an estimated GFR of less than 15 without being on dialysis, while 14,637 (0.6%) were
treated for ESRD.20 The amount of time spent in stage 5 CKD without treatment is relatively
short since annual ESRD incidence is 70-80% for veterans aged less than 65 and decreased to
29% after age 85. In contrast, mortality rates increased from 3% below the age of 44 to 49%
after the age of 85 years.21

Population based surveys can be very useful for CKD stages 1-3 and with large surveys CKD
stage 4. However, within these stages it would be useful to also track the distribution of
albuminuria and other markers of severity and likelihood of complications and progression.
For example, while the prevalence of CKD stage 3 based on NHANES 1988-1994 and
1999-2004 increased from 5.4% to 7.7%, the estimated proportion of these individuals with
albuminuria decreased somewhat such the proportion of the population with both moderately
decreased GFR and albuminuria increased from 1.5% to 1.9% (calculated from Table 2 of
Coresh et al.ll).

It is useful to evaluate criteria for potential action as well as the evidence for these criteria. We
evaluated a set of proposed criteria for referral to a nephrologist which suggest that while all
CKD stage 4 and 5 patients (n ~ 1.1 million) should see a nephrologist only 18.6% of
individuals in stage 3 (n ~ 2.9 million) should be referred. Concerning individuals with
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estimated GFR above 60 mg/ml/1.73 m2 and albuminuria 30.8% (n ~ 3.0 million) should be
referred, a majority of these due to presence of macroalbuminuria (69.2%, SE 2.3%), although
these estimates do not incorporate persistence data. Further studies evaluating the evidence for
such criteriaand the impact of such referral are needed. However, initial estimates can be useful
to assess the potential impact of recommendations, policies or ad-hoc practice patterns.

In summary, laboratory evaluation, combined with rigorous survey methodology is central to
surveillance of CKD. While a flattening in the age adjusted rates of treated ESRD is reassuring,
it is counteracted by an aging population and longer survival on dialysis which increase the
number of individuals treated for ESRD. It is important to also track untreated kidney failure
(CKD stage 5) as well as undiagnosed CKD. The most recent data suggest that the obesity
epidemic is leading to a rise in the prevalence of albuminuria and decreased kidney function
(CKD stages 1-4). Surveillance of these trends in the future is important to better understand
this population at risk for a wide range of complications. Surveillance efforts should also focus
on defining meaningful subgroups of CKD patients by their need for services (referral to
specialists), risk of different complications, and potential benefit from different therapies.
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Figure 1.

Trends in the prevalence of CKD stages 3 and 4 between NHANES 1988-1994 and 1999-2004
(full squares) as well as the three component surveys for the later NHANES (empty squares
for 1999-2000, 2001-2002 and 2003-2004). Error bars denote 95% confidence intervals.
Abbreviations: CKD, chronic kidney disease; NHANES, National Health and Nutrition
Examination Survey.
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Table 2
Prevalence of CKD Stages in US Adults Age 20 Years or Older Based on NHANES 1988-1994 and NHANES
1999-2004

CKD Stage NHANES NHANES Prevalence Ratio Estimated Number
1988-1994 1999-2004 1999-2004/1988-1994 US in 2000
Prevalence, % Prevalence, % Ratio N, Millions
(95% ClI) (95% ClI) (95% ClI) (95% ClI)
1 1.71 (1.28, 2.18) 1.78 (1.35, 2.25) 1.05 (0.85-1.30) 3.6 (2.7-4.5)
2 2.70 (2.17, 3.24) 3.24 (2.61, 3.88) 1.21(1.03-1.41) 6.5 (5.2-7.8)
3 5.42 (4.89, 5.95) 7.69 (7.02, 8.36) 1.42 (1.25, 1.62) 15.5 (14.1-16.8)
4 0.21 (0.15, 0.27) 0.35 (0.25, 0.45) 1.70 (1.11, 2.51) 0.7 (0.5-0.9)
5 NA NA NA NA
Total 10.0 (9.2, 10.9) 13.1(12.4,14.1) 1.30 (1.19, 1.43) 26.3 (24.2-28.3)

CKD stages are defined based on standard criterial as follows: stage 1, persistent albuminuria with GFR >90 ml/min/1.73 m2

albuminuria with GFR 60-89 ml/min/1.73 m2; stage 3, GFR 30-59 ml/min/1.73 m2; stage 4, GFR 15-29 ml/min/1.73 m2. The age adjusted prevalence
rates for CKD stages 1 to 4 in 1988-1994 adjusted to the 1999-2004 age distribution in Table 1 are 1.7%, 2.8%, 5.6%, and 0.2% for a total of 10.3%.

; stage 2, persistent

Reproduced from JAMA. 2007;298(17):2038-2047

Abbreviations: CKD, chronic kidney disease; GFR, glomerular filtration rate; NHANES, National Health and Nutrition Examination Survey; NA,
*kk
[EF3]

Note: Conversion factors for units: GFR in mI/min/1.73 m to ml/s/1.73 m2, x0.01667.
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