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Background—Trends in the prevalence of chronic kidney disease (CKD) are important for
health-care policy and planning.

Objective—To update trends in CKD prevalence.
Design—Repeated cross-sectional study.

Setting—National Health and Nutrition Examination Survey (NHANES) in 1988-94 and every
two years from 1999 to 2012.

Participants—Adults 20 years or older.

Measurements—CKD (stages 3—4) was defined using glomerular filtration rate (GFR)
estimated with the Chronic Kidney Disease-Epidemiology Collaboration (CKD-EPI) equation
from calibrated serum creatinine measurements (eGFR 15-59 ml/min/1.73m?). An expanded
definition of CKD also included persons with an eGFR =60 ml/min/1.73m?2 and a one-time urine
albumin-to-creatinine ratio 230 mg/g.

Results—An increase in the unadjusted prevalence of stages 3—4 CKD occurred from the late
1990s to the early 2000’s. Since 2003-04, however, the prevalence of stages 3-4 CKD overall has
largely stabilized (e.g. 6.9% prevalence of stage 3—-4 CKD in 2003-04 and 6.9% prevalence in
2011-12). There was little difference in adjusted prevalence of stage 3—4 CKD overall comparing
2003-04 and 2011-12 after controlling for age, sex, race/ethnicity, and diabetes mellitus status
(p=0.26). Lack of increase in CKD prevalence since the early 2000’s was observed in most
subgroups and with an expanded definition of CKD which included persons with higher eGFRs
but with albuminuria.

Limitations—Serum creatinine and albuminuria were measured only once in each subject.

Conclusions—In a reversal of prior trends, there has been no appreciable increase in the
prevalence of stages 3—4 CKD in the U.S. population overall during the most recent decade.

INTRODUCTION

Much attention has been paid over the last four decades to the enlarging size of the end-

renal disease (ESRD) population. This is well-documented by comprehensive national
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stage

registries such as the United States Renal Data System (USRDS)(1). Recently there has been

a notable change in the epidemiology of ESRD, with decreasing adjusted incident rates

of

ESRD. Specifically, the age-sex-race/ethnicity-adjusted ESRD incidence rate in the United
States was 386 cases per million/year in 2003 but 356, 352 and 351 cases per million/year in

2011, 2012 and 2013 respectively (1).

Almost all cases of ESRD are preceded by a period of chronic kidney disease (CKD)(2

, 3).

Given this natural history, an antecedent change in CKD epidemiology in the United States

prior to substantial change in ESRD epidemiology would be expected. Yet, the existing

peer-

reviewed publications have mostly reported that the overall prevalence of CKD in the U.S.

population had been increasing (4), by as much as up to 5% a year (5, 6). An important

limitation in the peer-reviewed literature is that CKD prevalence in more recent years has

not been analyzed (4, 5, 7-9).
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Separate from it being a precursor to ESRD, CKD is now recognized as an important risk
factor for other adverse outcomes such as acute kidney injury, cardiovascular disease, and
premature death (10-12). The prevalence of CKD is one to two orders of magnitude higher
than the prevalence of ESRD (13). CKD epidemiology in its own right has received much
attention over the last dozen years and has been incorporated into programs of nationwide
health-promotion and disease-prevention goals (2, 3, 14). For example, the U.S. Department
of Health and Human Services Healthy People 2020 has set a target of 10 percent
proportional reduction in CKD prevalence in the U.S. population (14).

The goal of the present study is to provide updated estimates of CKD prevalence in the
United States. We analyzed National Health and Nutritional Examination Survey
(NHANES) from 1988-1994 through 2011-2012 to estimate the temporal trend of CKD
prevalence overall and in subgroups of the population, with particular attention to more
recent years.

METHODS
Study Population

The NHANES is a nationally-representative survey of non-institutionalized, US civilian
residents that is conducted by the National Center for Health Statistics and involves a
combination of in person interviews, physical examination, and laboratory data (15).
NHANES 111 was conducted 1988-1994 and beginning in 1999 NHANES collected data
continuously and released datasets in 2 year data cycles. We examined data from NHANES
111 (1988-94) through NHANES 2011-12. We limited our study to participants aged 20
years or older with available serum creatinine measurements. For the current analysis, we
included only participants seen in the mobile examination centers where comparable
laboratory measurements were taken. Patients with estimated glomerular filtration rate
(eGFR) <15 mL/min/1.73m?2, corresponding to stage 5 CKD, were excluded due to small
sample size and inability to determine if these persons were on maintenance dialysis or not.

Measures of Kidney Function

Our main outcome of interest was the prevalence of stages 3—4 CKD (as defined by eGFR of
15-59 mL/min/1.73m2 (16, 17)) in each cycle of NHANES. In the primary analysis, eGFR
was determined by the Chronic Kidney Disease-Epidemiology Collaboration (CKD-EPI)
equation (18). We used the NHANES recommended calibrations for serum creatinine
measurements across time periods (15)(Supplemental Table 1). In sensitivity analysis,
calculations were repeated with the Modification of Diet in Renal Disease study (MDRD)
eGFR equation (19).

In secondary analysis, we used an expanded definition of CKD to include persons with an
eGFR =60 ml/min/1.73m? and a one-time urine albumin-to-creatinine ratio (ACR) =30
mg/g. We did not attempt to define persistent proteinuria, given that most persons only had
one measurement in the survey, and given that timing of second urine collection varied (e.g.
first morning void vs. random) when albuminuria was repeated during selected cycles of
NHANES or in selected subsamples (4, 20).
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Demographics and Comorbidities

NHANES collected data on participant demographics, including age, sex, and race/ethnicity.
To ensure consistency across all NHANES cycles, we classified individuals as being non-
Hispanic white, non-Hispanic black, and other race/ethnicity. During the physical exam
portion of the survey, measurements including height, weight, blood pressure, and other
parameters were assessed. Blood and urine samples are taken, which allowed measurement
of hemoglobin Alc (Alc) in addition to serum creatinine and urine ACR. Diabetes mellitus
(hereafter called diabetes) was defined in this study as a self-reported physician diagnosis,
use of diabetes medication (i.e., oral hypoglycemic medications or insulin), or a laboratory
measured Alc =6.5% (21).

Statistical Analysis

This analysis used the recommended NHANES examinations sample weights (22). Data
were analyzed using the SURVEYLOGISTIC procedure in SAS to accommodate the
complex sample survey design (23). 95% confidence intervals were generated for crude
prevalences.

In adjusted analyses, restricted cubic splines were used to flexibly model the trends over
time. Three knots were used at pre-determined locations of years 2000, 2004 and 2007 to
both give the needed flexibility in shape and to allow changes over the time periods of
interest. Since we were particularly interested in updating trends in CKD prevalence, we a
priori chose to compare prevalence from NHANES 2003-04, which was the data cycle used
for the most recent prior analyses, (4, 5, 7-9) to the latest NHANES 2011-12. To display
temporal trends or temporal trends stratified by a factor (e.g., age), we used marginal effect
estimation (24). For example, to display the effect of age over time, marginal effect
estimation holds the other covariates (sex, race/ethnicity, and diabetes status) fixed at their
observed values while varying age and year. It does this by using the fitted model to
calculate the predicted risk for each year and each person as if the person were in each of the
different age categories; those are then averaged to calculate the average CKD risk for a
given age and year. We used the standard Wald tests from Stata’s sample survey logistic
regression analysis (which derive standard errors using Taylor linearization) to derive p-
values. To compare the prevalence in 2003-4 with prevalence in 2011-12 we used the
“lincom” command in Stata to compare the heights of the curve at the two years. To test for
interactions of the temporal trends across categories (e.g., age) we tested the combined
interaction of the spline terms with the category of interest. Values for graphing the spline
fits and their standard errors were derived using the “margins” command in Stata. Analyses
were performed using SAS Ver 9.2 (SAS Institute, Cary, NC) and Stata 13.1 (StataCorp,
College Station, TX).

Role of the Funding Source

The ASN and the NIH had no role in the design, conduct, and analysis of the study or in the

decision to submit the manuscript for publication. National Center for Health Statistics/CDC
authors provided technical advice and manuscript review. The CDC performed a final review
of the manuscript to ensure that the analysis met methodological standards. The investigators

Ann Intern Med. Author manuscript; available in PMC 2017 October 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Murphy et al. Page 5

are solely responsible for the content and the decision to submit the manuscript for
publication.

IRB Approval

This study is approved by the University of California, San Francisco Institutional Review
Board (Committee on Human Research application # 10-04162).

RESULTS

Characteristics of adult U.S. population we studied by survey periods are shown in Table 1.
In later calendar years, mean age was higher, the percentage of non-Hispanic whites was
lower and a higher fraction of the population was classified as having diabetes mellitus.

Temporal trends in crude prevalence of CKD stages 3-4

The crude prevalence of CKD stages 3 and 4 (CKD-EPI equation estimated glomerular
filtration rates [eGFR] 15-59 ml/min/1.73m?) rose from 4.8% (95% confidence interval [CI]
4.3-5.4%) in 1988-94 t0 6.9% (5.9-7.9%) in 2003-04 but has largely stabilized thereafter,
being 6.9% (5.5-8.3%) also in 2011-12 (Table 2)(Supplemental Table 2 shows number of
NHANES participants providing data for each of the cells).

Absolute disease prevalence was considerably higher among the older adults than the
younger adults. But this lack of increase in CKD prevalence over the most recent decade was
generally seen in all age strata. For example, among those age 65—79 years, the prevalence
rose from 19.4% (17.0-21.8%) in 1988-94 to 25.1% (20.7-29.5%) in 2003-04 and
subsequently declined to 21.7% (18.0-25.4%) in 2011-12. For both men and women, the
unadjusted prevalence of CKD was higher in 2003-04 than in 1988-94 but has since largely
remained unchanged: 7.8% (6.3-9.4%) in women and 5.9% (4.5-7.2%) in men in 2011-12.
The crude CKD prevalence among non-Hispanic whites peaked at 8.1% (6.3-9.9%) in
2005-06 from 5.4% (4.7-6.2%) in 1988-94 and then has largely remained stable, with
prevalence of 8.0% (6.1-10.0%) in 2011-12. However, the crude CKD prevalence among
non-Hispanic blacks increased progressively across the study period, growing from 3.7%
(3.2-4.2%) in 1988-94 to 4.9% (3.5-6.2%) in 2003—4 to 6.2% (4.7-7.7%) by 2011-12.

When the study sample was classified by diabetes status, the prevalence of CKD in the
diabetes category rose from 14.3% (12.0-16.7%) in 1988-94 to 19.5% (15.5-23.5%) in
2003-04 and remained largely stable thereafter, being 19.1% (15.8%-22.4%) in 2011-12.
The prevalence of CKD in the non-diabetic category rose from 4.1% (3.5-4.6%) in 1988-94
t0 5.6% (4.5-6.6%) in 2003-04 and then remained largely stable, being 5.3% (3.9-6.7%) in
2011-12.

Temporal trends in adjusted prevalence of CKD stages 3-4

The adjusted trends were consistent with the crude prevalence results. There was little
difference in adjusted prevalence of CKD stages 3—4 overall between 2003-04 and 2011-12
(p=0.26).

Ann Intern Med. Author manuscript; available in PMC 2017 October 04.
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The sex, race/ethnicity and diabetes status adjusted prevalence of stage 3-4 CKD was higher
among older individuals. However, in all age groups, the temporal trend was one of no
further increase in adjusted prevalence after the early 2000’s (p for age-year interaction
=0.135)(Figure 1A).

In both men and women, a pattern was observed of initial increase in adjusted CKD stages
3-4 prevalence through the early 2000’s followed by stabilization through the end of the
study period (p for sex-year interaction =0.61)(Figure 1B).

Adjusted prevalence of stage 3—4 CKD among non-Hispanic blacks continued to rise
throughout the study period (Figure 1C). This was not the estimate for other race/ethnic
groups. However, there was not a statistically significant difference in the trends by race/
ethnicity (p-value for interaction =0.40).

Figure 1D shows the temporal trend in prevalence by diabetes status, adjusting for age, sex,
and race/ethnicity. The initial increase in adjusted prevalence of CKD stages 3—4 stopped
around the 2000’s among those classified as not having diabetes, while the prevalence
appeared to continue to rise for those classified as having diabetes (although no statistically
significant interaction was noted with p for diabetes-year interaction =0.23).

Expanded definition of CKD

Using the expanded definition of CKD, there was little change in crude CKD prevalence
overall from 14.0% (12.4-15.5%) in 2003-04 to 14.2% (12.4-15.9%) in 2011-12 (Table 3)
(Supplemental Table 3 shows number of NHANES participants providing data for each of
the cells).

During the study period, adjusting for age, sex, race/ethnicity and diabetes status, we
observed a slight decrease in adjusted CKD prevalence overall (p =0.019)(red lines in
Supplemental Figures 1A to 1D).

Using the expanded definition of CKD, consistent with the CKD definition based on eGFR
only (Figure 1C), adjusted prevalence of disease among non-Hispanic blacks showed a
continued increase through 2012, differing from the pattern in other race/ethnicity subgroups
(although still no statistically significant interaction was noted with p for race/ethnicity-year
interaction =0.24)( Supplemental Figure 1C). Among people with and without diabetes,
using the expanded definition of CKD, there were no increases in the adjusted prevalence of
disease (p for diabetes-year interaction =0.22) (Supplemental Figure 1D).

Sensitivity analysis using MDRD equation to estimate GFR

Largely similar results were seen in sensitivity analyses when the MDRD equation was used
instead to define CKD (Supplemental Table 4 and 5 and Supplemental Figure 2 and 3).

CONCLUSIONS

In this study, we found encouraging news regarding the prevalence of CKD in the overall
U.S. adult population. Our analyses indicate that, in a reversal of prior trends, there has been

Ann Intern Med. Author manuscript; available in PMC 2017 October 04.
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no appreciable increase in the prevalence of stages 3—4 CKD in the U.S. population overall
during the most recent decade. This secular pattern is consistent with the more recent
epidemiology of ESRD, which has also shown a stabilization of ESRD incidence in the
United States since the early 2000’s (1). Our observations are also consistent with
international studies, particularly a recent analysis of data from the nationally representative
Health Survey for England random samples, which reported no increase in prevalence of
CKD (defined there as eGFR <60 mL/min/1.73m?2) from 2003 to 2009-10 (25).

Our findings based on more recent data are in contrast to prior peer-reviewed publications
reporting analyses of older data (summarized in Supplemental Table 6). For example, Hsu et
al. estimated that between NHANES Il (1976-80) to NHANES 111 (1988-94), among those
aged 2074, overall prevalence of CKD (defined in that study as eGFR <60 mL/min/1.73m?)
increased 1.7% per year (7). Coresh et al. reported a 3.5% yearly increase of stages 1-4
CKD from NHANES I11 (1988-94) to NHANES 1999-2004 using serum creatinine-based
eGFR while Grams et al. reported a yearly increase of stages 3—-4 CKD of up to 5.0% from
NHANES 111 (1988-94) to NHANES 1999-2002 using cystatin C based eGFR (4, 5).

The lack of increase in CKD prevalence since the early 2000’s was a temporal trend also
noted in the majority of subgroups examined, stratifying by age, sex, race/ethnicity as well
as diabetes classification. However, for non-Hispanic blacks, the crude as well as adjusted
CKD prevalence increased from the early 2000s through 2011-12. The increase in non-
Hispanic blacks was consistently observed when CKD was defined either as eGFR of 15-59
mL/min/1.73m? or with an expanded definition of CKD, which also counted persons with
higher eGFR but a one-time urine ACR =30 mg/g. This increase in CKD prevalence in non-
Hispanic blacks warrants careful monitoring. Prior studies have emphasized racial difference
in progression of CKD towards ESRD (26) and there have been important recent advances in
our understanding of the importance of genetic contributions in addition to well-known
racial differences in clinical risk factors and disparities with regard to access to care (27).
Further research will need to reconcile observations reported here with the encouraging
secular pattern in ESRD in which the incidence of ESRD among blacks has fallen over time
more notably than among whites in the United States (1). Specifically, the incidence of
ESRD—although remaining at a much higher level in blacks--has dropped sooner and to a
greater extent in blacks than in whites (age-sex adjusted incidence for blacks peaked in 2002
at 1078 per million/year and fell progressively to 865 per million/year in 2013 vs. highest
observed incidence for whites was 299 per million/year in 2006 before falling to 286 per
million/year in 2013)(1).

Our findings of CKD prevalence among those classified as having diabetes--especially the
analysis taking into account the presence of albuminuria, a classic hallmark of diabetic
kidney disease (Table 3 and Supplemental Figure 1D)--are consistent with a prior analysis of
NHANES data through 2008 which reported no change in the prevalence of diabetic kidney
disease (28). Our study also examined the concurrent prevalence of CKD among those not
considered to have diabetes and extended the temporal trend analysis through 2012 to
demonstrate continued stability.

Ann Intern Med. Author manuscript; available in PMC 2017 October 04.
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Possible reasons for the recent stabilization of overall CKD prevalence--despite continued
aging of the U.S. population and the increased prevalence of obesity--include successful
adoption across the population of reno-protective measures discovered since the 1980s and
considerable advances in medical treatments in the past several decades (29). For example,
when the landmark United Kingdom Prospective Diabetes Study (UKPDS) trial was
conducted in the 1980s, it was thought acceptable to allow patients with type 2 diabetes in
the control arm to have blood pressures as high as 200/105 mmHg (this threshold was
lowered to 180/105 mmHg in 1992)(30). The first large scale randomized control trial to
demonstrate the reno-protective effect of renin-angiotensin system blockade was not
published until 1993 (31). For patients with diabetes, large strides have also been made in
glycemic control (32), which probably explains why a Finnish study found that those
diagnosed with type 1 diabetes in 1980 through 1999 had less than half the risk of
developing ESRD compared with those diagnosed in 1965 through 1969 (33). Reductions in
the risk of ESRD among U.S. persons with type 2 diabetes have also been reported by the
CDC (34). While the cross-sectional nature of NHANES data limits causal inference, data
from serial NHANES surveys also show that hypertension control has improved over time
(for example, reduced likelihood of uncontrolled blood pressure) among those with and
without CKD (35-38). For example, from 1988-1994 to 1999-2000, the percent of US
hypertensive adults who took a prescription antihypertensive medication increased from
57.3% to 62.9%, including a 68% increase in angiotensin-converting enzyme inhibitor use
(36). From 2001-2002 to 2009-2010, the use of angiotensin-converting enzyme inhibitors
increased by 31% and the use of angiotensin receptor blockers by 100%. Blood pressure
control rates among hypertensive adults increased from 28.7% in 2001-2002 to 47.2% in
2009-2010. (Blood pressure control rates improved among those with diabetes mellitus from
35.6% to 44.6% and rates improved among those with chronic kidney disease from 29.6% to
43.7%)(37). There have also been clear improvements in glycemic control among patients
with diabetes shown in serial NHANES analyses. For example, the prevalence of calibrated
HbA ¢ levels less than 7.0% increased from 50.9% in 1988-1994 to 58.8% in 2005-2010
among adults with diagnosed diabetes. And among persons who reported currently taking
medications for diabetes, the prevalence of calibrated HbA levels less than 7.0% increased
from 39.7% in 1988-1994 to 55.1% in 2005-2010 (39). Additional strides have been made
in treatment of less common causes of ESRD, such as multiple myeloma (40). Thus, it is
very plausible that better medical management of these conditions has played a large role in
halting the previous rising trend in CKD prevalence and which in turn resulted in the recent
decline in the incident rate of ESRD.

Strengths of this study include use of rigorously-collected nationally representative survey
data, which can generalize to the entire U.S. non-institutionalized adult population.
NHANES collected data including a wide range of demographic information and comorbid
conditions in a uniform manner throughout the study years and provided recommendations
for the calibration of serum creatinine measurements. Our results are robust to alternative
equations used to estimate GFR and whether or not we considered persons with elevated
albuminuria.

In addition to the strengths, our study had several limitations. First, only one measurement
of serum creatinine and urine albuminuria were available which may result in

Ann Intern Med. Author manuscript; available in PMC 2017 October 04.
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misclassification of CKD status. However, this should not bias our assessment of temporal
trends since misclassification is likely to be non-differential with respect to calendar year.
Another limitation is that we could only analyze temporal trends in CKD prevalence and not
CKD incidence. Although conceivably an alternative explanation for our findings is an
increase in mortality rates among persons with CKD in later calendar years, we are unaware
of any data suggesting this is true. There is some misclassification of diabetes status since
we used Alc and not fasting glucose levels or 2-h glucose challenge values to define
diabetes (39, 41) and some patients with prediabetes may be prescribed metformin. Given
the serial cross-sectional nature of the NHANES data, we are limited in our ability to assess
the impact of secular trends in treatment, including differential rates of control of risk factors
in demographic or disease subgroups. We did not analyze data on the impact of socio-
economic status and correlated health behaviors and health care access.

CKD has been recognized as a major public health problem, associated with substantial
morbidity, mortality as well as financial cost to the healthcare system. Information regarding
the prevalence of CKD using nationally representative NHANES data has provided a
benchmark for kidney disease studies, prevention efforts, and health care planning. Our
finding that CKD prevalence has plateaued within the last decade is encouraging and
important, but the apparent continued increase in CKD prevalence among non-Hispanic
blacks is concerning. Reversal of the previously observed trend in increase in CKD
prevalence in the overall population could potentially save lives and healthcare resources.
Further research might be considered to explain observed trends in CKD prevalence and to
better understand potentially important differences in patterns by race/ethnicity subgroups.
Identification of particularly impactful strategies accounting for this would be important as
ensuring more widespread adoption of such strategies could lead to large clinical and public
health benefits and continue to sustain and improve CKD prevalence trends for all
population groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Adjusted prevalence (as percentage) of CKD stages 3—4 (eGFR 15-59 ml/min/1.73m2
by CKD-EPI equation) in U.S. adults by age (1A), sex (1B), race/ethnicity (1C) and presence or
absence of diabetes mellitus (1D), NHANES 1988-1994 through 2011-2012

Each subgroup is adjusted for the other three subgroup variables (e.g. 1A is adjusted for sex,
race/ethnicity, and diabetes status).

CKD-=chronic kidney disease

CKD-EPI = Chronic Kidney Disease-Epidemiology Collaboration

eGFR = estimated glomerular filtration rate

NHANES = National Health and Nutritional Examination Survey
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