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chronic kidney 
disease in 
the general 
population

I hear the human race
Is fallin’ on its face
And hasn’t very far to go,
But ev’ry whippoorwill
Is sellin’ me a bill,
And tellin’ me it just ain’t so. 

Richard Rodgers & Oscar Hammerstein II, 
“A Cockeyed Optimist”

chapter one
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INTRODUCTION

On the next page we begin by showing the overall burden 

and interactions of diabetes, congestive heart failure, and 

CKD — three interrelated chronic diseases of clear public 

health relevance — and compare prevalence estimates in 

2001–2004 and 2005–2008. While the prevalence of diabe-

tes has clearly increased, and the prevalence of conges-

tive heart failure has remained stable, the prevalence of 

CKD appears to have declined slightly, from 15.8 percent 

to 15.1 percent when calculated with the MDRD formula, 

and from 14.7 percent to 14.5 percent when calculated 

with the CKD-EPI formula; prevalence estimates of CKD in 

1988–1994 were 12.8 and 12 percent, respectively.

Estimates of CKD burden are partly dependent on the 

equation used to define the estimated glomerular filtra-

tion rate (eGFR): when the newer CKD-EPI equation is used, 

the prevalence of eGFR less than 60 ml/min/1.73 m2 is low-

ered by a factor of 0.88 (6.9 percent versus 7.8 percent) 

compared with the estimate from the older MDRD Study 

equation. Regardless of the method used to estimate 

GFR, low eGFR and high urinary albumin/creatinine 

ratio (ACR) are most likely to be found in the presence 

of age greater than 60, diabetes, hypertension, and 

cardiovascular disease.

 Exploring the implications of CKD, diabetes, and car-

diovascular disease in the general population, this chapter 

sets the stage for Chapter Two, in which we discuss the 

implications of CKD in datasets that are less well defined 

in terms of biochemical data, but that provide extensive 

information on morbidity, interventions, and costs not 

contained in the NHANES data or other samples.
» Figure 1.1; see page 122 for analytical methods. NHANES partici-

pants age 20 & older.

In this chapter we use data from the National Health 
and Nutrition Examination Survey (NHANES), a valuable 

source of information for assessing disease burden and 
high-risk subsets among representative U.S. adults. 
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11i 
Distribution of NHANES participants with diabetes, congestive heart failure, 
& markers of CKD, with GFR estimated by MDRD & CKD-EPI equations
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STRATEGIES FOR IDENTIFYING CKD | COMORBIDITY

13i 
Cumulative eGFR distribution curves of NHANES 2001–2008 
participants, by method used to estimate GFR

12i 
Odds ratios of CKD in NHANES 2001–2008 participants, 
by risk factor & method used to estimate eGFR

1ai 
Prevalence & odds ratios of CKD in NHANES 2001–2008 participants, by ACR & method used 
to estimate GFR, age, gender, race/ethnicity, & risk factor (percent of participants)

eGFR: MDRD eGFR: CKD-EPI Albumin/creatinine ratio 
eGFR <60 Odds eGFR <60 Odds ACR ≥30 Odds

 ml/min/1.73 m2 ratio ml/min/1.73 m2 ratio mg/g ratio
20-39 0.5 ref. 0.2 ref. 5.7 ref.
40-59 4.3 6.8 2.3 7.0 8.5 1.2
60+ 26.0 33.0 26.0 63.9 19.7 2.5
Male 6.2 ref. 5.7 ref. 9.2 ref.
Female 9.3 1.6 8.1 1.4 10.6 1.2
Non-Hispanic white 9.2 ref. 8.1 ref. 9.1 ref.
Non-Hispanic Af Am 5.4 0.6 5.7 0.9 13.1 1.5
Other 3.2 0.5 2.6 0.5 11.4 1.7
Self-reported diabetes 21.3 1.5 19.8 1.4 33.4 3.4
Self-reported hypertension 17.2 1.9 16.0 2.0 17.3 1.6
Self-reported CVD 30.1 2.3 29.8 2.5 24.8 1.7
Current smoker 3.5 0.7 2.7 0.6 9.8 1.4
Obese (BMI ≥30) 8.1 0.8 7.1 0.8 12.4 1.2

All 7.8 6.9 9.9

With a single creatinine-based eGFR 
and the MDRD and CKD-EPI equa-
tions, 26 percent of NHANES partici-
pants age 60 or older have an eGFR 
of less than 60 ml/min/1.73 m2 (CKD 
Stages 3–5); 19.7 percent have a urinary 
albumin/creatinine ratio greater or 
equal to 30 mg/g. For all adults, multi-
variate associations of CKD for eGFR and 
ACR methodologies include older age, 
female gender, and self-reported diabe-
tes, hypertension, and cardiovascular 
disease. » Table 1.a & Figure 1.2; see page 122 for 
analytical methods. NHANES 2001–2008 partici-
pants age 20 & older. For Figure 1.2, odds 
ratios use populations without the risk 
factor as reference.

In cumulative frequency distributions of eGFR in U.S. adults, 
the creatinine-based CKD-EPI methodology for eGFR calcula-
tions yields higher estimates of GFR than those achieved with 
the creatinine-based MDRD method. » Figure 1.3; see page 122 for ana-
lytical methods. NHANES 2001–2008 participants age 20 & older.
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With both creatinine-based MDRD and CKD-EPI estimates, 
prevalence estimates of diabetes, hypertension, cardiovas-
cular disease (CVD, not including CHF), and CHF are noticeably 
higher in participants with eGFRs below 60 ml/min/1.73 m2. 
Approximately 64–68 percent of NHANES participants with an 
eGFR less than 60, for example, have hypertension, compared 
to 26 percent of those with an eGFR of 60 or greater, and their 
prevalence of CVD is nearly five-fold greater.

The prevalence of disease rises with CKD severity. In partici-
pants with eGFRs less than 30, 30–<45, and 45–<60, for exam-
ple, 40, 27, and 18 percent have diabetes, compared to 7 percent 
of those with an eGFR of 60 or above. And in participants 
with an eGFR less than 30, 84–85 percent have hypertension 
and 35–36 percent have CHF, compared to 5.0 and 1.5 percent, 
respectively, of participants with an eGFR of 60 or greater.

Slightly more than 75 percent of NHANES participants with 
an MDRD-estimated eGFR less than 60 ml/min/1.73 m2 are age 
60 years or older, compared with 85 percent when eGFR is cal-
culated with the CKD-EPI equation. 

The prevalence of comorbid illness among NHANES partici-
pants rises with albumin/creatinine ratio (ACR). Four percent 
of participants with an ACR less than 10 mg/g have diabetes, 
compared to 26 percent of those whose ACR is 30 or greater. 
Hypertension and CVD are present in 24 and 4.5 percent of par-
ticipants with an ACR below 10, compared to 51 and 13.5 percent 
of those with an ACR of 30 or greater. » Figures 1.4–7; see page 122 
for analytical methods. NHANES 2001–2008 participants age 20 & older.

 1   eGFR ≥90, albumin/creatinine 
ratio (ACR) ≥30 mg/g

 2   eGFR 60–89, ACR ≥30
 3   eGFR 30–59
 4   eGFR 15–29
 5   eGFR <15 (dialysis patients 

excluded from analyses)

 CKD STAGE MARKERS

14i 
Prevalence of comorbidity in NHANES 2001–2008 participants, 
by risk factor, eGFR, & method used to estimate GFR

15i 
Prevalence of comorbidity in NHANES 2001–2008 participants, by risk 
factor, expanded eGFR categories, & method used to estimate GFR

16i 
Distribution of NHANES 2001–2008 participants, 
by age, eGFR, & method used to estimate GFR

17i 
Prevalence of comorbidity in NHANES 2001–2008 
participants, by risk factor & albumin/creatinine ratio
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1999–2004 2005–2008
eGFR: MDRD eGFR: CKD-EPI eGFR: MDRD eGFR: CKD-EPI
(ml/min/1.73 m2) (ml/min/1.73 m2) ACR (mg/g) (ml/min/1.73 m2) (ml/min/1.73 m2) ACR (mg/g)

 <60 ≥60 <60 ≥60 30+ <30 <60 ≥60 <60 ≥60 30+ <30
Hypertension, by current hypertensive status1

  Non-hypertensive status 19.0 71.9 14.9 71.5 30.1 71.7 19.6 70.6 15.0 70.0 30.8 70.7
  Hypertensive (measured/treated) 81.0 28.1 85.1 28.6 70.0 28.3 80.4 29.4 85.0 30.0 69.2 29.4
Control of hypertension among hypertensive patients2

  Unaware 39.5 76.5 35.4 76.2 54.1 75.8 34.0 72.9 29.1 72.6 46.3 72.5
  Aware, not treated 7.1 8.7 7.2 8.7 9.4 8.5 5.6 8.8 6.1 8.7 10.9 8.3
  Aware, treated, uncontrolled 38.3 7.4 42.3 7.6 29.8 7.7 39.1 7.0 41.6 7.3 31.1 7.2
  Aware, treated, controlled 15.1 7.4 15.1 7.6 6.7 8.1 21.3 11.4 23.3 11.5 11.6 12.0
Hypercholesterolemia (LDL): LDL cholesterol3

  Within ATP-III target LDL range 18.8 64.5 19.2 64.0 44.9 62.5 31.2 78.4 34.2 77.5 68.7 75.9
  Hypercholesterolemic (measured or treated) 81.2 35.5 80.8 36.0 55.1 37.5 68.8 21.6 65.9 22.6 31.3 24.1
Control of hypercholesterolemia (LDL) among participants with hypercholesterolemia (LDL)4

  Unaware 50.7 71.0 49.8 70.9 56.3 70.5 49.4 71.7 51.6 71.0 67.0 70.4
  Aware, not treated 8.2 7.9 6.2 8.0 10.1 7.9 9.3 6.6 6.8 6.8 3.7 7.1
  Aware, treated, uncontrolled 23.0 8.0 22.9 8.2 16.3 8.6 22.4 5.7 18.2 6.3 10.3 6.6
  Aware, treated, controlled 18.1 13.1 21.1 12.9 17.3 13.0 18.9 16.1 23.5 15.8 19.1 15.8
HDL cholesterol in ATP III target range5

  HDL <40 mg/dl (ATP III target) 14.4 16.0 14.0 16.0 18.7 15.5 15.0 15.5 15.0 15.5 18.8 15.1
  HDL 40 mg/dl or higher (at/above ATP III target) 85.6 84.0 86.0 84.0 81.3 84.5 85.0 84.5 85.1 84.5 81.3 84.9
Total cholesterol6

  <200 (desirable) 51.8 54.0 53.8 53.8 55.9 53.8 58.9 56.2 61.8 56.1 58.3 56.1
  200–239 (borderline high) 33.1 31.2 30.8 31.4 23.4 32.1 26.0 29.5 23.8 29.5 24.8 29.8
  240+ (high) 15.1 14.8 15.4 14.8 20.7 14.1 15.1 14.3 14.4 14.4 17.0 14.1
Control of diabetes among diabetic patients7

  Glycohemoglobin <7% (controlled) 54.8 46.8 54.8 47.0 39.1 53.0 56.9 54.6 58.4 54.3 46.7 59.5
  Glycohemoglobin 7% or higher (uncontrolled) 45.2 53.2 45.2 53.0 60.9 47.0 43.1 45.4 41.6 45.7 53.3 40.5

1bi 
Awareness, treatment, & control of hypertension, hypercholesterolemia, HDL, total cholesterol, 
& diabetes, by ACR, eGFR, & method used to estimate GFR (percent of NHANES participants)

 ANALYSIS DEFINITIONS
 1  Hypertension de� ned as blood 

pressure ≥130/≥80 for those with 
CKD and diabetes; otherwise 
≥140/≥90, or self-reported 
treatment for hypertension.

 2 Awareness and treatment are 
self-reported. Control de� ned as 
<130/<80 for those with CKD and 
diabetes; otherwise <140/<90.

 3  Hypercholesterolemia based on 
elevated LDL following Adult 
Treatment Panel III (ATP III) guidelines, 
with CKD considered a risk equivalent 
for chronic heart disease, self-
reported treatment, or self-reported 
dieting to lower cholesterol. 

 4  Awareness and treatment self-
reported. Control de� ned as 
meeting the National Cholesterol 
Education Program (NCEP) ATP 
III LDL target: <100 mg/dl (high 
risk), <130 mg/dl (moderate risk), 
or <160 mg/dl (low risk).

 5  HDL cholesterol classi� ed 
according to ATP III guidelines.

 6   Total cholesterol classi� ed 
according to ATP III guidelines.

 7   Glycohemoglobin classi� ed 
according to American Diabetes 
Association guidelines.

Here we use NHANES data from two time 
periods to evaluate awareness, treat-
ment, and control of disease conditions, 
using estimates of glomerular filtration 
rate (eGFR) from the MDRD and CKD-EPI 
methods (both creatinine-based).

In 1999–2004, using the MDRD 
method, 81 percent of participants with 
an eGFR less than 60 ml/min/1.73 m2 
had hypertension; only 15 percent, how-
ever, were aware of their condition and 
on a successful treatment regime. In 
2005–2008 participants, 80 percent 
were hypertensive and 21 percent were 
being treated successfully. With the 
CKD-EPI method, 85 percent of the 
1999–2004 cohort were hypertensive 
and 15 percent were being treated sucess-
fully, compared to 85 and 23 percent in 
2005–2008. Among 1999–2004 partici-
pants with eGFRs of 60 or greater (both 
MDRD and CKD-EPI formulas), 28 percent 

had hypertension and approximately 
7 percent were being successfully 
treated compared to 30 and 11 percent in 
2005–2008.

With both the MDRD and CKD-EPI for-
mulas, 81 percent of 1999–2004 partici-
pants with eGFRs less than 60 had hyper-
cholesterolemia (based on elevated LDL), 
but only 18–21 percent were successfully 
treated. The proportion of participants 
with hypercholesterolemia in the later 
period was lower, at 66–69 percent, but 
little improvement was observed in rates 
of successful treatment.

In 2005–2008,  approximately 
15 percent of participants with CKD 
had a high total cholesterol level, while 
40–50 percent had glycohemoglobin lev-
els above the recommended 7 percent. 
»  Table 1.b;  see page 123 for analytical methods. 
NHANES 1999–2008 participants age 20 & 
older; those with Stage 5 CKD excluded.
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18i 
Predicting death: sensitivity & specificity of different eGFR 
thresholds: MDRD equation, NHANES 1988–1994 participants

19i 
Predicting death: sensitivity & specificity of different eGFR 
thresholds: CKD-EPI equation, NHANES 1988–1994 participants

111i 
Mortality rates in NHANES 1999–2004 
participants, by eGFR: MDRD equation

112i 
Mortality rates in NHANES 1999–2004 
participants, by eGFR: CKD-EPI equation

110i 
Predicting death: sensitivity & specificity of different 
ACR thresholds, NHANES 1988–1994 participants

 SPECIFICITY/SENSITIVITY
eGFR at threshold x
 “sensitivity” = (eGFR ≤ x | died)
 “speci� city” = (eGFR > x | survived)
ACR at threshold X
 “sensitivity” = (ACR > x | died)
 “speci� city” = (ACR ≤ x | survived)

For screening purposes, it can be useful to know the efficacy 
of different threshold levels for predicting death or survival 
in patients with CKD. For death within a finite time interval, 
a threshold where individuals classified as “normal” show 
low mortality rates (a high proportion of true negatives, with 
high specificity for predicting death) and those classified as 

“abnormal” show high mortality rates (a high proportion of true 
positives, with high sensitivity for predicting death) might be 
attractive for defining subgroups in which intensive follow-up 
and treatment may be appropriate, and for classification pur-
poses as well.

Figures 1.8–10 show sensitivity and specificity values for dif-
ferent threshold renal values among NHANES III participants 
(1988–1994) followed through 2006. Conventionally used 
thresholds — like <60 ml/min/1.73 m2 for eGFR and ≥30 mg/g 
for ACR  — exhibit low sensitivity and high specificity values 
for predicting death. » Figures 1.8–10; see page 123 for analytical methods. 
NHANES III (1988–1994) participants age 20 & older.

Here we show annual mortality rates in 1994–2004 NHANES 
participants. For eGFR below 90 ml/min/1.73 m2, mortality 
rates are higher with the CKD-EPI formula; for eGFRs above 90, 
rates are lower. » Figures 1.11–12; see page 123 for analytical methods. NHANES 
1999–2004 participants age 20 & older.
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odds of ckd in nhanes particpants with egfr <60 ml/min/1.73 m2 or acr ≥30 mg/g
self-reported [sr] risk factors
mdrd equation  » sr diabetes 21% » sr hypertension 17% » sr cardiovascular disease 30% (table 1.a)

ckd-epi equation  » sr diabetes 20% » sr hypertension 16% » sr cardiovascular disease 30% (table 1.a)

acr » sr diabetes 33% » sr hypertension 17% » sr cardiovascular disease 25% (table 1.a)

prevalence of comorbidity in nhanes 2001-2008 participants 
egfr <60 [mdrd equation] » diabetes 21% » hypertension 64% » cvd 21% » chf 12% (fig 1.4)

egfr <60 [ckd-epi equation] » diabetes 22% » hypertension » 68% » cvd 24% » chf 14% (fig 1.4)

egfr ≥60 [mdrd and ckd-epi equations] » diabetes 7% » hypertension 26% » cvd 5% » chf 2% (fig 1.4)

mortality rates in nhanes 1999-2004 participants
deaths per 1,000 patient years
mdrd and ckd-epi equations » egfr <60 45 » egfr 60-89 7 » egfr 90+ 4 (fig 1.11) 
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