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Prevalence of Chronic Kidney Disease in US Adults with
Undiagnosed Diabetes or Prediabetes

Laura C. Plantinga,* Deidra C. Crews," Josef Coresh,™$ Edgar R. Miller, III," Rajiv Saran,
Jerry Yee,! Elizabeth Hedgeman,** Meda Pavkov," Mark S. Eberhardt,*
Desmond E. Williams,™ and Neil R. Powe,* for the CDC CKD Surveillance Team

*Department of Medicine, San Francisco General Hospital and University of California, San Francisco, San Francisco,
California; *Department of Medicine, School of Medicine, and Departments of *Epidemiology and SBiostatistics,
Bloomberg School of Public Health, Johns Hopkins University, Baltimore, Maryland; 'Department of Medicine and
**Arbor Research Collaborative for Health, University of Michigan, Ann Arbor, Michigan; IDivision of Nephrology and
Hypertension, Henry Ford Hospital, Detroit, Michigan; " Division of Diabetes Translation, Centers for Disease Control
and Prevention, Atlanta, Georgia; and #Division of NHANES, National Center for Health Statistics, Centers for
Disease Control and Prevention, Hyattsville, Maryland

Background and objectives: Prevalence of chronic kidney disease (CKD) in people with diagnosed diabetes is known to be
high, but little is known about the prevalence of CKD in those with undiagnosed diabetes or prediabetes. We aimed to
estimate and compare the community prevalence of CKD among people with diagnosed diabetes, undiagnosed diabetes,
prediabetes, or no diabetes.

Design, setting, participants, & measurements: The 1999 through 2006 National Health and Nutrition Examination Survey
is a representative survey of the civilian, noninstitutionalized US population. Participants who were aged =20 years;
responded to the diabetes questionnaire; and had fasting plasma glucose (FPG), serum creatinine, and urinary albumin-
creatinine ratio measurements were included (N = 8188). Diabetes status was defined as follows: Diagnosed diabetes,
self-reported provider diagnosis (n = 826); undiagnosed diabetes, FPG =126 mg/dl without self-reported diagnosis (n = 299);
prediabetes, FPG =100 and <126 mg/dl (n = 2272); and no diabetes, FPG <100 mg/dl (n = 4791). Prevalence of CKD was
defined by estimated GFR 15 to 59 ml/min per 1.73 m” or albumin-creatinine ratio =30 mg/g; adjustment was performed with
multivariable logistic regression.

Results: Fully 39.6% of people with diagnosed and 41.7% with undiagnosed diabetes had CKD; 17.7% with prediabetes and
10.6% without diabetes had CKD. Age-, gender-, and race/ethnicity-adjusted prevalence of CKD was 32.9, 24.2,17.1, and 11.8%,
for diagnosed, undiagnosed, pre-, and no diabetes, respectively. Among those with CKD, 39.1% had undiagnosed or
prediabetes.

Conclusions: CKD prevalence is high among people with undiagnosed diabetes and prediabetes. These individuals might

benefit from interventions aimed at preventing development and/or progression of both CKD and diabetes.
Clin ] Am Soc Nephrol 5: 673-682, 2010. doi: 10.2215/CJN.07891109

acterized by either albuminuria or reduced kidney
function, is >40% among adults with a diagnosis of
diabetes (1). Recent data indicate that 13% of US adults have
diabetes and that at least 25% of these adults’ diabetes is
undiagnosed. An additional 30% of US adults are at high risk
for developing diabetes and are considered to have prediabetes

T he prevalence of chronic kidney disease (CKD), char-
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(2,3). Despite the heavy burden of undiagnosed diabetes and
prediabetes, relatively little is known about CKD prevalence in
affected individuals.

In this study, we estimated the prevalence of CKD among a
representative sample of US adults with undiagnosed diabetes
and prediabetes, compared with that in adults with diagnosed
or no diabetes, using 1999 through 2006 National Health and
Nutrition Examination Survey (NHANES) data. We also exam-
ined whether the CKD prevalence among those with undiag-
nosed diabetes or prediabetes differed by demographic factors,
socioeconomic status, and clinical indicators.

Materials and Methods
Study Design

The NHANES, conducted by the National Center for Health Statistics
of the Centers for Disease Control and Prevention, consists of a stan-
dardized in-home interview, followed by a physical examination and
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blood and urine collection at a mobile examination center (MEC). Data
from NHANES consist of 2-year representative samples of noninstitu-
tionalized US civilian residents. All participants give written informed
consent. The protocol was approved by the National Center for Health
Statistics Research Ethics Review Board.

The combined data from the 1999 through 2000, 2001 through 2002,
2003 through 2004, and 2005 through 2006 continuous NHANES were
examined. The study was limited to participants who were at least 20
years of age, underwent a MEC examination, provided self-reported
information on diabetes, and had measured fasting plasma glucose
(FPG; N = 8188). Participants who were pregnant or had estimated GFR
(eGFR) <15 ml/min per 1.73 m? were excluded (n = 550). NHANES
had a 70% response rate for MEC examinations among adults who
were aged =20 years (http://www.cdc.gov/nchs/nhanes/nhanes_
cps_totals.htm), and 94.3% (8188 of 8682) of the eligible MEC sample
were analyzed in this study.

Measurements

FPG was measured using the hexokinase method, and glycohemo-
globin was measured using HPLC at the University of Missouri-Co-
lumbia (1999 through 2004) and the University of Minnesota (2005
through 2006). Appropriate regression equations were applied to both
FPG (http://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/glu_d.pdf)
and glycohemoglobin (http://www.cdc.gov/nchs/data/nhanes/
nhanes_05_06/ghb_d.pdf) to make the data comparable across survey
years.

Self-reported information on demographics (age, gender, race/eth-
nicity), socioeconomic status (education, insurance, income), and health
conditions (diagnosed diabetes, hypertension) was obtained during the
interview, as was prescription medication information, with the inter-
viewer recording the names of medications from the bottles provided
by the participant. Height and weight were measured during the MEC
examination. Serum creatinine was measured by the modified kinetic
method of Jaffe using different analyzers in different survey years.
Random spot urine samples were obtained, and urine albumin and
creatinine were measured using frozen specimens. Urine albumin was
measured using solid-phase fluorescence immunoassay; urine creati-
nine was measured using the modified Jaffe kinetic method in the same
laboratory.

Definitions

Diagnosed diabetes was defined by the answer “yes” to the question,
“Have you ever been told by a doctor or other health professional that
you have diabetes or sugar diabetes?” Those who answered “no” or
“borderline” (n = 43) to the same question were classified according to
their measured FPG only: Undiagnosed diabetes, FPG =126 mg/dl;
prediabetes, FPG =100 but <126 mg/dl; and no diabetes, FPG <100
mg/dl (4).

We defined CKD as either reduced kidney function or elevated
albuminuria, because reduced kidney function may occur even in the
absence of albuminuria in those with type 2 diabetes (5,6). eGFR was
calculated according to the Modification of Diet in Renal Disease
(MDRD) Study (7) and Chronic Kidney Disease Epidemiology Collab-
oration (CKD-EPI) (8) equations for calibrated creatinine. We corrected
serum creatinine levels in the 1999 through 2000 and 2005 through 2006
surveys, according to NHANES documentation (9). Albuminuria was
defined by a urinary albumin-creatinine ratio of 30 to 300 mg/g (mi-
croalbuminuria) and >300 mg/g (macroalbuminuria). Because urine
albumin measurements in NHANES were cross-sectional, we did not
have data on persistent albuminuria, and the definitions of stages were
therefore modified as follows: Stage 1, eGFR >90 ml/min per 1.73 m?

Clin ] Am Soc Nephrol 5: 673-682, 2010

and presence of albuminuria at a single measurement; stage 2, eGFR 60
to 89 ml/min per 1.73 m* and presence of albuminuria at a single
measurement; and stages 3 and 4, eGFR 15 to 59 ml/min per 1.73 m>.

Self-reported hypertension was defined by the answer “yes” to the
question, “Have you ever been told by a doctor or other health profes-
sional that you have hypertension, or high BP?” Self-reported hyper-
tension was used as another identified high-risk condition for which
the participant might be followed for CKD. The use of diabetes medi-
cations was defined as any prescription for any of the drugs metformin
HC], insulin, glimepiride, glipizide, glyburide, pioglitazone, or rosigli-
tazone. Angiotensin-converting enzyme inhibitors (ACEIs) and angio-
tensin II receptor blockers (ARBs), used to treat both hypertension and
CKD, were also identified.

Statistical Analysis

Selected characteristics were compared across all four diabetes status
groups, using x* and Kruskal-Wallis tests for categorical and continu-
ous variables, respectively. Bonferroni correction was used for addi-
tional pairwise comparisons of interest between groups (gender and
race/ethnicity versus diabetes status). Unadjusted and adjusted CKD
prevalence was calculated by diabetes status, and variance of propor-
tions was estimated with Taylor series linearization, a standard ap-
proach for estimation of SEs for multistage samples that consist of
many sampling units. Prevalence estimates were adjusted for age,
gender, and race/ethnicity using multivariable logistic regression. Sen-
sitivity analyses, in which diagnosed diabetes was also defined by use
of diabetes medications and in which CKD was defined by various
cutoffs of both reduced kidney function (eGFR 15 to 59 ml/min per 1.73
m?) and albuminuria, were also performed to estimate the effects of
possible misclassification of diabetes and CKD.

All analyses were performed using the svy commands in Stata 10.0
(Stata Corp, College Station, TX) to account for the complex sample
design of the survey. P < 0.05 was considered statistically significant.

Results
Selected Characteristics by Diabetes Status

Individuals with diagnosed or undiagnosed diabetes were
older and had higher FPG and glycohemoglobin than those
with prediabetes or no diabetes (Table 1). The gender distribu-
tion differed significantly across all four diabetes groups; in
pairwise comparisons, those with undiagnosed diabetes were
more likely to be male than those with diagnosed diabetes (P =
0.005), and those with prediabetes were more likely to be male
than those with no diabetes (P < 0.001). Overall, race/ethnicity
differed across diabetes groups, and, in pairwise comparisons,
non-Hispanic white individuals composed a larger proportion
of those with undiagnosed diabetes, prediabetes, and no dia-
betes, relative to diagnosed diabetes (P = 0.015, <0.001, and
<0.001, respectively). Individuals with prediabetes or no dia-
betes were more likely to have a higher education level and
higher income than those with diagnosed or undiagnosed dia-
betes; those whose diabetes was diagnosed were more likely to
be insured and have a routine site for health care than the other
groups. Those with diagnosed diabetes, undiagnosed diabetes,
or prediabetes were less likely to be smokers but were more
likely to be obese than those with no diabetes. More than half of
those with diagnosed or undiagnosed diabetes reported having
hypertension, whereas only approximately one fifth of those
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Table 1. Population characteristics by diabetes status, NHANES 1999 through 2006

Diabetes Status

Characteristic pe
Diagnosed Diabetes =~ Undiagnosed Diabetes = Prediabetes =~ No Diabetes
n 826 299 2272 4791 —
Mean FPG (mg/dl) 153.0 166.5 107.1 90.7 <0.001
Mean glycohemoglobin (%) 7.21 7.04 5.49 5.23 <0.001
Mean age (years) 57.7 58.8 52.0 424 <0.001
Gender (%) <0.001
male 48.4 63.0 59.9 439
female 51.6 37.0 40.1 56.1
Race/ethnicity (%)P° <0.001
non-Hispanic white 61.7 74.0 74.2 72.3
non-Hispanic black 15.1 11.8 7.8 114
Mexican American 8.4 6.6 7.7 7.1
Education (%) <0.001
less than high school 29.0 31.7 22.8 16.6
high school or more 71.0 68.3 77.2 83.4
Household income (%) <0.001
<$20,000 26.6 241 18.3 15.0
$20,000-$44,999 35.6 434 29.1 28.5
$45,000-$74,999 20.1 15.9 26.6 26.7
=$75,000 17.7 16.6 26.1 29.8
Insurance (%) <0.001
not insured 8.9 16.8 17.3 19.4
insured 91.1 83.2 82.7 80.6
Routine site for health care (%) <0.001
no 2.5¢ 10.3 15.8 16.5
yes 97.5 89.7 84.2 83.5
Smoking (%) 0.020
every day 18.6 17.4 19.0 22.3
sometimes/not at all 81.4 82.6 81.0 777
BMI (kg/m?; %) <0.001
=30 55.3 55.1 39.7 24.6
<30 447 449 60.3 75.4
Self-reported hypertension (%) <0.001
yes 60.3 54.6 36.6 20.9
no 39.7 452 63.4 79.1
ACEIs/ARBs (%) <0.001
yes 20.8 11.0 7.5 3.0
no 79.2 89.0 92.5 97.0

Diagnosed diabetes, self-reported of diabetes diagnosis; undiagnosed diabetes, FPG =126 mg/dl and no self-report of
diabetes; prediabetes, FPG =100 and <126 mg/dl and no self-report of diabetes; no diabetes, FPG <100 mg/dl and no self-

report of diabetes. BMI, body mass index.

2Across all four groups of diabetes status, by x* (categorical variables) and Kruskal-Wallis (continuous variables) tests.
POther race/ethnicity not shown because of small sample sizes, but individuals in category are included in all analyses.

“Unreliable estimate: Relative SE =30%.

with no diabetes did. Reported ACEI/ARB use was low overall
but highest among those with diagnosed diabetes (Table 1).

Prevalence of CKD by Diabetes Status

The unadjusted CKD prevalence using the MDRD Study
equation (7) was 39.6 and 41.7% in those with diagnosed and
undiagnosed diabetes, respectively (Figure 1A). In those with

prediabetes, the CKD prevalence was 17.7%, compared with
10.6% in those with no diabetes. Prevalence was slightly lower
but similar with the CKD-EPI equation (Figure 2A) (8), with
slightly fewer individuals in later stages of CKD. Of those with
diagnosed diabetes and CKD, 39.0% had stage 3 or 4 CKD, and
for those with undiagnosed diabetes and CKD, 40.6% had stage
3 or 4 CKD. For those with prediabetes and CKD, 56.2% had
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Figure 1. Unadjusted (A) and age-, gender-, and race/ethnicity-
adjusted (B) population prevalence (%) of stages 1 through 4
CKD, with estimation of GFR by the MDRD Study equation, by
diabetes status, NHANES 1999 through 2006. Diagnosed dia-
betes is defined as self-report of provider diagnosis; undiag-
nosed diabetes is defined as FPG =126 mg/ml, without a report
of provider diagnosis; prediabetes is defined as FPG =100 and
<126 mg/dl; and no diabetes is defined as FPG <100 mg/ml.
CKD is defined by MDRD Study equation-calculated eGFR
stage and a single determination of albuminuria (stages 1 and
2). Values in parentheses (A) and bars (B) represent 95% con-
fidence intervals.

stage 3 or 4 CKD. Among those with stage 3 or 4 CKD, 19.4,
20.7, 18.0, and 14.5% of those with diagnosed diabetes, undi-
agnosed diabetes, prediabetes, and no diabetes, respectively,
had evidence of albuminuria in addition to reduced kidney
function (similar for CKD-EPI estimation; data not shown).
Adjustment for estimated persistence of albuminuria (10) and
for gender-specific cutoffs for albuminuria (11) resulted in
slightly lower and higher prevalence, respectively, but similar
patterns across diabetes categories (Tables 2 and 3). A much
stricter definition of CKD (reduced kidney function and mi-
croalbuminuria, or macroalbuminuria alone (Tables 2 and 3)
resulted in much lower but still substantial CKD prevalence,
with similar patterns across diabetes categories. Similarly, de-
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Figure 2. Unadjusted (A) and age-, gender-, and race/ethnicity-
adjusted (B) population prevalence (%) of stages 1 through 4
CKD, with estimation of GFR by the CKD-EPI equation, by
diabetes status, NHANES 1999 through 2006. Diagnosed dia-
betes is defined as self-report of provider diagnosis; undiag-
nosed diabetes is defined as FPG =126 mg/ml, without a report
of provider diagnosis; prediabetes is defined as FPG =100 and
<126 mg/dl; and no diabetes is defined as FPG <100 mg/ml.
CKD is defined by CKD-EPI equation-calculated eGFR stage
and a single determination of albuminuria (stages 1 and 2).
Values in parentheses (A) and bars (B) represent 95% confi-
dence intervals.

fining CKD by reduced kidney function and albuminuria alone
both resulted in lower prevalence estimates (particularly for
reduced kidney function and macroalbuminuria alone) but
similar patterns (Table 4).

After adjustment for age, gender, and race/ethnicity, CKD
prevalence using the MDRD Study equation (7) was lower in
those with undiagnosed versus diagnosed diabetes (24.2 versus
32.9%) and lower still among those with prediabetes (17.1%);
adjusted prevalence was lowest among those with no diabetes
(11.8%; Figure 1B). Adjusted prevalence was similar using the
CKD-EPI equation (Figure 2B) (8). Age accounted for much of
the difference between the unadjusted and adjusted CKD prev-
alence estimates. The undiagnosed and diagnosed groups had
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Table 2. Unadjusted population CKD prevalence by diabetes status and CKD definition, with estimation of GFR
by the MDRD Study equation, NHANES 1999 through 2006

Prevalence (95% CI) by Diabetes Status

Characteristic Diagnosed

Diabetes

Undiagnosed

Diabetes No Diabetes

Prediabetes

CKD defined by reduced kidney
function (15 to 59 ml/min per
1.73 m?) or microalbuminuria

ACR =30 39.6 (35.1 to 44.3)

% with stage 1 10.4 (7.9 to 13.5)
% with stage 2 13.4 (10.4 to 17.0)
% with stage 3A 10.0 (6.9 to 14.1)

41 (2.7 to 6.4)
1.1 (0.5 to 2.3)
32.5 (26.5 to 38.8)
44.3 (39.3 to 49.4)

% with stage 3B
% with stage 4
estimated persistence of ACR =30"
gender-specific ACR®
CKD defined by reduced kidney
function (15 to 59 ml/min per
1.73 m?) and microalbuminuria
or macroalbuminuria alone
ACR =30, or ACR >300
gender-specific ACR®

11.1 (8.4 to 14.6)
13.0 (10.3 to 16.4)

41.7 (345t049.2) 17.7 (15.6t020.1) 10.6 (9.4 to 11.9)
141 (8.8t022.0) 27(2.0t03.6) 2.0 (15 to 2.6)
10.7 (74t015.0) 47 (3.8t06.0) 2.6 (2.2t03.2)
119(83t016.8) 74(61t089) 4.1 (3.4 to5.0)
37(19t069)  19(14t026)  0.7(0.5t01.0)
13(05t03.7)  08(0.1t00.5)  0.2(0.0to 0.3)
32.3(255t039.2) 14.8(129t016.8) 8.0 (6.9 to 9.0)

48.7 (39.8 t0 57.7) 21.5(19.9t023.7) 12.9 (11.7 to 14.2)

6.6 (3.8t011.3)
8.4 (4.6 to 14.9)

3.7 (3.1to 4.5)
44 (3.7 to 5.4)

2.4 (1.9 to 3.0)
2.6 (2.1t03.2)

P < 0.001 across diabetes categories for all definitions listed. ACR, albumin-creatinine ratio; CI, confidence interval.
“Estimated persistence of albuminuria based on previous study (10) from repeat sampling in a subset of NHANES III.
PGender-specific cutoffs (11) were as follows: Microalbuminuria, ACR =17 mg/g and =25 mg/g, and macroalbuminuria,

ACR =250 and =355 mg/g, for men and women, respectively.

greater proportions of individuals aged =60 years than the
prediabetes and no diabetes groups (45.6 and 44.0 versus 31.0
and 14.4%, respectively); however, even after adjustment for
the differences in age distributions among diabetes groups,
CKD prevalence was higher among those with undiagnosed
and diagnosed diabetes than among those with prediabetes and
no diabetes. Further adjustment for gender and race/ethnicity
did not change the estimates substantially, regardless of esti-
mation equation; neither did additional adjustment for insur-
ance, income, self-reported hypertension or cardiovascular dis-
ease, reported use of ACEI/ARBs or diuretics, or body mass
index (data not shown). Among all individuals who were iden-
tified in this cohort as having CKD by the MDRD Study equa-
tion, 19.4% had diagnosed diabetes, 7.7% had undiagnosed
diabetes, 31.4% had prediabetes, and 41.5% had no diabetes
(19.4,7.7, 31.4, and 41.5% for CKD-EPI).

Prevalence of CKD among Individuals with Prediabetes and
No Diabetes, by Selected Characteristics

Those with prediabetes had higher adjusted CKD prevalence
than those with no diabetes; for those who were aged =60
years, the difference was not statistically significant (Tables 5
and 6). Women with prediabetes had higher CKD prevalence
than did women with no diabetes; the difference was NS for
men. After adjustment for demographics, CKD prevalence was
higher in those with prediabetes regardless of body mass index
or self-reported hypertension, although the differences were
not statistically significant using CKD-EPI (Table 6). Results

were similar without adjustment: 11.6 and 8.3% of those with
prediabetes and no diabetes, respectively, and no individuals
with self-reported hypertension had CKD by the MDRD Study
equation (9.6 and 6.5% for CKD-EPI).

Smoking, insurance status, and having a routine site for
health care were not significantly associated with CKD among
those with prediabetes or no diabetes, regardless of estimating
equation or FPG; higher education and income were associated
with lower CKD prevalence for all participants, but the associ-
ations were statistically significant only for those with no dia-
betes (data not shown). In sensitivity analyses in which those
who were on medications for diabetes were considered to have
a diagnosis regardless of self-report, 32 participants (18 with
undiagnosed diabetes, 12 with prediabetes, and two with no
diabetes) became participants with diagnosed diabetes; how-
ever, results using this classification were nearly identical to
those in Table 2 (data not shown).

Discussion

We found that CKD prevalence, as estimated by reduced
kidney function and presence of albuminuria, was high among
those with diabetes, regardless of diagnosis status or GFR
estimating equation; approximately 40% of those with undiag-
nosed diabetes showed evidence of CKD. By applying our final
CKD and diabetes prevalence estimates from NHANES to
available US Census data on noninstitutionalized adult civilian
residents, we estimate that up to 13 million US adults may have
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Table 3. Unadjusted population CKD prevalence by diabetes status and CKD definition, with estimation of GFR
by the CKD-EPI equation, NHANES 1999 through 2006

Prevalence (95% CI) by Diabetes Status

Characteristic

Dﬁ?gg;?sd Ungilsgé}coe:ed Prediabetes No Diabetes
CKD defined by reduced kidney
function (15 to 59 ml/min per
1.73 m?) or microalbuminuria
ACR =30 38.5(34.1t043.0) 40.0(32.5t048.1) 16.6(14.7t018.8) 9.2(8.2t0 10.3)
% with stage 1 143 (11.3t0179) 19.3(14.0t026.1)  3.5(2.7 to 4.6) 2.6 (2.0to 3.4)
% with stage 2 9.7 (7.7 to 12.1) 6.5 (3.9 t0 10.4) 39(3.0to5.2) 2.1(1.6t02.7)
% with stage 3A 9.0 (6.3 t0 12.7) 8.8 (5.7t0 13.2) 6.3 (5.2t07.6) 2.5(2.0t03.1)
% with stage 3B 3.6 (2.2t05.8) 39(20t07.1) 1.9 (1.4 to 2.6) 0.8 (0.5t01.1)
% with stage 4 1.2 (0.6 to 2.4) 1.6 (0.6 to 3.6) 0.3 (0.2 to 0.6) 0.2 (0.0t0 0.3)
estimated persistence of ACR 30.3(25.0t035.7) 339(26.2t042.2) 14.3(10.5t020.0) 6.4(2.5t010.4)
=30°
gender-specific ACR® 427 (379t047.6) 47.2(38.0t056.6) 20.4(18.41t022.4) 11.5(10.5t012.7)
CKD defined by reduced kidney
function (15 to 59 ml/min per

1.73 m?) and microalbuminuria

or macroalbuminuria alone
ACR =30, or ACR >300 109 (82to144)  66(38t0o11.3)  37(31t045) 2.3 (1.8t02.9)
gender-specific ACRP 12.5 (9.8 to 15.9) 8.4 (4.6 to 14.9) 4.4 (3.6 to 5.3) 25(2.1t03.1)

P < 0.001 across diabetes categories for all definitions listed. ACR, albumin-creatinine ratio; CI, confidence interval.

“Estimated persistence of albuminuria based on previous study (10) from repeat sampling in a subset of NHANES III

PGender-specific cutoffs (11) were as follows: Microalbuminuria, ACR =17 mg/g and =25 mg/g, and macroalbuminuria,
ACR =250 and =355 mg/g, for men and women, respectively.

Table 4. Unadjusted population prevalence of reduced kidney function and albuminuria by diabetes status,
NHANES 1999 through 2006

Prevalence (95% CI) by Diabetes Status

Characteristic Diagnosed Undiagnosed

Diabetes Diabetes Prediabetes No Diabetes

Reduced kidney function (15 to
59 ml/min per 1.73 m?) only
CKD-EPI estimation of GFR 14.0 (10.5 to 18.4) 13.8 (10.1 to 18.6) 85(73t010.0)  3.4(29t04.0)
MDRD estimation of GFR 15.7 (11.6 to 21.0) 16.3 (12.3 to 21.4) 97(82to114) 49(41t05.8)
Albuminuria only
microalbuminuria: ACR =30 29.2 (25.0 to 33.8) 29.2 (23.1 to 37.6) 9.7 (841t011.2) 5.8 (5.0t06.7)

macroalbuminuria: ACR =300 7.7 (4.7 t0 10.6) 33(1.4t07.7) 1.1 (0.8 to 1.6) 0.6 (0.4 t0 0.9)

microalbuminuria: gender- 35.2 (30.4 to 40.4) 39.8 (31.8 to 48.4) 142 (12.6 t0 159) 8.7 (7.8 t0 9.6)
specific ACR?*

macroalbuminuria: gender- 7.0 (4.8t09.9) 4.8 (1.8to12.1) 1.2(09t01.7) 0.6 (0.4t00.9)

specific ACR?*

P < 0.001 across diabetes categories for all definitions listed. ACR, albumin-creatinine ratio; CI, confidence interval.
“Gender-specific cutoffs (11) were as follows: Microalbuminuria, ACR =17 mg/g and =25 mg/g, and macroalbuminuria,
ACR =250 and =355 mg/g, for men and women, respectively.

undiagnosed or prediabetes and CKD. Although 42% of CKD tes had evidence of kidney damage and/or kidney function
cases occurred in those without diabetes, 39% of cases occurred  decline. Current standards of diabetes care recommend annual
in those with undiagnosed diabetes or prediabetes. CKD screening among those with diabetes (12); however, this

A substantial proportion of adults with undiagnosed diabe- screening is unlikely to occur in those with undetected diabetes
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Table 5. Adjusted prevalence of CKD, by MDRD Study equation estimation of GFR, among those with
prediabetes versus no diabetes, by selected characteristics, NHANES 1999 through 2006

% with Stages 1 through 4 CKD (95% CI)

Characteristic
Prediabetes No Diabetes p?

Overall 17.1 (15.9 to 18.5) 11.8 (10.5 to 13.3) <0.001
Age (years)

20 to 59 11.7 (10.6 to 12.9) 6.3(54t07.4) 0.001

=60 36.9 (34.3 to 39.5) 31.5(28.4 to 34.8) 0.164
Gender

male 14.3 (12.9 to 15.8) 8.1(6.91t09.6) 0.172

female 18.6 (17.0 to 20.4) 13.3 (11.5 to 15.4) 0.001
Race/ ethnicityb

non-Hispanic white 15.8 (144 to 17.2) 10.7 (9.3 to 12.3) 0.005

non-Hispanic black 20.4 (18.3t0 22.7) 12.9 (10.9 to 15.3) 0.036

Mexican American 14.5 (12.7 to 16.6) 7.6 (6.0 t0 9.5) 0.035
BMI (kg/m?)

<30 14.6 (13.1 to 16.3) 9.7 (8.5t0 11.2) 0.017

=30 17.9 (15.8 to 20.2) 11.5 (9.6 to 13.8) 0.008
Self-reported hypertension

yes 29.5 (27.1 to 31.9) 21.6 (18.7 to 24.8) 0.011

no 10.7 (9.3 to 12.4) 7.1 (6.0 to 8.3) 0.121

CKD defined by MDRD Study equation-calculated eGFR <60 ml/min per 1.73 m® or single micro/macroalbuminuria
measurement; prediabetes, FPG =100 and <126 mg/dl and no self-report of diabetes; no diabetes, FPG <100 mg/dl and no
self-report of diabetes. BMI, body mass index; CI, confidence interval.

“Prevalence estimates adjusted for age, gender, and race/ethnicity, excluding variables being examined (e.g., age-stratified
prevalence adjusted for gender and race/ethnicity only). Models that produced prevalence estimates included individuals in
all four categories of diabetes status; models that produced P values included only those with prediabetes or no diabetes.

PPrevalence for other race/ethnicity not shown because of small sample sizes, but individuals in category are included in

all analyses.

unless the person has another risk factor that is being treated,
such as hypertension. We showed that many in the community
(approximately 10% of those with undiagnosed diabetes) do
not have a routine site for health care and are likely not being
followed for any CKD risk factors; however, we found that
even having insurance and a routine site for health care or
having a condition that is known to increase CKD risk (hyper-
tension), which might improve preventive care as a result of
increased access or earlier screening, were not associated with
lower CKD prevalence among those with diabetes. Thus,
greater community awareness of diabetes and its risk factors
may be needed to improve detection of both diabetes and
subsequent CKD among these individuals. Greater awareness
of diabetes might allow for detection and treatment of both
conditions to help prevent progression and complications (13).

There have been calls for CKD screening among those with
prediabetes (14); however, current guidelines recommend CKD
screening only among those with diabetes (10). We have shown
that a substantial burden of CKD exists in those with predia-
betes. This confirms previous cross-sectional studies that
showed that kidney damage was detectable in individuals with
undiagnosed diabetes and in those with impaired fasting glu-
cose (15,16). Our work is consistent with a cohort study that
found that those with impaired fasting glucose or newly diag-
nosed diabetes were at increased risk for CKD (17). In fact, we

found that CKD prevalence in individuals with prediabetes and
no self-reported hypertension was approximately 10%. Thus,
many individuals with prediabetes and without diagnosed hy-
pertension—a risk factor for which CKD screening is recom-
mended—are at risk for CKD, suggesting that those with pre-
diabetes might be appropriate for CKD screening as well (18).
Although more than half of those with prediabetes and evi-
dence of CKD had reduced kidney function, only approxi-
mately 20% of those individuals had micro- or macroalbumin-
uria. Thus, both urinary protein and kidney functional
measurements would need to be performed to determine CKD
status in adults with prediabetes, as is recommended for those
with diabetes (12). Diagnosis of prediabetes might make CKD
screening more effective, and campaigns to promote awareness
of both kidney damage and decline in kidney function at this
early stage—targeted at both physicians and the community—
may be beneficial (19). In addition, screening for prediabetes in
those with hypertension could be even more important, given
the compounding effect of these two conditions in increasing
CKD risk (20).

Although recent studies (21-23) showed improved manage-
ment of various risk factors for CKD in the general US popu-
lation with and without diabetes since NHANES 1988 through
1994, the prevalence of diabetes continues to increase, in large
part because of increasing obesity (24,25). The proportion of



680

Clinical Journal of the American Society of Nephrology

Clin ] Am Soc Nephrol 5: 673-682, 2010

Table 6. Adjusted prevalence of CKD, by CKD-EPI equation estimation of GFR, among those with prediabetes
versus no diabetes, by selected characteristics, NHANES 1999 through 2006

% with Stages 1 through 4 CKD (95% CI)

Characteristic
Prediabetes No Diabetes p?

Overall 13.1 (11.5 to 14.9) 10.6 (9.3 to 12.1) 0.012
Age (years)

20 to 59 8.7 (7.0 t0 10.9) 5.6 (4.7 t0 6.7) 0.001

=60 35.1 (32.6 to 37.6) 29.4 (26.2 to 32.8) 0.052
Gender

male 99 (8.4t011.7) 9.0 (7.5 t0 10.7) 0.580

female 17.1 (14.0 to 20.1) 12.5 (10.5 to 14.7) 0.009
Race/ ethnicityb

non-Hispanic white 18.9 (10.8 to 15.4) 10.6 (9.0 to 12.4) 0.042

non-Hispanic black 17.3 (13.4 to 22.1) 13.1 (10.8 to 15.9) 0.130

Mexican American 12.5 (9.5 t0 16.2) 8.1 (6.0 to 10.7) 0.056
BMI (kg/m?)

<30 11.3 (9.6 to 13.4) 9.5(8.0to 11.1) 0.073

=30 14.7 (12.0 to 17.9) 12.0 (10.0 to 14.9) 0.194
Self-reported hypertension

yes 26.7 (22.7 to 31.0) 22.9 (19.7 to 26.5) 0.217

no 8.3 (6.7 t0 10.2) 6.9 (5.8 t0 8.4) 0.100

CKD defined by CKD-EPI equation-calculated eGFR <60 ml/min per 1.73 m” or single micro/macroalbuminuria
measurement; prediabetes, FPG =100 and <126 mg/dl and no self-report of diabetes; no diabetes, FPG <100 mg/dl and no

self-report of diabetes.

“Prevalence estimates adjusted for age, gender, and race/ethnicity, excluding variables being examined (e.g., age-stratified
prevalence adjusted for gender and race/ethnicity only). Models that produced prevalence estimates included individuals in
all four categories of diabetes status; models that produced P values included only those with prediabetes or no diabetes.

PPrevalence for other race/ethnicity not shown because of small sample sizes, but individuals in category are included in

all analyses.

those who had diabetes and developed CKD, however, re-
mained stable during the same period (1), suggesting that the
increasing incidence and/or duration of diabetes is the main
driver for the increase in the number of individuals with CKD.
Hence, identification of diabetes and prediabetes cases and
screening recommendations for CKD may be insufficient with-
out appropriate diabetes management to prevent onset of CKD.
Indeed, the stable incidence of ESRD since 2001 suggests that
treatments with ACEIs and ARBs, although slowing the pro-
gression of CKD, may not prevent the development of kidney
disease as well as rigorous glycemic control (26). Further re-
search would be useful to clarify the relative benefits of glyce-
mic control versus treatment with ACEIs and ARBs with regard
to CKD progression.

Even with identification of diabetes and prediabetes cases
and screening recommendations, appropriate CKD manage-
ment is required to prevent progression and complications. We
found that the proportions of those who were treated with
ACEIs/ARBs, medications that are known to prevent CKD
progression, were low among those with undiagnosed diabetes
and prediabetes (approximately 11% and approximately 8% in
those with undiagnosed diabetes and prediabetes, respec-
tively). Moreover, even among those with CKD and diagnosed
diabetes, only approximately 21% were on a recommended
ACEI/ARB, likely for hypertension or other therapeutic use,

despite the confirmed antiproteinuric effect of these medicines
and their cost-effectiveness in delaying the progression of CKD
(27). These results are consistent with a recent study (21) that
showed that the association of diabetes and CKD has not
changed over time, suggesting that there may still be room for
improvement in the management of diabetes in terms of CKD.
Thus, physicians could further improve their understanding
and use of guidelines for CKD management in the setting of
diabetes (28,29) and also improve their communication with
patients regarding CKD and its management.

This study is subject to several limitations. First, the study
design did not allow us to follow the development of CKD.
Second, the duration of diabetes is not known; longer exposure
to hyperglycemia could increase the risk for CKD (30). There
could be missed cases of diagnosed diabetes; sensitivity analy-
ses that evaluated use of diabetes medications suggested that
this occurred rarely. Some cases of prediabetes were likely
missed, because prediabetes can be defined by either impaired
fasting glucose or impaired glucose tolerance (only available in
NHANES 2005 through 2006). There was also likely some mis-
classification of early-stage CKD as a result of limitations in
GFR estimation and single spot urine measurements. Some
transient albuminuria is possible (especially among women
who may have urinary tract infections or be menstruating,
although we found no cases of CKD among the 177 women in
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our sample who self-reported menstruating at the time of ex-
amination). Sensitivity analyses that used various definitions of
CKD using different estimating equations and cutoffs for eGFR
and albuminuria suggested that CKD prevalence may be over-
estimated in general but that prevalence among those with
undiagnosed diabetes and prediabetes was always significantly
higher than the prevalence among those with no diabetes.
Finally, causality cannot be established from a cross-sectional
survey.

Conclusions

A high burden of CKD exists among individuals with undi-
agnosed diabetes and individuals with prediabetes. In keeping
with our results, individuals with prediabetes warrant earlier
detection and management efforts to prevent development,
progression, and complications of both diabetes and CKD as-
sociated with diabetes. Possible interventions, perhaps first
targeting obese individuals, who are most at risk for prediabe-
tes, to prevent CKD and its progression in this population
should be explored in further studies.

Acknowledgments

This project was supported under a cooperative agreement from the
Centers for Disease Control and Prevention through the Association of
American Medical Colleges, grant U36/CCU319276, AAMC ID nos.
MM-0997-07 /07 and MM-1143-10/10. Publication and report contents
are solely the responsibility of the authors and do not reflect the views
of the AAMC or CDC. N.RP. is partially supported by grant
K24DKO02643.

We thank the participants and staff of the NHANES survey. The
CDC CKD Surveillance Team consists of members from University of
California, San Francisco (Neil Powe, Laura Plantinga, Kirsten Bibbins-
Domingo, Josef Coresh, Alan Go, Chi-yuan Hsu, Edgar Miller, III,
Lesley Stevens, and Deidra Crews), University of Michigan (Rajiv
Saran, Elizabeth Hedgeman, Brenda Gillespie, William Herman, Wil-
liam McClellan, Ann O’Hare, Chirag Parikh, Freidrich Port, Bruce
Robinson, Vahakn Shahinian, Jerry Yee, and Eric Young), and Centers
for Disease Control and Prevention (Desmond Williams, Mark Eber-
hardt, Paul Eggers, Nicole Flowers, Linda Geiss, Susan Hailpern, Re-
gina Jordan, Juanita Mondeshire, Bernice Moore, Gary Myers, Meda
Pavkov, Nilka Rios-Burrows, Deborah Rolka, Sharon Saydah, Anton
Schoolwerth, Rodolfo Valdez, and Larry Waller).

Disclosures
None.

References

1. US Renal Data System: USRDS 2009 Annual Data Report:
Atlas of Chronic Kidney Disease and End-Stage Renal Disease in
the United States, Bethesda, National Institutes of Health,
National Institute of Diabetes and Digestive and Kidney
Diseases, 2009

2. Cowie CC, Rust KF, Ford ES, Eberhardt MS, Byrd-Holt
DD, Li C, Williams D, Gregg EW, Bainbridge KE, Saydah
SH, Geiss LS: A full accounting of diabetes and prediabetes
in the U.S. population, 1988-1994 and 2005-2006. Diabetes
Care 32: 287-294, 2008

3. Centers for Disease Control and Prevention: National
diabetes fact sheet: General information and national

10.

11.

12.

13.

14.

15.

16.

17.

18.

CKD in Undiagnosed Diabetes and Prediabetes 681

estimates on diabetes in the United States, 2007, Atlanta,
US Department of Health and Human Services, Centers
for Disease Control and Prevention, 2008. Available at:
http:/ /www.cdc.gov/diabetes /pubs/pdf/ndfs_2007.pdf.
Accessed February 1, 2009

American Diabetes Association: Diagnosis and classifica-
tion of diabetes mellitus. Diabetes Care 32[Suppl 1]: S62-
S67, 2009

Kramer HJ, Nguyen QD, Curhan G, Hsu CY: Renal insuf-
ficiency in the absence of albuminuria and retinopathy
among adults with type 2 diabetes mellitus. JAMA 289:
3273-3277, 2003

Pavkov ME, Mason CC, Bennett PH, Curtis JM, Knowler
WC, Nelson RG: Change in the distribution of albuminuria
according to estimated glomerular filtration rate in Pima
Indians with type 2 diabetes. Diabetes Care 32: 1845-1850,
2009

Levey AS, Coresh ], Greene T, Stevens LA, Zhang YL,
Hendriksen S, Kusek JW, Van Lente F: Using standardized
serum creatinine values in the modification of diet in renal
disease study equation for estimating glomerular filtration
rate. Ann Intern Med 145: 247-254, 2006

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF
3rd, Feldman HI, Kusek JW, Eggers P, Van Lente F, Greene
T, Coresh J, CKD-EPI (Chronic Kidney Disease Epidemi-
ology Collaboration): A new equation to estimate glomer-
ular filtration rate. Ann Intern Med 150: 604—612, 2009
Selvin E, Manzi ], Stevens LA, Van Lente F, Lacher DA,
Levey AS, Coresh J: Calibration of serum creatinine in the
National Health and Nutrition Examination Surveys
(NHANES) 1988-1994, 1999-2004. Am ] Kidney Dis 50:
918-926, 2007

Coresh ], Byrd-Holt D, Astor BC, Briggs JP, Eggers PW,
Lacher DA, Hostetter TH: Chronic kidney disease aware-
ness, prevalence, and trends among U.S. adults, 1999 to
2000. ] Am Soc Nephrol 16: 180-188, 2005

Mattix HJ, Hsu CY, Shaykevich S, Curhan G: Use of the
albumin/creatinine ratio to detect microalbuminuria: Im-
plications of sex and race. ] Am Soc Nephrol 13: 1034-1039,
2002

American Diabetes Association: Standards of medical care
in diabetes—2009. Diabetes Care 32[Suppl]: S13-561, 2009
Becker MH, Drachman RH, Kirscht JP: A field experiment
to evaluate various outcomes of continuity of physician
care. Am | Public Health 64: 1062-1070, 1974

Kramer H: Screening for kidney disease in adults with
diabetes and prediabetes. Curr Opin Nephrol Hypertens 14:
249-252, 2005

Koopman R], Mainous AG 3rd, Liszka HA, Colwell JA,
Slate EH, Carnemolla MA, Everett CJ: Evidence of ne-
phropathy and peripheral neuropathy in US adults with
undiagnosed diabetes. Ann Fam Med 4: 427-432, 2006
Redon ], Morales-Olivas F, Galgo A, Brito MA, Mediavilla
J, Marin R, Rodriguez P, Tranche S, Lozano ]V, Filozof C:
Urinary albumin excretion and glomerular filtration rate
across the spectrum of glucose abnormalities in essential
hypertension. | Am Soc Nephrol 17[Suppl 3]: S236-5245,
2006

Fox CS, Larson MG, Leip EP, Meigs ]JB, Wilson PW, Levy D:
Glycemic status and development of kidney disease: The
Framingham Heart Study. Diabetes Care 28: 2436-2440, 2005
Boulware LE, Jaar BG, Tarver-Carr ME, Brancati FL, Powe



682

19.

20.

21.

22.

23.

24.

Clinical Journal of the American Society of Nephrology

NR: Screening for proteinuria in US adults: A cost-effec-
tiveness analysis. JAMA 290: 3101-3114, 2003

Vassalotti JA, Li S, Chen SC, Collins AJ: Screening popu-
lations at increased risk of CKD: The kidney early evalua-
tion program (KEEP) and the public health problem. Am |
Kidney Dis 53[Suppl 3]: S107-5114, 2009

US Preventive Services Task Force: Screening for type 2
diabetes mellitus in adults: Recommendation statement,
June 2008, Agency for Healthcare Research and Quality.
Available at: http://www.ahrq.gov/clinic/uspstf08/type2/
type2rs.htm. Accessed July 9, 2009

Fox CS, Muntner P: Trends in diabetes, high cholesterol, and
hypertension in chronic kidney disease among U.S. adults:
1988-1994 to 1999-2004. Diabetes Care 31: 1337-1342, 2008
Saaddine JB, Cadwell B, Gregg EW, Engelgau MM, Vinicor
F, Imperatore G, Narayan KM: Improvements in diabetes
processes of care and intermediate outcomes: United
States, 1988-2002. Ann Intern Med 144: 465-474, 2006
Imperatore G, Cadwell BL, Geiss L, Saadinne JB, Williams
DE, Ford ES, Thompson TJ, Narayan KM, Gregg EW:
Thirty-year trends in cardiovascular risk factor levels
among US adults with diabetes: National Health and Nu-
trition Examination Surveys, 1971-2000. Am | Epidemiol
160: 531-539, 2004

Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak
CJ, Flegal KM: Prevalence of overweight and obesity in the
United States, 1999-2004. JAMA 295: 1549-1555, 2006

25.

26.

27.

28.

29.

30.

Clin ] Am Soc Nephrol 5: 673-682, 2010

Li C, Ford ES, McGuire LC, Mokdad AH: Increasing trends
in waist circumference and abdominal obesity among US
adults. Obesity (Silver Spring) 15: 216-224, 2007

Writing Team for the Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and Com-
plications Research Group: Sustained effect of intensive
treatment of type 1 diabetes mellitus on development and
progression of diabetic nephropathy: The Epidemiology of
Diabetes Interventions and Complications (EDIC) study.
JAMA 290: 2159-2167, 2003

Golan L, Birkmeyer JD, Welch HG: The cost-effectiveness
of treating all patients with type 2 diabetes with angioten-
sin-converting enzyme inhibitors. Ann Intern Med 131:
660-667, 1999

Hobbs H, Stevens P, Klebe B, Irving J, Cooley R,
O’Donoghue D, Green S, Farmer C: Referral patterns to
renal services: What has changed in the past 4 years?
Nephrol Dial Transplant 24: 3411-3419, 2009

Agrawal V, Ghosh AK, Barnes MA, McCullough PA: Per-
ception of indications for nephrology referral among inter-
nal medicine residents: A national online survey. Clin | Am
Soc Nephrol 4: 323-328, 2009

Chase HP, Jackson WE, Hoops SL, Cockerham RS, Archer
PG, O’Brien D: Glucose control and the renal and retinal
complications of insulin-dependent diabetes. JAMA 261:
1155-1160, 1989

See related editorial, “Prediabetes, Prehypertension . . .

Is It Time for Pre-CKD?” on pages 557-559.




	Prevalence of chronic kidney disease in US adults with undiagnosed diabetes or prediabetes
	Recommended Citation
	Authors

	tmp.1655993523.pdf.0m34J

