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Background: Diabetes is a leading cause of chronic kidney disease (CKD). Whether reclassification of CKD
stages based on glomerular filtration rate estimated using the CKD Epidemiology Collaboration (CKD-EPI)
equation versus the Modification of Diet in Renal Disease (MDRD) Study equation modifies estimates of
prevalent risk factors across stages is unknown.

Methods: This is a cross-sectional analysis of data from the Kidney Early Evaluation Program (KEEP), a
community-based health screening program targeting individuals 18 years and older with diabetes, hyperten-
sion, or a family history of diabetes, hypertension, or kidney disease. Of 109,055 participants, 68.2% were
women and 31.8% were African American. Mean age was 55.3 � 0.05 years. Clinical, demographic, and
laboratory data were collected from August 2000 through December 2009. Glomerular filtration rate was
estimated using the CKD-EPI and MDRD Study equations.

Results: CKD was present in 25.6% and 23.5% of the study population using the MDRD Study and CKD-EPI
equations, respectively. Diabetes was present in 42.4% and 43.8% of participants with CKD, respectively. Prevalent
risk factors for diabetes included obesity (body mass index �30 kg/m2), 44.0%; hypertension, 80.5%; cardiovascu-
lar disease, 23.2%; family history of diabetes, 55.9%; and dyslipidemia, 43.0%. In a logistic regression model after
adjusting for age and other risk factors, odds for diabetes increased significantly compared with no CKD with each
CKD stage based on the CKD-EPI equation and similarly with stages based on the MDRD Study equation. Using a
CKD-EPI–adjusted model, ORs were: stage 1, 2.08 (95% CI, 1.90-2.27); stage 2, 1.86 (95% CI, 1.72-2.02); stage 3,
1.23 (95% CI, 1.17-1.30); stage 4, 1.69 (95% CI, 1.42-2.03); and stage 5, 2.46 (95% CI, 1.46-4.14).

Conclusions: Using the CKD-EPI equation led to a lower prevalence of CKD but to similar diabetes
prevalence rates associated with CKD across all stages compared with the MDRD Study equation. Diabetes
and other CKD risk factor prevalence was increased compared with the non-CKD population.
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D iabetes mellitus is a major public health prob-
lem that is reaching pandemic proportions in

the United States1 and worldwide.2 Based on data
from the National Health and Nutrition Examina-
tion Survey (NHANES) 2003-2006, diabetes preva-
lence is estimated to be approximately 11% (23.6
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million people), with another 57 million people in
the prediabetic state.1 Worldwide, diabetes is pre-
dicted to affect 439 million adults by 2030, with a
69% increase between 2010 and 2030 in develop-
ing countries and a 20% increase in developed
countries.2
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Diabetes Risk Factors in CKD
Diabetes is the most common cause of end-stage
renal disease in the United States, accounting for up to
46% of patients starting on renal replacement therapy
each year.3,4 Although both diabetes and chronic kid-
ney disease (CKD) are strong cardiovascular disease
(CVD) risk factors,5-8 the presence of diabetes in
end-stage renal disease and CKD populations confers
even higher CVD morbidity and mortality risk com-
pared with the non-CKD population.9,10 Risk factors
for type 2 diabetes include advanced age, obesity,
physical inactivity, male sex, nonwhite race, family
history of diabetes, and dyslipidemia, including high
triglyceride and low high-density lipoprotein choles-
terol levels and other components of the metabolic
syndrome.11,12 Some of these risk factors, such as
obesity and physical inactivity, are largely modifiable;
early intervention has been shown in large trials to
prevent or delay progression to type 2 diabetes in up
to 60% of people in the prediabetic stage.13,14

Although diabetes is a well-established risk factor for
CKD, accumulating evidence also indicates that CKD,
particularly end-stage renal disease, is associated with a
higher incidence of newly diagnosed diabetes, including
after kidney transplant and after hemodialysis therapy
initiation.9,15-19 The prevalence of and risk factors for
diabetes in patients with earlier CKD stages (estimated
glomerular filtration rate [eGFR] �60 mL/min/1.73 m2)
have not been evaluated previously in large studies. The
most commonly used equation to estimate GFR is the
Modification of Diet in Renal Disease (MDRD) Study
equation.20 It has been shown to be valid, but to underes-
timate measured GFR at levels �60 mL/min/1.73 m2,
leading to overdiagnosis of prevalent CKD. The CKD
Epidemiology Collaboration (CKD-EPI) equation21 was
developed in people with and without kidney disease. It
has been shown to be a better estimate of measured GFR
at higher levels than the MDRD Study equation.

Therefore, in this analysis of data from the Kidney
Early Evaluation Program (KEEP), we sought to assess
the prevalence of diabetes mellitus in participants at
various stages of CKD based on GFR estimated using
the MDRD Study and the CKD-EPI equations. We also
sought to examine and characterize the various risk
factors, including waist circumference, for diabetes in
patients with CKD.

METHODS

StudyParticipants

KEEP is a free community-based health screening program target-
ing individuals 18 years and older with diabetes, hypertension, or a
family history of diabetes, hypertension, or kidney disease. We in-
cluded 123,704 eligible KEEP participants from August 2000 through
December 31, 2009, from 48 National Kidney Foundation affiliates
and 2,634 screening programs in 50 states and the District of Colum-

bia. We excluded participants who previously had undergone dialysis
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or kidney transplant or whose diabetes status was missing in the data,
leaving a study population of 109,055.

Definitions

GFR was estimated using both the 4-variable MDRD Study equa-
tion20 and the CKD-EPI equation.21 Albumin-creatinine ratio was
calculated from urine samples and categorized as �30, 30-300, or
�300 mg/g. CKD stages were defined as follows: stage 1, eGFR �90
mL/min/1.73 m2 and albumin-creatinine ratio �30 mg/g; stage 2,
eGFR of 60-89 mL/min/1.73 m2 and albumin-creatinine ratio �30
mg/g; stage 3, eGFR of 30-59 mL/min/1.73 m2; stage 4, eGFR of
15-29 mL/min/1.73 m2; and stage 5, eGFR �15 mL/min/1.73 m2.

Diabetes was defined as a history of diabetes (self-report or retinop-
athy), use of medications to treat diabetes, fasting blood glucose level
�126 mg/dL, or nonfasting blood glucose level �200 mg/dL in the
absence of self-report or medication use. Hypertension was defined as
self-report, use of medication to treat hypertension, or systolic blood
pressure �130 mm Hg or diastolic blood pressure �80 mm Hg. CVD
history was defined as self-reported history of heart attack, heart
angioplasty, bypass surgery, heart failure, abnormal heart rhythm, or
stroke. Dyslipidemia was defined as total cholesterol level �200
mg/dL or triglyceride level �150 mg/dL. Waist circumference was
measured as described by NHANES22 in a subgroup of the KEEP
population (n � 20,135).

Statistical Analysis

To test differences in characteristics between participants with and
without diabetes, �2 statistics were used. One-way analysis of vari-
ance was used to test differences in continuous variables between
participants with and without diabetes. Mean � standard error are
reported for continuous variables. We used logistic regression, ex-
pressed as odds ratio (OR) and 95% confidence interval (CI), to
describe the association of CKD stages and other clinical characteris-
tics with diabetes (dependent variable). Data for cholesterol and
triglycerides were available from 2005; therefore, data used in the
logistic regression included participants screened from 2005-2009.
Separate models were constructed using MDRD Study eGFR and
CKD-EPI eGFR. Both models were adjusted for risk factors for
diabetes, including age, sex, race, education, obesity, dyslipidemia,
hypertension, CVD, and family history of diabetes. In the subgroup
analysis for participants screened from 2008-2009, we further ad-
justed for waist circumference, for which data were available from
2008.

RESULTS

Demographics of the StudyPopulation

For the included 109,055 eligible KEEP participants,
demographic, clinical, and laboratory data were col-
lected between August 2000 and December 31, 2009.
Mean age was 55.3 � 0.05 years. Mean body mass
index (BMI) was 30.2 � 0.02 kg/m2. Of the total cohort,
68.2% were women; 31.8% were African American,
49.7% were white, and 11.9% were Hispanic.

Demographics andPrevalenceof andRisk
Factors forDiabetes

Of 109,055 participants, 34,144 (31.3%) had diabetes.
Mean fasting blood glucose level was 94.7 � 0.1 mg/dL
for nondiabetic and 138.5 � 0.71 mg/dL for diabetic
participants (P � 0.001). Diabetes prevalence increased

significantly with each age category, from 9.9% for age
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18-30 years to 39.4% for age �75 years (P � 0.001;
Table 1), with the highest prevalence (41.7%) for age
61-75 years. Diabetes prevalence was higher in men
(32.8%) than women (30.6%; P � 0.001). The preva-
lence was slightly higher in whites (32.4%) than African
Americans (29.6%) and members of other races (31.3%;
P � 0.001) and slightly lower in Hispanics (30.0%) than
non-Hispanics (31.5%; P � 0.001).

High school education or higher was reported for
84.0% of the total cohort. Diabetes prevalence was
significantly higher in participants with less than high
school education (39.0%) than those with higher educa-
tion levels (29.9%; P � 0.001; Table 1). Current smok-
ing was reported for 10.3% of the cohort. Diabetes

Table 1. Partic

Characteristics No. % Di

No. 109,055 3

Age category
18-30 y 7,558
31-45 y 21,198 1
46-60 y 37,964 3
61-75 y 31,584 4
�75 y 10,751 3

Sex
Men 34,643 3
Women 74,412 3

Race
White 54,258 3
African American 34,700 2
Other 20,097 3

Ethnicity
Hispanic 12,981 3
Non-Hispanic 96,074 3

Education
�High school 15,918 3
�High school 91,667 2

Risk factors
Current smoker 11,270 2
Non-/ex-smoker 92,595 3
Obesityb 47,941 3
No obesity 59,881 2
Hypertension 87,752 3
No hypertension 21,294 1
Cardiovascular disease 25,326 4
No cardiovascular disease 83,729 2
Dyslipidemiac 46,914 3
No dyslipidemia 28,649 3
Family history diabetes 61,054 3
No family history diabetes 42,676 2

aDiabetes defined as self-reported, using medication, fasting g
bBody mass index �30 kg/m2.

cDyslipidemia defined as cholesterol level �200 mg/dL or triglycerid
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prevalence was lower in current smokers (27.2%) than
nonsmokers/ex-smokers (31.8%; P � 0.001).

The presence of hypertension, reported in 80.5% of
the total cohort, was associated with a high prevalence of
diabetes (34.5%) compared with absence of hyperten-
sion (18.4%; P � 0.001; Table 1). Mean systolic blood
pressure was higher, 136.5 � 0.11 mm Hg for diabetic
participants and 131.9 � 0.07 mm Hg for nondiabetic
participants (P � 0.001), and corresponding values for
mean diastolic blood pressure were lower, 78.6 � 0.06
and 79.7 � 0.04 mm Hg (P � 0.001).

Obesity, defined as BMI �30 kg/m2, was found in
47,941 participants (44.0%) and was associated with a
higher prevalence of diabetes (39.5%) compared with

Characteristics

Column Percents

Psa No Diabetes Diabetesa

74,911 34,144

�0.001
9.1 2.2

22.8 12.1
34.8 34.8
24.6 38.5
8.7 12.4

�0.001
31.1 33.3
68.9 66.7

�0.001
48.9 51.6
32.6 30.0
18.4 18.4

�0.001
12.1 11.4
87.9 88.6

�0.001
13.1 18.5
86.9 81.5

11.5 9.4
�0.001

88.5 90.6
39.2 56.0

�0.001
60.8 44.0
76.8 88.5

�0.001
23.2 11.5
19.1 32.2

�0.001
80.9 67.8
61.9 62.4

0.2
38.1 37.6
54.1 69.6

�0.001
45.9 30.4

e level �126 mg/dL, or nonfasting glucose level �200 mg/dL.
ipant

abete

1.1

9.9
9.5
1.3
1.7
9.4

2.8
0.6

2.4
9.6
1.3

0.0
1.5

9.0
9.9

7.2
1.8
9.5
4.8
4.5
8.4
3.4
7.7
3.5
3.0
6.6
2.9

lucos
e level �150 mg/dL.
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Diabetes Risk Factors in CKD
lack of obesity (24.8%; P � 0.001). In a subgroup
analysis of 20,135 participants with measured waist
circumference, waist circumference was significantly
higher for diabetic participants (41.8 � 0.07 inches) than
nondiabetic participants (38.6 � 0.05; P � 0.001).

CVD prevalence was 23.2% for the total cohort. The
rate of diabetes was higher in participants with (43.4%)
than without CVD (27.7%; P � 0.001; Table 1). Dyslip-
idemia, defined as total cholesterol level �200 mg/dL or
triglyceride level �150 mg/dL, was present in 43.0% of
participants, but was not associated with higher rates of
diabetes (33.5% vs 33.0%; P � 0.2, for dyslipidemic
and nondyslipidemic participants, respectively). A fam-
ily history of diabetes was reported for 55.9% of the
KEEP cohort. Diabetes was reported in 36.6% of partici-
pants with a family history of diabetes and 22.9% of
those without a family history (P � 0.001).

Determining thePrevalenceofDiabetes in CKD

Using the CKD-EPI and MDRD Study equations to
define CKD stages, prevalent rates for diabetes were
similar in participants identified with CKD and across
stages (Table 2); prevalent rates for participants without
CKD were identical. For participants identified as hav-
ing CKD, diabetes prevalence markedly increased
(43.9%, CKD-EPI equation; 42.5%, MDRD Study equa-
tion). There was a graded trend for increasing diabetes
prevalence with advancing CKD stage, except that rates
decreased at stage 3.

Using logistic regression, we assessed the association
of diabetes with CKD in 2 separate models (one for each
equation), adjusting for diabetes risk factors, including
age, sex, race, education, obesity, dyslipidemia, hyperten-
sion, CVD, and family history of diabetes. Adjusted
model 1 used the MDRD Study equation to define CKD
and adjusted model 2 used the CKD-EPI equation (Table
3).

Using model 1 with the non-CKD population as the
reference, ORs for diabetes in CKD were: stage 1,
2.26 (95% CI, 2.05-2.49); stage 2, 1.78 (95% CI,
1.65-1.92); stage 3, 1.20 (95% CI, 1.15-1.26); stage

Table 2. Prevalence of Diabetes in CKD Using M

Non-CKD All CKD

MDRD St
Total 81,068 27,987
Total diabetes 22,264 11,880
Diabetes (%) 27.5 42.5

CKD-E
Total 83,475 25,580
Total diabetes 22,921 11,223
Diabetes (%) 27.5 43.9

Note: Values are number or percentage.
Abbreviation: CKD, chronic kidney disease; CKD-EPI, Chronic
Diet in Renal Disease.
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4, 1.71 (95% CI, 1.42-2.07); and stage 5, 2.64 (95%
CI, 1.55-4.51; Table 3; Fig 1).

Using model 2, results were similar using CKD-
EPI staging. Compared with no CKD, ORs for diabe-
tes in CKD were: stage 1, 2.08 (95% CI, 1.90-2.27);
stage 2, 1.86 (95% CI, 1.72-2.02); stage 3, 1.23 (95%
CI, 1.17-1.30); stage 4, 1.69 (95% CI, 1.42-2.03); and
stage 5, 2.46 (95% CI, 1.46-4.14; Table 3; Fig 1).

We assessed the association of waist circumference
and diabetes in a subgroup of the KEEP population
(n � 20,135). The OR for diabetes per 10-inch in-
crease in waist circumference was 2.06 (95% CI,
1.92-2.21) in both adjusted regression models 1 and 2.
This OR was similar to that for family history of
diabetes (2.08 [95% CI, 1.95-2.22]) and higher than
ORs for obesity measured using BMI (1.14 [95% CI,
1.05-1.25]), hypertension (1.40 [95% CI, 1.27-1.54]),
CVD (1.29 [95% CI, 1.20-1.39]), and age per decade
(1.35 [95% CI, 1.32-1.39]; Table 4).

DISCUSSION

Although several studies show a high prevalence of
diabetes in patients with advanced CKD (eGFR �60
mL/min/1.73 m2),5,9,15 this analysis is among the first to
describe a high prevalence of diabetes in earlier stages of
CKD using the CKD-EPI equation to estimate GFR. Our
data suggest that increases in diabetes prevalence were
similar in participants identified with CKD and across
stages using the CKD-EPI and MDRD Study equations.
Our data further suggest that using the CDK-EPI equa-
tion to assess prevalent rates of comorbid conditions (eg,
diabetes in this study), even at higher levels of GFR, is
similar to using the MDRD Study equation. This is
important in the context of potentially significant reclas-
sification of individuals at higher eGFRs using the CKD-
EPI equation. Why this occurs warrants further investiga-
tion.

We report a significant increase in diabetes prevalence
compared with the non-CKD population, beginning with
stage 1 CKD and increasing with advancing stage,
except for stage 3. Diabetes prevalence exceeded half

Study and CKD-EPI GFR Estimating Equations

ge 1 Stage 2 Stage 3 Stage 4-5

quation
17 5,443 18,275 1,052
39 2,497 7,383 561
44.7 45.9 40.4 53.3

uation
45 4,814 15,500 1,121
53 2,326 6,550 594
42.3 48.3 42.3 53.0

ey Disease Epidemiology Collaboration; MDRD, Modification of
DRD

Sta

udy E
3,2
1,4

PI Eq
4,1
1,7

Kidn
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the population in CKD stages 4 and 5. ORs showed a
similar pattern of diabetes prevalence in CKD stages
based on the MDRD Study20 and CKD-EPI21 equations.
The finding of high odds of diabetes in patients with
CKD was independent of traditional diabetes risk factors
and continued after adjustment for age, sex, race, hyper-
tension, obesity, and CVD. The implications of these
findings are significant because the presence of hypergly-
cemia in patients with CKD is associated with a worse
prognosis regarding CVD morbidity and mortality.6,9,10

Furthermore, early diagnosis of diabetes and aggressive
control of CVD risk factors, such as hypertension, dyslip-
idemia, and other components of metabolic syndrome,
are of paramount importance in decreasing the CVD
burden and slowing the progression of CKD.23 Early
recognition of diabetes and tight control of hyperglyce-
mia can prevent or halt the progression of CKD and
retinopathy.24,25 The United Kingdom Prospective Dia-

Table 3. Associations of CKD Stage and Other

Characteristics Unadjusted

MDRD Study equation
No CKD 1.00 (reference)
CKD stage 1 2.06 (1.88-2.26)
CKD stage 2 2.20 (2.05-2.36)
CKD stage 3 1.78 (1.70-1.86)
CKD stage 4 2.83 (2.37-3.38)
CKD stage 5 3.26 (1.96-5.41)

CKD-EPI equation
No CKD 1.00 (reference)
CKD stage 1 1.85 (1.71-2.01)
CKD stage 2 2.47 (2.29-2.66)
CKD stage 3 1.93 (1.84-2.02)
CKD stage 4 2.82 (2.38-3.34)
CKD stage 5 3.11 (1.90-5.10)

Age (/decade) 1.33 (1.32-1.35)

Women (vs men) 0.93 (0.90-0.97)

African American (vs white) 0.88 (0.85-0.91)

Other race (vs white) 0.94 (0.89-0.98)

High school graduate (vs less) 0.69 (0.66-0.72)

Current smoking 0.84 (0.79-0.88)

Obesityc 1.99 (1.93-2.06)

Hypertension 2.20 (2.10-2.31)

Cardiovascular disease 1.80 (1.73-1.86)

Dyslipidemiad 1.03 (0.996-1.07)

Family history diabetes 2.08 (2.01-2.15)

Note: Values shown are odds ratio (95% confidence interval). L
cholesterol and triglycerides were available from 2005; n � 66,7
self-reported, using medication, fasting glucose level �126 mg/d

Abbreviations: CKD, chronic kidney disease; CKD-EPI, Chroni
Diet in Renal Disease.

aMDRD Study equation.
bCKD-EPI equation.
cBody mass index �30 kg/m2.
dDyslipidemia defined as cholesterol level �200 mg/dL or trigly
betes Study (UKPDS) showed that a decrease in hemo-
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globin A1c level from 8% to 7% decreased the rate of
nephropathy by 32% and the rate of retinopathy by
21%.24,25 Similar findings have been shown in other
populations.26

Regarding risk factors for type 2 diabetes, our study
followed a pattern seen in previous reports11-14 in which
age, sex, hypertension, obesity, CVD, and family history
significantly increased the odds of diabetes. However,
several additional observations were made in our study.
The odds of diabetes were increased in whites compared
with African Americans and other racial and ethnic
groups. This may reflect increased diabetes self-report-
ing, early diagnosis, and treatment with antidiabetic
medications in white populations. Furthermore, the rate
of undiagnosed diabetes in African Americans and other
racial and ethnic minorities might have been higher. This
raises a limitation of our study: neither hemoglobin A1c

nor glucose tolerance tests were used to confirm the

ipant Characteristics With Diabetes, 2005-2009

Adjusted Model 1a Adjusted Model 2b

1.00 (reference) —
2.26 (2.05-2.49) —
1.78 (1.65-1.92) —
1.20 (1.15-1.26) —
1.71 (1.42-2.07) —
2.64 (1.55-4.51) —

— 1.00 (reference)
— 2.08 (1.90-2.27)
— 1.86 (1.72-2.02)
— 1.23 (1.17-1.30)
— 1.69 (1.42-2.03)
— 2.46 (1.46-4.14)

1.33 (1.31-1.35) 1.33 (1.31-1.35)

0.87 (0.84-0.90) 0.87 (0.84-0.91)

0.87 (0.83-0.90) 0.86 (0.83-0.90)

1.19 (1.13-1.25) 1.19 (1.13-1.25)

0.80 (0.77-0.84) 0.80 (0.77-0.84)

1.04 (0.98-1.10) 1.04 (0.98-1.10)

2.07 (1.99-2.14) 2.07 (1.99-2.14)

1.42 (1.35-1.50) 1.42 (1.35-1.50)

1.42 (1.36-1.47) 1.42 (1.36-1.47)

0.87 (0.84-0.90) 0.87 (0.84-0.90)

2.20 (2.12-2.28) 2.20 (2.12-2.28)

tic regression, dependent variable diabetes/no diabetes; data for
fter excluding missing values in covariates; diabetes defined as
nonfasting glucose level �200 mg/dL.
ney Disease Epidemiology Collaboration; MDRD, Modification of

e level �150 mg/dL.
Partic

ogis
99 a

L, or
c Kid
diagnosis of diabetes.
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Diabetes Risk Factors in CKD
Dyslipidemia, including low levels of high-density
lipoprotein cholesterol and increased triglyceride levels,
is a core component of metabolic syndrome and is
associated with insulin resistance and increased risk of
type 2 diabetes and CVD.7,27 In our study, dyslipidemia
was defined as total cholesterol level �200 mg/dL or
triglyceride level �150 mg/dL. It occurred in 43% of
participants, but was not associated with a higher rate of
diabetes (33.5% vs 33%; P � 0.2). This perhaps is due to
lack of control for glycemic levels, lack of high-density
lipoprotein measurement, and increased treatment for
dyslipidemia in diabetic patients, as dictated by the
standard of care.12

The relationship between diabetes and cigarette smok-
ing is complex.Although studies have established smok-
ing as a diabetes risk factor in both men and women,28,29

with the risk attributed to alteration in fat distribution,
increased insulin resistance, and direct � cell toxic-
ity,30,31 recent analyses from the Atherosclerosis Risk in
Communities (ARIC) Study31 suggest a high short-term
risk of diabetes with smoking cessation that was attrib-
uted to weight gain.31 In this analysis of the KEEP
cohort, diabetes was less prevalent in smokers compared
with ex-/nonsmokers; however, the adjusted OR for
diabetes was not statistically significant. This lower
prevalence of diabetes in smokers likely reflects
smoking cessation efforts provided to people with
diabetes and the tendency of patients with diabetes
to quit smoking with longer diabetes duration.12,32

Another possible mechanism, in light of the ARIC
Study, is possible weight gain associated with smok-
ing cessation,31 which could explain the nonsignifi-
cant odds of diabetes for smokers versus ex-/
nonsmokers. Of note, the overall rate of smoking in
our KEEP cohort was 9.4% in diabetic and 11.5% in
nondiabetic participants, almost half the rate of
20.6% reported in 2008 for the US population.33

Regarding waist circumference and risk of diabetes,
obesity is a well-established risk factor for diabetes and

Figure 1. Odds ratios and 95% confi-
dence intervals for diabetes in chronic kid-
ney disease by stage, Modification of Diet in
Renal Disease (MDRD) Study and Chronic
Kidney Disease Epidemiology Collaboration
(CKD-EPI) equations.
CVD, and the rapid rise of the diabetes epidemic gener-
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ally is attributed in large part to the obesity epidemic.34

BMI is used widely to define obesity. However, accumu-
lating evidence indicates that waist circumference is a
better predictor of diabetes and CVD risk than BMI in
that it provides a better estimate of fat distribution that
cannot be obtained by measuring BMI.35-38 In our analy-
sis, participants with obesity were twice as likely to have
diabetes as participants without obesity. However, in the
subanalysis of 20,135 KEEP participants for whom
waist circumference was obtained, the OR associated
with BMI was attenuated from 2.06 to 1.14 when waist
circumference was introduced in the model. Our data
support the evidence that central obesity measured using
waist circumference is a better predictor of diabetes than
BMI.35-38

Finally, the increased risk of diabetes seen in all CKD
stages after adjustment for traditional risk factors, such
as age, sex, race, hypertension, CVD, obesity, and family
history of diabetes, likely is a reflection of increased
nontraditional risk factors for CVD in our predominantly
obese cohort, including expected increases in levels of
adipokines, cytokines, and acute-phase reactants; oxida-
tive stress; microalbuminuria; insulin resistance; and
endothelial dysfunction.7 These risk factors are common
in patients with diabetes and those with CKD, and they
significantly contribute to the increased risk of CVD in
these patients.39-41 Albuminuria is the hallmark of stage
1 CKD, for which the odds of diabetes more than
doubled compared with KEEPparticipants without CKD.
These findings suggest a possible role of albuminuria
and associated expected increases in level of adipokines,
cytokines, and acute-phase reactants and endothelial
dysfunction42,43 as the common-soil hypothesis in the
development of diabetes and CKD observed in our
KEEP cohort.

The U-shaped risk of diabetes in patients with CKD
stages 1-5 may be explained by the combination of CKD
(eGFR) and non-CKD (conventional) risk factors. It also
could reflect the sample-size variation for each stage of

CKD. Tighter CIs and lower ORs for stage 3 reflect the
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larger sample of about 18,000 participants; samples for
the other stages were smaller and susceptible to confound-
ing factors, such as microalbuminuria. This should be
addressed in future studies. Furthermore, although our
study indicated that diabetes is present in 53% of the
CKD population at stages 4-5, data from US Renal Data
System show the incidence of diabetes in patients with
CKD to be �50%. This likely is explained because
many patients with CKD die before initiating dialysis

Table 4. Association of CKD Stage, Waist Circumference, and
Other Participant Characteristics With Diabetes, June

2008-2009

Characteristics Adjusted Model 1a Adjusted Model 2b

MDRD Study equation
No CKD 1.00 (reference) —
CKD stage 1 2.44 (2.00-2.98) —
CKD stage 2 1.57 (1.37-1.79) —
CKD stage 3 1.13 (1.03-1.23) —
CKD stage 4 1.79 (1.27-2.52) —
CKD stage 5 2.65 (0.94-7.47) —

CKD-EPI equation
No CKD — 1.00 (reference)
CKD stage 1 — 2.05 (1.73-2.43)
CKD stage 2 — 1.61 (1.40-1.86)
CKD stage 3 — 1.14 (1.04-1.25)
CKD stage 4 — 1.61 (1.16-2.24)
CKD stage 5 — 2.89 (1.05-7.95)

Age (/decade) 1.35 (1.32-1.39) 1.35 (1.31-1.39)

Women (vs men) 1.05 (0.97-1.12) 1.04 (0.97-1.12)

African American (vs
white)

0.91 (0.84-0.98) 0.90 (0.84-0.97)

Other race (vs white) 1.30 (1.19-1.43) 1.30 (1.19-1.43)

High school graduate
(vs less)

0.78 (0.71-0.85) 0.78 (0.71-0.85)

Current smoking 1.05 (0.94-1.17) 1.05 (0.93-1.17)

Waist (/10 inches) 2.06 (1.92-2.21) 2.06 (1.92-2.21)

Obesityc 1.14 (1.05-1.25) 1.14 (1.05-1.25)

Hypertension 1.40 (1.27-1.54) 1.40 (1.27-1.54)

Cardiovascular disease 1.29 (1.20-1.39) 1.29 (1.20-1.39)

Dyslipidemiad 0.92 (0.86-0.98) 0.92 (0.86-0.98)

Family history diabetes 2.08 (1.95-2.22) 2.08 (1.95-2.22)

Note: Values shown are odds ratio (95% confidence interval).
Logistic regression, dependent variable diabetes/no diabetes;
data for waist circumference were available from 2008; n �
20,135 after excluding missing values in covariates and further
excluding missing values for waist circumference; diabetes de-
fined as self-reported, using medication, fasting glucose level
�126 mg/dL, or nonfasting glucose level �200 mg/dL.

Abbreviations: CKD, chronic kidney disease; CKD-EPI, Chronic
Kidney Disease Epidemiology Collaboration; MDRD, Modifica-
tion of Diet in Renal Disease.

aMDRD Study equation.
bCKD-EPI equation.
cBody mass index �30 kg/m2.
dDyslipidemia defined as cholesterol level �200 mg/dL or

triglyceride level �150 mg/dL.
therapy.9
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Our study is limited by the cross-sectional nature of
the analysis and lack of measurement of possible con-
founders that could at least partially explain the in-
creased prevalence of diabetes in patients with CKD.
These include microalbuminuria and inflammatory and
oxidative stress markers. Additional limitations include
ascertainment of diabetes using blood glucose level and
the absence of hemoglobin A1c measurement that cur-
rently is recommended for diabetes diagnosis.12
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