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Aim: Data on prevalence of chronic kidney disease (CKD) among US adults with type 2 diabetes (T2D)
and cardiovascular diseases (CVD) are limited. The aim of this study was to provide such estimates for
T2D, both overall and in those with CVD.
Materials and methods: Using the NHANES 2007—2014 data, we conducted a cross-sectional analysis of
an adult sample with diagnosed and undiagnosed T2D, aged >18 years. CVD was defined based on self-
reported personal interview data on a broad range of health conditions—congestive heart failure, cor-
onary heart disease, angina, stroke, or heart attack. T2D was defined as diagnosed T2D (self-reported
provider diagnosis) and undiagnosed T2D (FPG >126 mg/dL or HbAlc > 6.5% without self-reported
diagnosis). Participants who started insulin within a year of T2D diagnosis, or were pregnant at the
time of health examination were excluded. Appropriate sample weights were used to provide a national
estimate.
Results: The prevalence of moderate to severe renal impairment based on eGFR below 60 ml/min/1.73 m?
among T2D was 18.0%. The prevalence of mild renal impairment was 36.9%: 28.3% with UACR<30 mg/g,
7.0% with UACR >30—300 mg/g and 1.6% with UACR >300 mg/g. For T2D and CVD subgroup, the prev-
alence was 33.6% for moderate to severe renal impairment and 42.8% for mild renal impairment.
Conclusions: This study confirms the high prevalence of CKD in patients with multiple comorbidities:
T2D and CVD. It also provides estimates of the prevalence of CKD categories based on KDIGO 2012
classification for US adults with T2D.

© 2018 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

type 2 diabetes (T2D) and cardiovascular diseases (CVD) are
limited. Using a nationally representative sample, our study sought

Chronic kidney disease (CKD) is an increasing public health
issue and often occurs in the context of multiple comorbidities [1].
The Kidney Disease: Improving Global Outcomes (KDIGO) 2012
Clinical Practice Guideline recommends that CKD is classified based
on cause, estimated glomerular filtration rate (eGFR) category, and
albuminuria category [2].

Prevalence of CKD in the US adult general population is 14.8%
[3]. However, data on the prevalence of CKD among US adults with
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to provide a national estimate of prevalence of CKD in US adults
aged >18 years with T2D, both overall and in those with CVD, based
on KDIGO 2012 classification.

2. Methods

The National Health and Nutrition Examination Survey
(NHANES) 2007—2014 were used for this study. NHANES is a cross-
sectional survey designed to monitor the health and nutritional
status of the representative samples of non-institutionalized
civilian US population [4].

All NHANES participants aged 18 years or older, with complete
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demographic data, laboratory data, and information about T2D and
CVD required for this study were included in the analysis.

CKD was categorized based on the KDIGO classification by GFR
and albuminuria categories. GFR categories were based on eGFR:
G1 > 90ml/min/1.73 m? (normal to high); G2 60—89 ml/min/
1.73 m? (mildly decreased); G3a 45—59 ml/min/1.73 m? (mildly to
moderately decreased); G3b 30—44 ml/min/1.73 m? (moderately to
severely decreased); G4 15—29ml/min/1.73m? (severely
decreased); and G5 <15 ml/min/1.73 m? (kidney failure). eGFR was
calculated using two equations: Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) equation and Modification of Diet in
Renal Disease (MDRD) equation [5,6]. Albuminuria categories were
based on the urine albumin to creatinine ratio (UACR): A1 < 30 mg/
g (normal to mildly increased); A2 30—300 mg/g (moderately
increased); and A3 > 300 mg/g (severely increased).

T2D consisted of both self-reported diagnosed T2D and undi-
agnosed T2D. NHANES participants who self-reported T2D were
identified 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”. Undiagnosed T2D was defined by fasting plasma
glucose (FPG) >126 mg/dL or HbAlc > 6.5% among participants
who did not report a previous diabetes diagnosis during the
interview. Participants with type 1 diabetes, defined as a patient
started insulin within a year of diabetes diagnosis, or participants
who were pregnant at the time of health examination were
excluded from the analysis.

Participants with CVD were identified based on self-reported
responses to interview questionnaires on coronary heart disease,
angina, heart attack, heart failure or stroke (i.e. ever told they had
coronary heart disease, angina, heart attack, heart failure or stroke),
or the presence of Grade 1 or Grade 2 angina as defined by the Rose
questionnaire and captured in the Cardiovascular Disease and
Health interview [7].

The prevalence of eGFR and UACR categories (and 95% confi-
dence intervals) was calculated among US adults with T2D. A
subgroup analysis was conducted among the US T2D population
with CVD. The observations were weighted to account for the
complex sampling design of NHANES and to project the estimates
to the entire US population [8]. Statistical analyses were conducted
using SAS, version 9.4.

3. Results

The NHANES 2007—2014 sample included a total of 3271 adults
with T2D, yielding a national projected population estimate of 23.6
million. Based on the national estimates, 52.8% of US adults with
T2D were male, 37.4% were aged >65 years old, and 60.3% were
Non-Hispanic whites (Table 1).

The prevalence of moderate to severe renal impairment based

Table 2

Table 1
Demographic characteristics of NHANES projected national estimates of US adults
with T2D, overall and with CVD, NHANES 2007—2014.

T2D overall T2D and CVD
N* Percent (SE) N? Percent (SE)
Sex
Male 12,444,790 52.8(1.2) 3,159,820 54.9(2.2)
Female 11,138,965 47.2 (1.2) 2,599,252 45.1(2.2)
Age
18—64 years 14,775271 62.7 (1.1) 2,262,843 39.3(2.2)
65—74 years 5,154,823  21.9(0.9) 1,848,575 32.1(2.2)
>75 years 3,653,661 15.5 (0.7) 1,647,655 28.6(1.9)
Ethnicity
Non-Hispanic whites 14,221,480 60.3 (1.1) 3,952,458 68.6(1.8)
Non-Hispanic black 3,562,525 15.1 (0.6) 782,752 13.6 (1.1)
Mexican American 2,382,769 10.1 (0.5) 374,169 6.5 (0.7)
Other Hispanic 1,413,512 6.0 (0.4) 255,509 4.4 (0.6)
Others 2,003,470 8.5 (0.6) 394,184 6.8 (1.2)
Total 23,583,755 100.0 5,759,072 100.0

CVD = cardiovascular diseases; SE=standard error of percent, T2D =type 2
diabetes.
2 Projected to national estimate.

on eGFR below 60 ml/min/1.73 m? using CKD-EPI equation was
18.0%: 10.4% with Stage 3a, 5.4% with Stage 3b, and 2.2% with Stage
4 or 5. The prevalence of mild renal impairment (stage 2,
eGFR = 60—89 ml/min/1.73m?) was 36.9%  283%  with
UACR<30 mg/g (normal to mildly increased albuminuria), 7.0% with
UACR >30-300 mg/g (moderately increased albuminuria) and
1.6% with UACR >300mg/g (severely increased albuminuria)
(Table 2). The prevalence of CKD based on eGFR was slightly higher
using the MDRD equation compared to CKD-EPI. Using the MDRD
equation, the prevalence was 20.0% for moderate to severe renal
impairment and 44.1% for mild renal impairment (Table 3).

Approximately 24.4% of individuals with T2D have CVD. For the
T2D and CVD subgroup, the prevalence of moderate to severe renal
impairment was 33.6% (Stage 3a: 16.1%; Stage 3b: 12.3%; Stage 4 or
5: 5.2%). The prevalence of mild renal impairment (Stage 2) was
42.8%, including 29.0% with UACR<30 mg/g, 11.8% with UACR>
30—300 mg/g and 2.1% with UACR >300 mg/g (Table 4). The prev-
alence of CKD based on eGFR using MDRD equation provided
similar results (Table 4).

4. Discussion and conclusions

This study applies a global classification of CKD to estimate the
prevalence of renal impairment among the US population with T2D
using a nationally representative sample. Bailey et al. [9] used
NHANES 1999—2012 data and a similar staging of CKD and reported
a slightly higher prevalence of CKD among the T2D population than
our study. The study population from Bailey et al. was limited to

Prevalence [% (95 CI)] of CKD among US adults with T2D, by eGFR (CKD-EPI) and Albuminuria Categories: KDIGO 2012 classification, NHANES 2007—2014.

Albuminuria (UACR) category, mg/g

GFR category, ml/min/1.73m? (CKD-EPI) Al: <30

A2: 30-300 A3:>300 Total

Normal to mildly increased

Moderately increased Severely increased

G1: >90 Normal or high 35.5(33.2—37.8)
G2: 60-89 Mildly decreased 28.3 (26.2—30.5)
G3a: 45-59 Mildly to moderately decreased 7.3 (6.1-8.5)
G3b: 30-44 Moderately to severely decreased 2.6 (2.0-3.3)
G4: 15-29 Severely decreased 0.2 (0.1-0.4)
G5: <15 Kidney failure 0.01 (0—0.04)

8.1(6.8-9.3) 1.5 (1.0-2.0) 45.1 (42.7-47.4)
7.0 (5.8—8.1) 1.6 (1.1-2.1) 36.9 (34.6—39.2)
2.4(1.8-2.9) 0.7 (0.4—1.0) 10.4 (9.1-11.7)
1.8 (1.2—2.4) 1.0 (0.6—1.4) 54 (4.5-6.4)

0.9 (0.5-1.3) 0.7 (0.4—1.1) 1.8 (1.3-24)

0.1 (0-0.3) 0.3 (0.1-0.5) 0.4 (0.2-0.7)

CI = confidence interval; CKD = chronic kidney disease; CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration; eGFR = estimated glomerular filtration rate; KDI-
GO=Kidney Disease Improving Global Outcomes; T2D = type 2 diabetes; UACR = urine albumin-to-creatinine ratio.
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Table 3

Prevalence [% (95 CI)] of CKD among US adults with T2D, by eGFR (MDRD) and Albuminuria Categories: KDIGO 2012 classification, NHANES 2007—2014.

Albuminuria (UACR) category, mg/g

GFR category, ml/min/1.73m? (MDRD) Al: <30

A2: 30-300 A3:>300 Total

Normal to mildly increased

Moderately increased Severely increased

G1: >90 Normal or high 27.7 (25.7—29.8)
G2: 60-89 Mildly decreased 344 (32.1-36.7)
G3a: 45-59 Mildly to moderately decreased 8.9 (7.6—10.3)
G3b: 30-44 Moderately to severely decreased 2.6 (2.0-3.3)
G4: 15-29 Severely decreased 0.2 (0.1-04)
G5: <15 Kidney failure 0.01 (0—-0.04)

7.0 (5.8—8.1) 1.1 (0.8—1.5) 35.9 (33.6-38.1)
7.9 (6.7-9.1) 1.8 (1.2-2.4) 44.1 (41.8—46.5)
2.6 (2.0-3.2) 0.9 (0.6-1.3) 12.5 (11.0-14.0)
1.8 (1.2-2.3) 0.9 (0.5-1.3) 53 (4.4-6.3)
0.9 (0.5-1.2) 0.7 (0.4—1.1) 1.8 (1.2-2.3)
0.1 (0-0.3) 0.3 (0.1-0.5) 0.4 (0.2—0.7)

Cl = confidence interval; CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; KDIGO=Kidney Disease Improving Global Outcomes; MDRD = Modifi-
cation of Diet in Renal Disease; T2D = type 2 diabetes; UACR = urine albumin-to-creatinine ratio.

Table 4

Subgroup analysis: Prevalence [% (95 CI)] of CKD among US adults with self-reported CVD and T2D, by eGFR (CKD-EPI/MDRD) and Albuminuria Categories: KDIGO 2012

classification, NHANES 2007—2014.

Albuminuria (UACR) category, mg/g

Al: <30

A2: 30-300 A3: >300 Total

Normal to mildly increased

Moderately increased Severely increased

GFR category, ml/min/1.73m? (CKD-EPI)

G1: >90 Normal or high 17.2 (13.6—20.7)
G2: 60-89 Mildly decreased 29.0 (24.9—-33.1)
G3a: 45-59 Mildly to moderately decreased 10.6 (8.0—13.3)
G3b: 30-44 Moderately to severely decreased 6.2 (4.2-8.3)
G4: 15-29 Severely decreased 0.5 (0.03—1.0)
G5: <15 Kidney failure 0

GFR category, ml/min/1.73m? (MDRD)

G1: >90 Normal or high 15.3(11.9-18.6)
G2: 60-89 Mildly decreased 27.8 (23.5-31.6)
G3a: 45-59 Mildly to moderately decreased 13.9 (10.7-17.1)
G3b: 30-44 Moderately to severely decreased 6.2 (4.2-8.3)
G4: 15-29 Severely decreased 0.5 (0.03—1.0)
G5: <15 Kidney failure 0

48 (3.1-6.5) 1.6 (0.5-2.7) 23.6 (19.7-27.4)
11.8 (8.9-14.6) 2.0 (1.0-3.1) 42.8 (38.4-47.2)
45 (2.8-6.1) 1.0 (0.3-1.7) 16.1 (13.0-19.2)
3(2.8-5.8) 1.8 (0.7-2.8) 12.3 (9.6-15.0)
1.9 (0.7-3.0) 2.0 (0.7-3.4) 44 (2.6-62)
4(0-1.2) 0.4 (0.1-0.7) 0.8 (0—1.7)
43(2.8-58) 0(0.4—1.6) 20.6 (17.0—-24.2)
12.3 (9.4-15.2) 2(0.9-3.5) 42.1 (37.7-46.4)
47 (3.1-6.4) (0 4-21) 19.9 (16.4-23.5)
1(2.7-5.6) 9 (0.8—3.0) 12.2 (9.6-14.9)
1.8 (0.6-2.9) 0(0.7-3.4) 43(2.5-6.1)
4(0-1.2) 04(01 —0.7) 0.8 (0-1.7)

CI = confidence interval; CKD = chronic kidney disease; CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration; CVD = cardiovascular diseases; eGFR = estimated
glomerular filtration rate; KDIGO=Kidney Disease Improving Global Outcomes; MDRD = Modification of Diet in Renal Disease; T2D = type 2 diabetes; UACR = urine albumin-

to-creatinine ratio.

diagnosed T2D with the age of onset >30 years, resulting in an older
study population than ours. This may explain some of the differ-
ences observed [9].0ur findings are consistent with a study of the
prevalence of CKD in T2D conducted by Wu et al. with similar age
group to our study [10]. However, Wu et al. did not provide the
distribution of albuminuria categories in every eGFR category. Our
study provides data among T2DM patients with CVD and undiag-
nosed T2D, which neither of the aforementioned two studies
include [9,10].

Our study has several limitations. Firstly, CVD were identified
based on self-reported responses to interview questionnaires.
Therefore, some CVD cases might have been missed because of lack
of information (such as peripheral artery disease) in the question-
naire, resulting in some misclassification of CVD status. Secondly,
the determination of the presence of kidney disease based on eGFR
and albuminuria was made based on a single random sample of the
laboratory values. Thirdly, NHANES only sampled noninstitution-
alized adults. The findings may not be generalizable to nursing
home adults where CKD prevalence is unknown but likely to be
high. Lastly, the sample size for G5 (Kidney failure) category in our
study is considered too small to produce statistically reliable
estimates.

Our study provides the most recent estimates of the prevalence
of CKD categories based on the eGFR categories and the distribution
of albuminuria by severity within the categories of eGFR among US
adults with T2D. Furthermore, the data confirms the high preva-
lence of CKD among the US population with multiple

comorbidities—T2D and CVD, with 33.6% individuals having evi-
dence of moderate to severe renal impairment, and 42.8% having
mild renal impairment, based on the CKD-EPI equation. Current
guidelines from the American Diabetes Association (ADA) and the
European Association for the Study of Diabetes (EASD) on the
management of hyperglycemia in patients with T2D recommend a
stepwise and individualized treatment approach taking into ac-
count the adverse effects of antidiabetic medications, patient's age
and comorbidities (such as cardiovascular diseases and kidney
function) [11,12]. The information generated by our study is
particularly useful to clinicians, policy makers, and entities focused
on T2D population health management.
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