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Objective: To describe the estimated prevalence and
temporal trends of chronic kidney disease (CKD)
treatment patterns, and the association between CKD
and potential factors for type 2 diabetes mellitus
(T2DM) in different demographic subgroups.
Research design and methods: This was a cross-
sectional analysis of adults with T2DM based on
multiple US National Health and Nutrition Examination
Survey (NHANES) datasets developed during
2007-2012. CKD severity was defined according to the
Kidney Disease: Improving Global Outcomes (KDIGO)
2012 guidelines using the CKD Epidemiology
Collaboration (CKD-EPI) equation: mild to
moderate=stages 1-3a; moderate to kidney
failure=stages 3b—5. Multivariable logistic regression
analyses were performed to assess the associations
between CKD and potential factors.

Results: Of the adult individuals with T2DM (n=2006),
age-adjusted CKD prevalence was 38.3% during
2007-2012; 77.5% were mild-to-moderate CKD. The
overall age-adjusted prevalence of CKD was 40.2% in
2007-2008, 36.9% in 2009-2010, and 37.6% in
2011-2012. The prevalence of CKD in T2DM was
58.7% in patients aged >65 years, 25.7% in patients
aged <65 years, 43.5% in African-Americans and
Mexican-Americans, and 38.7% in non-Hispanic
whites. The use of antidiabetes and antihypertensive
medications generally followed treatment guideline
recommendations. Older age, higher hemoglobin Alc
(HbA1c), systolic blood pressure (SBP), and having
hypertension were significantly associated with CKD
presence but not increasing severity of CKD.
Conclusions: CKD continued to be prevalent in the
T2DM population; prevalence remained fairly consistent
over time, suggesting that current efforts to prevent
CKD could be improved overall, especially by
monitoring certain populations more closely.

Diabetes mellitus is the most common con-
tributor to chronic kidney disease (CKD) in
the USA and worldwide. Prior studies have
estimated prevalence of CKD among non-

The prevalence of CKD in patients with T2DM in
the US remained consistently high from 2007 to
2012.

CKD was more prevalent in Non-Hispanic and
Mexican-American T2DM patients than in non-
Hispanic white T2DM patients.

Presence of CKD and severity stage of CKD were
associated with different demographic and clin-
ical factors.

institutionalized adults with type 2 diabetes
mellitus (T2DM) at 34.5-42.3%, with most
CKD cases identified as early stage (stage 1
or 2).177 Additionally, diabetes is present in
approximately 30-40% of all cases of end-
stage renal disease (ESRD) in the USA.®

The CKD staging system developed by the
Kidney Disease Outcomes Quality Initiative
(KDOQI) of the National Kidney Foundation
(NKF) uses estimated glomerular filtration
rates (eGFRs) to facilitate early identifica-
tion and stage-specific diabetes treatment
and dosing adjustment. Under this system,
KDOQI recommended avoiding glyburide
treatment in stages 3-5 of CKD, and initiat-
ing treatment with other agents, using appro-
priate dose adjustments, and urges special
care with metformin. The Kidney Disease:
Improving Global Outcomes (KDIGO)
updated CKD staging in 2012, accounting for
the presence of albuminuria, and subdividing
stage 3 into 3a (eGFR 45-59) and 3b (eGFR
30-44).!

Traditionally, eGFR has been calculated
with the well-established Modification of Diet
in Renal Disease (MDRD) equation, which
consists of four variables: age, sex, race/
ethnicity, and serum creatinine concentra-
tion. A known limitation of this equation is
that it underestimates eGFR for individuals
with eGFR >60 ml./min/1.73 m? because of
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the population sample that was used to derive the equa-
tion.? A newer equation, developed in 2009, using the
same four variables as the MDRD, and which has gained
popularity in the scientific literature, is the CKD
Epidemiology Collaboration (CKD-EPI) equation.lO
Reports suggest that this approach is associated with
improved performance and less bias in predicting renal
and cardiovascular events, especially at higher eGFR
Values;”_]?’ however, the difference between the two
estimates is minimal.'*

Awvailable literature suggests demographic and clinical
factors are associated with development and progression
of CKD among individuals with T2DM.'* 7 10 16
Among the demographic factors are older age, African-
American race, Hispanic ethnicities, and male sex. Clinical
factors include family history of CKD, diabetes, hyperten-
sion, hyperlipidemia, cardiovascular disease, obesity, and
srnoking.]2 151516 1h formation is lacking, however, on the
strength of the association between the presence and
severity of CKD and these potential factors in T2DM. In
addition, data currently available on temporal trends on
the prevalence of CKD stages among individuals with
T2DM and in key demographic subgroups based on the
newer KDIGO classification, particularly for stages 3a and
3b, are limited. The availability of data on medication
treatment patterns by CKD stages is also limited.

The objectives of this study were to describe current
and temporal trends of CKD prevalence in patients with
T2DM among demographic subgroups, the pharmaco-
logical treatment patterns in these patients by KDIGO
classification, and to assess the association between the
presence and severity of CKD and potential factors.

This study was designed as a cross-sectional analysis of
adult patients with T2DM drawn from three different
US National Health and Nutrition Examination Surveys
(NHANES): 2007-2008, 2009-2010, and 2011-2012.
The characteristics of NHANES data and cross-sectional
analysis methodology have been described.'”™"? The
variables selected for this study included patient demo-
graphics, data from medical examinations (blood pres-
sure (BP) and other vital signs), and laboratory data
(fasting plasma glucose and insulin, hemoglobin Alc
(HbAlc), standard biochemistry panel, urinary albumin
and creatinine, triglycerides, low-density lipoprotein
cholesterol, and high-density lipoprotein cholesterol).
The study also used self-reported data (via a patient
survey questionnaire) that included survey participants’
history of diabetes and other medical conditions, pre-
scription and other medication use, smoking status, and
health insurance eligibility.

This analysis included adults (>18years) with self-
reported diabetes. Patients’ self-reported questionnaire

responses were used to determine the presence of dia-
betes, which was based on (1) physicians informing par-
ticipants about their diabetes status or (2) participants
reporting any antidiabetes medication use. Participants
with type 1 diabetes mellitus (T1DM), defined as a
patient diagnosed at age <30 years and receiving insulin
treatment only, were excluded. Participants without
the requisite information to determine eGFR by the
CKD-EPI equation (serum creatinine, age, gender, and/
or race) were excluded. Pregnant participants were also
excluded from the study because of the potential for
distortions in their eGFR values.

This study followed CKD categorization based on the
2012 KDIGO classification recommendations.?’ CKD
stages 1-3a were categorized as mild to moderate, while
stages 3b-b were categorized as moderate to kidney
failure (see online supplementary table S1). Mean eGFR
was calculated with the CKD-EPI and MDRD equations.
As observed in prior literature, differences between
the estimates calculated from the two equations were
minimal.'? Therefore, this study focused on results
derived from the CKD-EPI equation.

Among the comorbid conditions assessed were retinop-
athy, nephropathy, congestive heart failure (CHF), cor-
onary heart disease (CHD), angina, myocardial
infarction (MI), stroke, and hypertension. All comorbid-
ities were based on participants’ self-reports. The pres-
ence of hypertension was further captured by readings
of mean systolic BP (SBP)/diastolic BP (DBP) >140/
90 mm Hg if available, participant-reported use of anti-
hypertensive agents, and any evidence of antihyperten-
sive medication use found in healthcare practitioner-led
medication reviews.

CKD prevalence estimates were weighted to reflect
national age distributions. Age adjustment was based on
the age distribution of diagnosed diabetes (all types) in
US adults (aged >18 years), which was derived from the
2012 US Census,”' and 2012 National Health Interview
Survey—Diagnosed Diabetes.”® Age-adjusted analyses
were only performed on the overall cohort and not for
any of the subanalyses (ie, analyses stratified by age,
gender, and race/ethnicity).

Prevalence, projected means, corrected variance esti-
mates, and 95% CIs were obtained and accounted for in
the complex sampling design effect. Appropriate survey
weights provided by NHANES were applied to account
for non-response bias and oversampling.” %* tests for
categorical variables and analyses of variance (ANOVAs)
for continuous variables were performed to compare
demographic characteristics, comorbid conditions,
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laboratory values, and medication use between patients
with T2DM with no CKD, mild-to-moderate CKD (stages
1-3a), and moderate-to-severe CKD (stages 3b-5). Two
separate multivariable logistic regression models were
developed to test the relationship between CKD pres-
ence (with vs without CKD) and the severity of CKD
(moderate CKD to kidney failure vs mild-to-moderate
CKD) with the demographic and clinical characteristics
hypothesized to be associated with CKD. All analyses
were performed using SAS V.9.4.

A total of 2006 adults with T2DM were identified during
2007-2012; mean age was 60.5 years, and the mean dur-
ation of T2DM was 10.1 years. Half of the participants
(49.6%) were male; 60.7% were non-Hispanic white,
16.0% were non-Hispanic black, and 9.3% were
Mexican-American. A majority (77.6%) had hyperten-
sion and 16.4% were active smokers. The average eGFR
was 81.6 mL/min/1.73 m? according to the CKD-EPI
equation. In the total T2DM sample, 884 adults had
both T2DM and CKD. Older age, female sex, longer dia-
betes duration, higher SBP, and greater prevalence of
comorbid conditions were associated with declining
kidney function. Likely driven by survivor bias, mean age
was much lower in stage 5 than in stage 4 (59.7 vs
73.2 years), and the prevalence in stage 5 was lower than
stage 4 for most of the reported comorbid conditions
(table 1).

Temporal age-adjusted trends (table 2) during 2007-
2012 show overall CKD prevalence in the T2DM popula-
tion to be 38.3%. Most cases were mild-to-moderate
CKD, with 9.1% for stage 1, 9.4% for stage 2, and 11.2%
for stage 3a. Fewer than 9% had moderate CKD to
kidney failure: 5.5% for stage 3b, 2.4% for stage 4, and
0.7% for stage 5. The overall age-adjusted prevalence of
CKD was 40.2% in 2007-2008, 36.9% in 2009-2010, and
37.6% in 2011-2012.

During 2007-2012, the prevalence of CKD in adults with
T2DM was 58.7% among those aged >65 years and 25.7%
among those aged 18-64 years. Most individuals with CKD
who were aged <65 years were in early stages (stage 1 and
2), while most CKD cases in the elderly group were in
stage 3a or higher (see online supplementary table S2).

The overall prevalence of CKD was 40.0% in men and
38.7% in women. Most men with CKD were in early
stages, with 10.5%, 11.3%, and 12.1% for stages 1-3a,
respectively, while most CKD cases in women were in
stages 2-3b (8.7%, 11.7%, and 7.2%, respectively) (see
online supplementary table S2).

The prevalence of CKD was 43.5% in non-Hispanic
blacks and Mexican-Americans, and 38.7% in non-
Hispanic whites. Almost a quarter (22.5%) of Mexican-
Americans with T2DM had stage 1 CKD, accounting for
more than half of the CKD prevalence in this ethnic
group. The prevalence of stage 5 CKD was 2.6% among
non-Hispanic blacks and 1.1% among Mexican-Americans
(table 3).

Mean SBP was 129.7 mm Hg in the overall T2DM popula-
tion, 125.9 mm Hg in T2DM without CKD, and between
132.9 and 144.5 mm Hg across CKD stages. Mean DBP
was 68.6 mm Hg in the overall T2DM population, and
between 60.4 and 75.0 mm Hg across all CKD stages
(table 1).

BMI was 33.2 kg/ m? in the overall T2DM population,
with 23.7% overweight (BMI: 25-29.9 kg/m?) and
64.4% obese (BMI: >30 kg/m2). Mean BMI was similar
across CKD stages (table 1).

Mean HbAlc was 7.2% in the overall T2DM population,
with 55.6% and 76.6% achieving the therapeutic targets
of <7% and 8%, respectively, suggested by the 2015
American Diabetes Association (ADA) Standards of
Medical Care depending on various patient and disease
factors.”* The proportion of individuals attaining the
goal <7% was 38.3% and 44.9% in stages 1 and 2,
between 55.0% and 61.1% in stages 3a—4, and 70.2% in
stage 5 (table 1).

Overall, 83.1% of individuals with T2DM received anti-
diabetes medications, including insulin (18.9%) and
oral antidiabetes medication (75.1%) (table 4). The use
of insulin, biguanide (metformin), and sulfonylurea
(SU) was significantly different between patients without
CKD, those with mild-to-moderate CKD, and those with
moderate CKD to kidney failure (all p values <0.05),
while the use of thiazolidinedione (TZD) and dipeptidyl
peptidase-4 (DPP-4) inhibitors was similar (all p values
>0.05). Descriptive trends showed that insulin use
appeared to increase in stage 4 (38.2%) and stage 5
(62.8%) from earlier stages (ranging between 15.1%
and 27.5%); metformin use dropped from 68.1% in
stage 1 to 3.5% in stage 4 and 3% in stage 5; SU use
increased to 52.9% in stage 3b and 55.6% in stage 4
from earlier stages (ranging between 30.5% and 43.6%).

Overall, 75.7% of individuals with T2DM received anti-
hypertensive medications. Use was extensive in those
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Demographic characteristics

NHANES sample, n

Overall
2006

CKD stages (eGFR determined by CKD-EPI equation)

No CKD
1122

Mild-to-moderate CKD

Moderate to kidney failure

Stage 1
201

Stage 2
221

Stage 3a
257

Stage 3b
133

Stage 4
48

Stage 5
24

Projected National Estimate, estimate (95% CI)

p Value*

Mean age, years
Age>65 years, %
Gender, % male
Mean diabetes durationt,
years
Mean eGFR (CKD-EPI),
mL/min/1.73 m?
Mean eGFR (MDRD),
mL/min/1.73 m?
Current smoker, %
Race/ethnicity
Non-Hispanic white, %
Non-Hispanic black, %
Mexican-American, %
Other Hispanic, %
Other, including
multiracial, %
Insurance status
Commercial
coverage, %
Medicare, %
Medicaid, %
Othert, %
No insurance, %

60.5 (59.8 to 61.3)
41.4 (39.2 to 43.7)
49.6 (46.4 10 52.8)
10.1 (9.5 to 10.8)

81.6 (80.2 to 82.9)
80.3 (78.9 t0 81.7)
16.4 (14.4 10 18.4)

60.7 (54.8 to 66.5)
16.0 (12.0 to 20.0)
9.3 (5.9 to 12.6)
5.8 (3.5 to 8.0)
8.3 (6.3 to 10.3)

56.2 (52.5 to 59.9)

19.5 (17.6 to 21.4)
6.0 (4.6 t0 7.4)
6.1 (4.3 t0 8.0)

12.1 (9.9 to 14.3)

Comorbid conditions (self-reported)

Retinopathy, %
Congestive heart
failure, %
Coronary heart
disease, %
Angina/angina
pectoris, %
Myocardial
infarction, %
Stroke, %
Hypertension§, %
Vital signs

Mean SBP, mm Hg
Mean DBP, mm Hg
BMI

<25, %

25-29.9, %

>30, %

Blood tests

Mean creatinine, mg/dL
Mean uric acid, mg/dL
Mean HDL, mg/dL
Mean UACR, mg/g

15.0 (13.1 to 16.9)
10.4 (8.5 to 12.3)

12.2 (10.2 to 14.3)
8.4 (6.7 to 10.1)
11.0 (9.2 to 12.8)

8.8 (7.2 to 10.4)
77.6 (74.7 to 80.5)

56.9 (56.0 to 57.7)

28.2 (25.1 to 31.3)

49.0 (44.5 to 53.5)
8.7 (7.8 0 9.7)

92.1 (91.1 to 93.1)
90.0 (88.7 to 91.3)
17.6 (14.5 1o 20.8)
61.3 (55.1 to 67.5)
14.9 (10.8 to 19.0)
8.6 (5.6 o 11.7)
6.6 (4.0 t0 9.1)
8.6 (6.4 0 10.9)
59.4 (55.1 to 63.7)
13.0 (11.1 to 15.0)
5.7 (4.2 t0 7.3)
7.4 (4.9 0 10.0)
14.4 (11.3 t0 17.4)

10.5 (8.0 to 12.9)
5.2 (3.3t07.2)

8.7 (6.0 o 11.4)
6.9 (4.7 0 9.0)
8.2 (5.9 0 10.4)

4.7 (3210 6.1)
70.9 (66.7 to 75.0)

52.9 (50.6 to 55.2)

13.7 (9.4 to 18.1)

61.4 (53.8 to 68.9)
9.0 (7.5 to 10.4)

105.3 (103.2 to 107.4)

108.7 (104.8 to 112.6)

32.0 (23.6 t0 40.4)

42.4 (31.3 0 53.4)

21.6 (14.6 to 28.7)

247 (17.1 to 32.3)
5.5 (2.3 to 8.6)
5.9 (2.8 t0 8.9)

50.2 (42.1 to 58.3)

10.0 (5.9 to 14.1)
9.8 (4.9 to 14.7)
6.5 (2.6 to0 10.3)

23.5 (17.3 o 29.8)

12.9 (6.5 to 19.3)
3.4 (0.9 to 6.0)

43(151t07.2)
4.2 (0.4 t0 8.0)
6.9 (3.4 to 10.5)

6.8 (2.31t011.2)
73.5 (64.7 to 82.3)

66.8 (65.3 to 68.3)
62.7 (56.1 to 69.3)
56.0 (47.2 to 64.9)
13.1 (1.4 to 14.8)

75.8 (73.8 to 77.7)
73.3 (715 t0 75.2)
16.3 (8.4 to 24.2)
56.8 (46.4 to 67.2)
14.7 (8.1 to 21.3)
8.8 (3.2 to 14.3)
5.6 (2.4 t0 8.8)
14.1 (6.4 to 21.8)
51.8 (41.9 to 61.7)
30.1 (22.2 to 38.0)
6.9 (3.4 to 10.5)
4.9 (2210 7.5)
6.3 (3210 9.4)

22.8 (16.1 t0 29.4)
19.5 (12.2 t0 26.7)

17.3 (10.3 to 24.3)
9.3 (5.1 t0 13.6)
12.6 (7.4 10 17.7)

15.9 (8.9 to 22.9)
90.7 (86.4 to 95.0)

70.3 (69.2 to 71.5)
79.1 (73.4 to 84.8)
50.3 (40.4 to 60.2)
13.1 (10.9 to 15.2)

53.4 (52.8 to 54.0)
52.7 (52.1 to 53.4)
7.4 (3.9 t0 10.8)
69.5 (60.7 to 78.3)
18.6 (12.8 to 24.4)
3.9 (1.4 t0 6.4)
3.5 (1.2t0 5.8)
4.5 (1.1 t0 7.8)
54.3 (47.4 to 61.2)
32.3 (25.9 to 38.7)
5.6 (1.8 t0 9.4)
3.4 (1.9 to 4.9)
4.4 (0.6 t0 8.1)

16.4 (11.4 to 21.4)
16.0 (9.3 to 22.6)

17.1 (11.3 to 22.9)
10.3 (5.7 to 14.8)
18.3 (11.1 to 25.6)

14.6 (9.9 to 19.4)
90.7 (86.1 to 95.3)

73.8 (72.6 to 75.0)
87.5 (82.4 to 92.6)
38.0 (28.8 to 47.1)
15.8 (13.6 to 17.9)

38.2 (37.1 to 39.3)
38.5 (37.4 to 39.6)
3.3 (0.2 to 6.5)
71.1 (62.6 to 79.6)
10.9 (5.3 to 16.5)
6.1 (0.8 to 11.4)
5.1 (2.3 to 8.0)
6.8 (1.0 to 12.5)
49.9 (38.3 to 61.4)
44.5 (33.4 to 55.6)
0.3 (0.0 to 1.0)
1.8 (0.2 to 3.5)
3.5 (1.0 to 5.9)

26.0 (17.3 t0 34.7)
29.4 (17.7 to 41.2)

28.4 (20.2 to 36.6)
17.1 (8.4 10 25.9)
17.7 (11.1 to 24.3)

22.8 (15.9 to 29.6)
94.0 (88.8 to 99.1)

73.2 (71.1 to 75.2)
85.3 (76.7 to 94.0)
23.3 (13.6 to 33.1)
16.0 (13.4 to 18.6)

23.8 (22.5 to 25.1)
24.4 (23.1 10 25.8)
11.2 (4.1 to 18.3)
70.6 (61.6 to 79.6)
15.9 (8.9 t0 22.8)

5.9 (0.0 to 12.0)

0.0 (N/A)

7.6 (0.0 to 15.5)
49.8 (33.2 to 66.4)
41.8 (25.2 to 58.5)

7.4 (3.8 t0 11.0)

1.0 (0.0t0 3.2)

0.0 (N/A)

60.2 (51.4 to 68.9)
425 (30.6 to 54.4)

40.2 (28.0 to 52.3)
23.8 (7.0 to 40.6)
33.6 (15.3 10 51.9)

25.6 (13.8 to 37.4)
96.8 (91.4 to 100.0)

59.7 (58.2 to 61.3)

33.3 (11.8 to 54.8)

40.6 (13.2 to 68.0)
8.7 (7.8 10 9.7)

9.0 (8.7 to 9.4)
9.6 (9.2 to 10.0)
3.0 (0.0 to 15.3)
6.4 (4.2 t0 8.5)
63.5 (34.2 to 92.9)
15.1 (10.0 to 20.1)
5.9 (0.0 to 17.8)
9.1 (0.0 to 25.3)
15.9 (0.0 to 46.3)
46.2 (23.3 to 69.1)
17.8 (2.3 to 33.4)
12.0 (8.0 to 16.0)
8.1 (0.0 to 30.8)

46.2 (31.3 to 61.1)
44.0 (25.2 to 62.8)

24.6 (15.5 to 33.7)
19.2 (0.0 to 45.7)
24.6 (15.5 to 33.7)

18.7 (0.0 to 38.7)
97.9 (97.2 to 98.6)

<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
0.0880
0.0969
0.0368
0.0268
0.8186
0.0043
<0.0001
0.2587
0.0097
0.0003

<0.0001
<0.0001

<0.0001

0.0082

<0.0001

<0.0001
<0.0001

129.7 (128.6 to 130.8) 125.9 (124.4 to 127.3) 132.9 (129.7 to 136.2) 138.5 (135.1 to 142.0) 133.0 (130.0 to 136.1) 136.3 (131.6 to 141.1) 140.3 (133.4 to 147.3) 144.5 (127.3 to 161.7) <0.0001

68.6 (67.7 to 69.5)
33.2 (32.7 to 33.7)
11.8 (9.6 to 14.1)

23.7 (21.2 to 26.3)
64.4 (60.9 to 68.0)

1.0 (1.0 0 1.0)
5.9 (5.8 t0 6.0)
46.4 (45.6 t0 47.1)

137.1 (101.7 to 172.5)

70.1 (69.1 to 71.0)
33.3 (32.6 to 34.0)
10.5 (7.7 to 13.2)

25.9 (22.5 to 29.3)
63.7 (59.1 to 68.2)

0.8 (0.8 to 0.8)

5.5 (5.4 t0 5.7)
46.4 (45.3 to 47.6)
10.3 (9.8 to 10.8)

75.0 (72.4 to 77.6)
33.4 (32.1 to 34.7)
15.3 (8.7 to 21.9)

18.7 (13.5 to 23.8)
66.0 (58.1 to 73.9)

0.7 (0.7 t0 0.8)
5.5 (5.2 t0 5.7)
45.4 (43.6 t0 47.2)

67.9 (65.0 to 70.9)
32.3 (31.1t0 33.6
17.2 (10.2 to 24.1
20.0 (14.8 to 25.2
62.9 (55.3 to 70.4

1.0 (0.9 t0 1.0)
6.1 (5.8 t0 6.4)
46.4 (43.6 to 49.2)

62.5 (60.2 to 64.8)
33.7 (32,5 to 34.9)
11.8 (7.2 to 16.4)

17.7 (121 t0 23.2)
70.5 (63.8 to 77.2)

12(1.2101.3)
6.6 (6.3 10 6.9)
46.4 (44.5 to 48.3)

61.8 (59.3 to 64.2)
33.6 (31.9 to 35.3)
12.9 (6.5 10 19.2)

21.9 (13.9 to 30.0)
65.2 (57.4 to 73.0)

1.5 (1.5 10 1.6)
7.3 (7.0 10 7.7)
46.8 (44.2 t0 49.4)

60.4 (57.5 to 63.3)
30.6 (29.1 to 32.0)
8.3 (1.6 to 15.0)
40.0 (22.6 to 57.4)
51.7 (34.3 0 69.1)

2.2 (2.1 to 2.4)
8.0 (7.4 t0 8.7)
47.0 (43.2 to 50.8)

64.2 (59.2 to 69.2)
31.0 (29.0 to 33.0)
21.6 (4.6 to 38.7)
12.2 (9.7 to 14.7)
66.2 (51.1 to 81.2)

6.2 (5.9 to 6.5)
6.0 (5.5 t0 6.5)
43.6 (38.5 to 48.7)

163.2 (120.9 to 205.4) 369.1 (222.1 to 516.1) 239.8 (58.1 to 421.6) 348.5 (104.7 to 592.3) 575.7 (332.6 t0 818.7) N/AY

<0.0001
0.4885
0.1691
0.0025
0.2726

<0.0001
<0.0001
0.8612
<0.0001
Continued
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CKD stages (eGFR determined by CKD-EPI equation)

Mild-to-moderate CKD Moderate to kidney failure
Overall No CKD Stage 1 Stage 2 Stage 3a Stage 3b Stage 4 Stage 5
2006 1122 201 221 257 133 48 24

NHANES sample, n Projected National Estimate, estimate (95% CI) p Value*
Mean HbA1c, % 7.2 (7.1 10 7.3) 7.1 (7.0 t0 7.2) 8.1 (7.8 to 8.5) 7.6 (7.3 10 7.8) 7.0 (6.8 to 7.2) 7.1 (6.8 to 7.4) 7.0 (6.6 to 7.4) 7.3 (6.8 t0 7.8) <0.0001
HbA1c <7%, % 55.6 (50.1 to 61.1) 58.4 (51.7 to 65.1) 38.3 (22.5 to 54.2) 44.9 (32.0 to 57.8) 61.1 (46.5 to 75.7) 57.7 (42.1 to 73.4) 55.0 (29.0 to 81.1) 70.2 (32.3 t0 100.0)  0.0307
HbA1c 7%—<8%, % 21.0 (18.3 t0 23.7) 19.6 (16.2 to 23.0) 16.8 (10.3 to 23.3) 27.9 (18.6 to 37.1) 20.8 (14.3 to 27.3) 28.2 (19.1 to 37.3) 29.9 (17.8 to 42.0) 2.4 (1.6 to 3.3) 0.2741
HbA1c>8%, % 23.4 (19.4 to 27.4) 22.0 (16.6 to 27.4) 44.9 (31.3 to 58.5) 27.2 (16.9 to 37.6) 18.1 (8.6 to 27.6) 14.1 (5.4 t0 22.7) 15.1 (0.7 to 32.7) 27.4 (11.2 to 50.6) 0.0122

*Statistical testing was performed to compare patients with no CKD, mild-to-moderate CKD, and moderate CKD to kidney failure. ANOVA t test was used for continuous variable. Wald y? test
was used for categorical variable. p Value cannot be calculated if any of the table cell contains 0 expected frequency.

tMean diabetes duration was only calculated within respondents with self-reported age<79 years at the time of the survey and non-missing self-reported age<79 years when first diagnosed with
diabetes.

FOther insurance includes Medi-Gap, State Children’s Health Insurance Program (SCHIP), military healthcare, state-sponsored health plan, other government insurance, and single service plan.
§In addition to self-reported hypertension, respondents with measured mean systolic blood pressure/diastolic blood pressure>140/90 mm Hg and/or self-reported use of antihypertensive agents
were identified as patients with hypertension.

flUnable to estimate due to small sample size and missing data.

BMI, body mass index; CKD, chronic kidney disease; CKD-EPI, the Chronic Kidney Disease Epidemiology Collaboration equation; DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration rate; HbA1C, hemoglobin A1c; HDL, high-density lipoprotein; MDRD, Modification of Diet in Renal Disease Study equation; SBP, systolic blood pressure; UACR, urinary albumin:
creatinine ratio.

Age-adjusted prevalence of CKD in T2DM

Overall NHANES 20072008 NHANES 2009-2010 NHANES 2011-2012
eGFR determined by CKD-EPI N % (95% CI) N % (95% CI) N % (95% CI) N % (95% CI)
No CKD 1122  61.7(59.21064.2) 380 59.8(56.2t063.5) 391 63.1(58.61067.6) 351 62.4 (57.310 67.5)
CKD all stages 884 38.3(35.81040.8) 316 40.2(365t043.8) 293 36.9(324t041.4) 275 37.6(32.51042.7)

Stage 1 (€GFR >90 and UACR >30 mg/g) 201 9.1 (7.51010.7) 84 11.4(8.21014.7) 60 6.9 (5.1108.8) 57 87(5.7t011.7)

Stage 2 (eGFR 60-89 and UACR >30 mg/g) 221 9.4 (7.7t0 11.2) 88  11.2 (8.3 to 14.0) 71 9.8(6.01t0 13.5) 62  7.5(4.81010.2)

Stage 3a (eGFR 45-59) 257  11.2 (9.7 to 12.8) 78 9.4 (7.31011.6) 87 10.8 (8.0 to 13.6) 92  13.2(9.9to0 16.5)

Stage 3b (eGFR 30-44) 133 5.5 (4.4 10 6.6) 41  54(261082) 52 6.4 (4.6108.3) 40 4.9(34106.3)

Stage 4 (eGFR 15-29) 48  24(15103.2) 18  23(1.4103.2) 14 2.0(1.0t03.0) 16 2.7 (0510 4.9)

Stage 5 (€GFR <15) 24 0.7 (0.0t01.0) 7  05(0.0t00.9) 9 1.0(0.0t01.9) 8  0.6(0.1t01.1)
Total 2006 100 696 100 684 100 626 100

Age adjustment is based on the age distribution of diagnosed diabetes in US adults (18+years), which is derived from the following US Census Bureau data: 2012 Current Population Survey—
Annual Social and Economic Supplement, and 2012 National Health Interview Survey—Diagnosed Diabetes. The estimated age distribution of diagnosed diabetes is 12.58% for age 18—44,
48.33% for age 45—64, and 39.09% for age 65+.

CKD, chronic kidney disease; CKD-EPI, the Chronic Kidney Disease Epidemiology Collaboration equation; eGFR, estimated glomerular filtration rate (mL/min/1.72 m?); UACR, urinary albumin:
creatinine ratio (mg/g).



% (95% Cl)

93 62.9 (55.5 to 70.3)

60 37.1(29.7 to 44.5)
6.0 (2.9 10 9.0)

16.9 (8.2 to 25.7)

6.4 (1.4 10 11.4)
4.8 (0.9 10 8.7)
2.3 (0.0t0 5.1)
0.7 (0.0 t0 1.7)
100

multiracial

Other race—including
N
15
18
13
9
3
153

% (95% CI)
147 69.0 (65.0 to 73.1)

0.7 (0.0 to 1.6)
100

8.0 (4.9 0 11.2)
9.7 (6.5 to 13.0)
7.3 (3.6 t0 11.0)
5.2 (2.2 to0 8.3)
0.0 (0.0 to 0.0)

Other Hispanic

*
*

N
78 31.0 (26.9 to 35.0)
21
27
17
11
225

% (95% Cl)

56.5 (49.7 to 63.3)

155 43.5 (36.7 to 50.3)
5.0 (3.2 to 6.8)
3.9 (1.1 10 6.6)

1.6 (0.2 t0 2.9)
1.1 (0.0 to 2.2)

9.5 (6.2 to 12.8)
100

Mexican-American

5
5

N
63 22.5(17.4 to 27.6)
26
18

356

Prevalence of CKD by race
201

% (95% CI)
56.5 (51.2 to 61.9)

255 435 (38.1 to 48.8)
2.6 (0.9 to 4.3)

11.4 (7.9 to 14.9)
9.2 (6.2 0 12.2)
13.8 (11.0 to 16.7)
4.0 (2210 5.8)
2.5(1.2t0 3.8)

100

Non-Hispanic black

N
291
58
56
88
24
15
14
546

(5.1 0 8.7)

% (95% CI)
2.9 (1.6 t0 4.2)

390 61.3(57.910 64.7)
336 38.7 (35.31042.1)

5.9 (4.2 t0 7.6)
9.3 (6.7 to 12.0)
13.6 (11.1 to 16.1)
0.1 (0.0 10 0.2)

100

Non-Hispanic white
6.9

N

44
82
71
25

726

113

9/9)
Stage 3a (eGFR 45-59)

Stage 3b (eGFR 30-44)
Stage 4 (eGFR 15-29)
Stage 5 (eGFR <15)

Total

Prevalence of CKD in T2DM by race
Stage 2 (eGFR 60-89 and

UACR>30 m

Stage 1 (eGFR>90 and

UACR>30 mg/g)

*Cell frequency suppressed when count <3 to avoid potential imprecision of estimates.

eGFR determined by CKD-EPI

No CKD
CKD all stages

with CKD stage 2 or higher (ranging between 89.5%
and 100.0%) (table 4). Less than two-thirds of this
T2DM cohort were taking a medication associated with
renin-angiotensin—aldosterone system (RAAS) inhib-
ition, including ACE inhibitors (40.2%) and angiotensin
IT receptor blockers (ARBs; 21.8%). There was a differ-
ence in the use of ACE inhibitors and ARBs between
patients without CKD, those with mild-to-moderate CKD,
and those with moderate CKD to kidney failure (all
p values >0.05), while the use of B-blockers, diuretics,
and calcium channel blockers (CCBs) was statistically
different (all p values <0.05). Descriptive trends showed
that ARBs appeared to be more commonly used in stages
3a—4 (31.2-35.4%) than other individuals with T2DM;
the use of B-blocker and CCBs trended upward with
increasing CKD severity; diuretic use also increased from
stage 1 through stage 4 (21.6-73.1%), but sharply fell
in stage 5 (33.9%); thiazide diuretics were more com-
monly used by individuals without CKD or with mild-
to-moderate CKD compared with other diuretic sub-
classes; in later CKD stages, the dominance of thiazide
diuretics was replaced with loop diuretics.

Older age (OR=1.58 per decade, p<0.0001), non-
Hispanic black (OR=1.33 vs non-Hispanic white, p=0.0346)
or Mexican-American (OR=1.85 vs non-Hispanic white,
p=0.0082), hypertension (OR=1.78, p=0.0044), retinopathy
(OR=1.69, p=0.0016), stroke (OR=1.84, p=0.0044), CHF
(OR=2.41, p=0.0007), higher HbAlc (OR=1.18 per 1%
increase, p=0.0001), higher SBP (OR=1.22 per 10 mm Hg
increase, p<0.0001), and higher BMI (OR=1.14 per 5 kg/m”
increase, p=0.0266) conferred significantly greater odds
for CKD in T2DM. Female sex (OR=2.26, p=0.0001), retin-
opathy (OR=2.64, p<0.0001), CHD (OR=2.75, p=0.0032),
and CHF (OR=2.21, p=0.0096) signaled greater odds for
moderate CKD to kidney failure versus mild-to-moderate
CKD (figure 1).

Prior literature has reported that the overall prevalence
of CKD in patients with T2DM ranges between 34.5%
and 42.3%, with stages 4 and 5 present in <3% of
individuals with T2DM.'~® Studies by Plantinga et al and
Bailey ¢t al’ have suggested that CKD stage 3a (10.0-
12.9%) is more than twice as common as stage 3b (4.1-
5.8%) in the general diagnosed T2DM population.
Using the most recent data from NHANES during 2007-
2012, this study found that the overall prevalence
of CKD in individuals with T2DM was estimated to be
38.3%—with 11.2% for stage 3a, 5.5% for stage 3b, and
3.1% for stages 4 and 5 combined—and consistent with
previously reported estimates. This study, however, con-
tributes new information demonstrating that the preva-
lence of CKD among individuals with T2DM remained
relatively constant from 2007 to 2012. This finding could
be of relevance to policymakers, healthcare providers,

CKD, chronic kidney disease; CKD-EPI, the Chronic Kidney Disease Epidemiology Collaboration equation; eGFR, estimated glomerular filtration rate (mL/min/1.72 m?); T2DM, type 2 diabetes

mellitus; UACR, urinary albumin:creatinine ratio (mg/g).

BMJ Open Diabetes Research and Care 2016;4:¢000154. doi:10.1136/bmjdrc-2015-000154
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Use of antidiabetes and antihypertensive medications in T2DM by CKD stages*

NHANES sample, n

Overall
1380

CKD stages (eGFR determined by CKD-EPI equation)

No CKD
1122

Mild-to-moderate CKD

Moderate to kidney failure

Stage 1
144

Stage 2
159

Stage 3a
165

Stage 3b
93

Stage 4
32

Stage 5
16

Projected National Prevalence, % (95% Cl)

p Value*

Antidiabetes medication use
Filled an antidiabetes medication
Insulin
Oral antidiabetes medication
Biguanides
Sulfonylureas
Thiazolidinediones
DPP-4 inhibitors
Antidiabetes combinations
Meglitinides
Incretin mimetics
o-Glucosidase inhibitors
Amylin analogs
Antihypertensive medication use
Filled an antihypertensive
medication
ACE inhibitors
B-Blockers
Diuretics
Thiazide diuretics
Loop diuretics
Potassium-sparing diuretics
Angiotensin Il inhibitors (ARBs)
Calcium channel blockers
Antihypertensive combinations
Antiadrenergic agents—peripherally
acting
Vasodilators
Antiadrenergic agents—centrally
acting

83.1 (80.1 to 86.2)
18.9 (16.7 to 21.2)
75.1 (71.8 to 78.3)
55.6 (51.8 t0 59.4)
35.4 (32.2 t0 38.7)
17.2 (14.6 t0 19.7)
7.4 (5.2 10 9.6)
7.3 (5.3 10 9.3)
2.0 (0.9 to 3.1)
1.8 (0.8 t0 2.8)
0.8 (0.0 t0 1.7)
0.2 (0.0 to 0.5)

75.7 (71.3 to 80.0)

40.2 (365 to 43.9)
30.6 (27.2 to 34.1)
36.2 (32.4 to 39.9)
23.7 (21.6 t0 25.9)
13.6 (11.5 to 15.7)
5.6 (3.9 to 7.4)
21.8 (18.4 to 25.1)
19.7 (16.7 t0 22.7)
17.9 (15.0 to 20.8)
5.7 (4.0 to 7.4)

2.8 (1.8 10 3.7)
2.2 (0.9 to 3.5)

81.3 (77.7 to 84.9)
15.1 (1.8 to 18.3)
75.4 (71.1 0 79.7)
61.9 (56.2 to 67.6)
30.5 (26.6 to 34.4)
17.1 (145 t0 19.7)
7.0 (3.9 to 10.2)
8.1 (4.9 t0 11.4)
2.0 (0.7 t0 3.2)
2.0 (0.1 to 3.8)
0.1 (0.0 t0 0.3)
0.1 (0.0 to 0.3)

69.0 (63.4 to 74.5)

37.7 (33.2 to0 42.3)
23.5 (19.3 to 27.8)
295 (25.2 to 33.7)
22,5 (19.0 to 26.1)
7.0 (4.7 t0 9.3)
6.1 (3.7 to 8.5)
19.4 (15.5 to 23.2)
15.1 (11.3 to 18.9)
17.9 (14.4 to 21.4)
3.9 (2.3 10 5.6)

1.6 (0.5 t0 2.7)
0.3 (0.0t0 0.7)

83.7 (76.9 to 90.5)
16.2 (9.7 to 22.6)
80.8 (73.5 to 88.1)
68.1 (55.9 to 80.4)
43.6 (34.1 t0 53.1)
14.1 (5.6 to 22.6)
4.4(11107.8)
9.3 (4.5 to 14.1)
0.3 (0.0 t0 1.1)
2.7 (0.0 to 8.1)
0.4 (0.0 t0 1.1)
0.0 (0.0 t0 0.0)

63.4 (53.1 to 73.8)

42.9 (34.0 to 51.8)
15.4 (9.3 to 21.5)
21.6 (12.8 to 30.5)
18.3 (10.8 to 25.9)
2.8 (0.0 to 5.9)
1.0 (0.0 to 3.0)
11.1 (5.3 to 16.9)
12.6 (6.9 to 18.2)
9.8 (3.5 to 16.0)
2.1 (0.0t0 4.2)

2.1(0.0t0 4.2)
0.6 (0.0t0 1.7)

89.3 (83.3 to 95.3)
27.5 (17.3 to0 37.7)
76.9 (69.1 to 84.7)
55.2 (44.2 to 66.1)
42.2 (35.3 t0 49.2)
192ua4m24m
5(1.41t013.7)
6 (2.2 t0 9.0)
6 (1.8 t0 5.5)
8 (0.0 to 4.5)
5 (0.0 to 10.0)
4 (0.0 to 3.8)

90.2 (86.2 to 94.1)

50.9 (42.2 to 59.7)
45.0 (35.3 to 54.6)
42.1 (32.4 10 51.8)
24.0 (15.8 to 32.2)
21 4 (14.9 10 27.9)

5(0.3106.7)
25 3 (16.0 to 34.5)
37.2 (29.5 to 44.9)
25 7 (15.7 to 35.7)
6 (4.0 to 13.2)

3.4 (0.0 t0 6.8)
8.0 (0.0 to 18.4)

84.4 (78.9 to 89.8)
24.9 (14.9 to 35.0)
71.9 (625 to 81.3)
40.3 (33.6 to 47.0)
36.2 (27.0 to 45.3)
17.4 (8.5 10 26.2)
6.4 (2.6 t0 10.2)
6.2 (2.1 t0 10.4)
2.1 (0.0 to 5.3)
1.7 (0.0 to 4.8)
0.8 (0.0 to 2.5)
0.0 (0.0 t0 0.0)

89.5 (82.5 to 96.5)

40.3 (30.5 to 50.1)
40.7 (31.0 to 50.5)
49.8 (38.7 o 60.9)
27.2 (19.1 10 35.2)
26.7 (18.6 to 34.9)
3.3 (0.7 10 5.9)
31.2 (22.1 to 40.3)
23.9 (15.8 to 32.1)
16.4 (10.1 to 22.6)
8.5 (3.1 to 14.0)

6.1 (1.1 t0 11.0)
2.9 (0.7 to 5.0)

83.7 (74.2 0 93.3)
22.4 (10.1 to 34.8)
71.5 (58.1 to 84.9)
29.0 (21.3 to 36.7)
52.9 (40.0 to 65.8)
19.7 (9.5 to 30.0)
11 5 (3.5t0 19.5)
1(0.0to 11.3)
3(1.0t01.6)
0 (0.0 to 0.0)
9 (0.0 t0 2.8)
0(0.0t0 0.0)

96.0 (91.9 to 100.0)

45.6 (29.0 to 62.2)
55.0 (42.2 to 67.9)
72.0 (61.2 to 82.8)
34.9 (27.5 to 42.4)
38.9 (25.8 to 51.9)
13.8 (6.2 to0 21.3)

32.6 (18.8 to 46.3)
27.2 (16.6 to 37.8)
20.8 (7.3 to 34.3)

13.5 (6.0 to 20.9)

6.7 (0.0 to 13.5)
7.3 (0.5 to 14.1)

93.6 (81.0 to 100.0)
38.2 (19.9 to 56.4)
69.1 (51.6 to 86.7)
3.5 (0.0 to 7.0)
55.6 (38.7 to 72.6)
9.9 (0.0 to 26.2)
22.9 (0.5 to 45.3)
0.0 (0.0 to 0.0)
4.6 (0.0 to 14.8)
0.0 (0.0 to 0.0)
6.2 (0.0 to 19.9)
0.0 (0.0 to 0.0)

100.0 (100.0 to 100.0)

28.3 (15.8 t0 40.7)
75.9 (60.4 to 91.5)
76.1 (56.7 to 95.5)
33.4 (10.1 to 56.8)
53.5 (39.8 t0 67.3)
8.4 (0.0 to 21.0)
35.4 (18.5 o0 52.2)
32.6 (17.2 to 48.0)
13.8 (6.0 to 21.7)
16.9 (0.0 to 39.5)

2.3 (0.0 to 4.5)
6.2 (0.0 to 14.2)

76.6 (46.6 to 100.0)
62.8 (28.5 t0 97.1)
43.7 (0.0 to 100.0)
3.0 (0.0 to 6.9)
14.9 (0.0 to 33.8)
25.7 (0.0 to 100.0)
7.1 (0.0 to 16.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

96.8 (92.7 to 100.0)

41.1 (0.0 to 100.0)
82.2 (59.8 to 100.0)
33.9 (3.8 to 64.0)
0.0 (0.0 to 0.0)
33.9 (3.8 to 64.0)
8.6 (0.0 to 19.5)
16.1 (0.0 to 36.4)
56.7 (0.0 to 100.0)
5.5 (0.0 to 12.4)
6.0 (0.0 to 13.6)

21.2 (0.0 to 54.0)
23.4 (0.0 to 53.1)

0.0686
0.0078
0.3802
<0.0001
0.0013
0.9908
0.2315
0.1689
0.9808
N/A
0.2977
N/A

<0.0001

0.0769
<0.0001
<0.0001
0.1733
<0.0001
0.0079
0.0513
0.0001
0.9999
0.0319

0.0405
0.0100

Note: Medication use was analyzed using NHANES prescription survey data, not including self-reported use. Prescription data were not yet released in NHANES 2011-2012 survey cycle;

therefore, only data from NHANES 2007-2008 and 2009—2010 survey cycles were used.

*Wald x2 tests were used to compare medication use between patients with no CKD, mild-to-moderate CKD, and moderate CKD to kidney failure. p Value cannot be calculated if any of the table

cell contains 0 expected frequency.

ARBs, angiotensin |l receptor blockers; CKD, chronic kidney disease; CKD-EPI, the Chronic Kidney Disease Epidemiology Collaboration equation; DPP-4, dipeptidyl peptidase-4 inhibitor;
eGFR, estimated glomerular filtration rate; T2DM, type 2 diabetes mellitus.
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CKD vs. No CKD
(N = 811 vs. 1,051)

Factors

Moderate CKD to Kidney Failure
vs. Mild to Moderate CKD
(N=178 vs. 633)

1.58 1.31
Per 10 years older in age o @& o o @ o
0.77 2.26
Female (vs. Male) o@ o ° K3 °
+:33 1.05
NH Black (vs. NH White) o @ o o @ o
185 0.75
Mexican-American (vs. NH White) . ® o e @® o
0.91 0.99
Other Hispanic (vs. NH White) o @ o e @ o
131 0.80
OtherRace (vs. NH White) o @ ° ° ¢ °
112 0.72
Active Smoker (vs. Never Smoker) . 4 ° oo o
1.06 0.87
Former Smoker (vs. Never Smoker) & o @ o
178 2.68
Hypertension @ ° ° *
1.69 2.64
Retinopathy o & ° 3 ® °
1.84 135
Stroke ° L S o @ o
1.05 275
Coronary heart disease o @ o .. & — )
2.41 2.21
Congestive heart failure e & e e @ °
1.18 0.92
Per 1% increase in HbAlc oo oo
122 1.02
Per 10 mmHg increase in SBP o E 3
0.89 0.95
Per 10 mmHg increase in DBP (2 2 B
114 1.03
Per5 points increase in BMI B N o _
0 1 2 3 4 5 0 1 2 3 4 5 6 7 8

Odds Ratio and 95% Confidence Interval

BMI: body mass index; NH: non-Hispanic; SBP: systolic blood pressure; DBP: diastolic blood pressure
The model also controlled for diabetes duration, education level, income to poverty ratio, insurance type, and survey cycle, which were insignificantly associated
with both CKD prevalence and severity. The odds ratio represents the odds that an outcome will occur given a particular exposure, compared to the odds of the

outcome occurring in the absence of that exposure.

Figure 1

and payers who have to allocate resources to manage
the T2DM population, and support ongoing efforts to
reduce the prevalence of CKD.

In a study that used NHANES data before 2008, no sig-
nificant differences in the prevalence of CKD among
whites (34.6-38.2%), blacks (33.5-37.5%), and Mexican-
Americans (30.2-32.7%) were reported.* However, our
study found that CKD was more prevalent among blacks
(48.8%) and Mexican-Americans (43.5%) compared
with whites (38.7%) from 2007 to 2012. It was note-
worthy that 73.6% of CKD cases in Mexican-Americans
with T2DM and 47.4% of CKD cases in blacks with
T2DM were at stages 1 and 2. ESRD was two to three
times more prevalent among blacks compared with
other races and ethnicities. This is consistent with a
study by Burrows et al'® that reported incidence of ESRD
in diabetes among blacks as four times higher than in
whites, and two times higher than that in Hispanics.
These results are important to understand in the
context of the changing ethnic and racial makeup of the
USA, especially as the Mexican-American population
continues to grow.”” Culturally competent healthcare

Potential factors associated with the presence and severity of CKD in T2DM.

solutions are required to address this issue from the indi-
vidual patients’ perspective and a population basis. In
addition, ample evidence suggests that racial and ethnic
minorities, especially blacks and Mexican-Americans,
have poorer access to quality healthcare than whites in
the USA.***7 These findings highlight the significant
need to improve access to healthcare services for
Mexican-Americans and blacks so that aggressively com-
bining early detection strategies with delivery of evidence-
based therapeutic interventions at early stages can help
prevent CKD progression. However, caution must be used
in the overall interpretation of the results stratified by
race due to some small sample sizes, especially in CKD
stages 3b-5. De Boer et al' examined three NHANES
datasets and found that the elderly (>65years) had a
prevalence of diabetic nephropathy, defined as urinary
albumin:creatinine ratio (UACR)>30 mg/g and eGFR
<60 mL/min/1.73 m?, roughly double that of adults aged
20 to <65 years (49.5-51.2% vs 24.6-28.0%). Our results are
consistent with these findings, as we observed 58.7% of indi-
viduals with T2DM >65 years and 25.7% of those <65 years
had CKD. This demonstrates the need for future research
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focusing on the management of this high-risk T2DM popu-
lation given that oral antidiabetes treatment options
become increasingly limited with reducing renal function.

Although CKD is less common in the younger T2DM
population, it should be noted that one in four indivi-
duals with T2DM younger than 65 years has CKD. That
73.2% of CKD cases identified in this younger T2DM
population were at early stages highlights a substantial
opportunity for clinicians to employ aggressive early
detection strategies coupled with evidence-based therap-
ies for slowing the progression of CKD.

The prevalence of CKD in T2DM was similar for men
and women (40.0% vs 38.7%), which to our knowledge
has not been previously reported and a solid reminder
about the needs to screen and allocate resources equit-
ably among both sexes. This study also showed that
women with T2DM tended to have slightly higher preva-
lence of more severe CKD compared with men with
T2DM. This merits further study to examine whether
this is a reflection of survivor bias or represents a true
difference in the pathophysiology of CKD between
sexes.

Appropriate control of hyperglycemia and BP is essen-
tial to prevent the development and progression of CKD
in the T2DM population.”** The most commonly
recommended therapeutic target for glycemic control
during the study period was an HbA1C <7%, although
less stringent goals such as <8% based on various patient
and disease factors were also considered appropriate
during the later time period of the study.*’™ In this
study, we found 55.6% and 76.6% of the overall T2DM
population achieved HbA1C <7% and <8%, respectively,
and the rate of goal attainment was lower in CKD stages
1 and 2 compared with stages 3a—b5. Notably, this dispar-
ity in HbAlc levels and goal attainment <7% was most
appreciable between patients in stages 1 and 5. Given
that HbAlc tends to underestimate glycemic control
among individuals with diabetic hemodialysis, glycemic
control may be even better in severe stages of CKD than
what was seen in this study.** This may well reflect that
patients with T2DM with stage 5 CKD are more fre-
quently accessing specialist-driven healthcare and for
whom the importance of obtaining specific glycemic
control is greatly stressed. Patient factors associated with
stage 5 CKD such as decreased weight and appetite may
also play a role. In addition, the less aggressive nature of
the hyperglycemia treatment in patients with T2DM with
stage 1 CKD may reflect an opportunity for more aggres-
sive therapy earlier in the manifestation of CKD.

The suggested therapeutic goal for BP control was
<140/80 mm Hg as per the ADA guidelines.24 1 The
data showed that mean SBP was not well controlled in
later stages of CKD. In contrast, mean DBP was lower
than the 80 mm Hg target in all CKD stages. These data
highlight that there is an opportunity for improved BP
control in patients without CKD or in the early stages of
CKD. Attainment of BP control during this time is of
increased importance as these efforts become even

more difficult in the face of the pathophysiological
and biochemical changes associated with renal disease
progression.”* *1 4

To control hyperglycemia, antidiabetes medications
were widely used in this population. The prescribing
pattern for each antidiabetes medication class reflected
treatment guideline recommendations for individuals
with impaired renal function. For example, although
there are some uncertainties regarding its use across the
CKD spectrum,”® the use of metformin was significantly
limited with increasing CKD severity, as metformin is
contraindicated in patients with severe CKD (stage 4) or
kidney failure (stage 5).*” The use of insulin increased
sharply in severe CKD stages, consistent with the fact
that the use of insulin is not restricted by renal function
status and insulin may be titrated upward in efforts to
attain glycemic goals.48 * The use of SUs increased in
later CKD stages (3b and 4), probably reflective of
limited restrictions in light of worsening renal function
on use of the most common agents in the class (glime-
piride and glipizide) except for glyburide.”’ SU use
plummeted in CKD stage 5 which may reflect concerns
regarding hypoglycemia in the presence of renal failure.
These descriptive patterns suggest likely benefits of
insulin therapy in this cohort of patients with T2DM and
CKD, as those with stage 5 CKD had high insulin use
and attained HbAlc below 7%. In view of the low rates
of HbAlc target achievement in stages 1 and 2 CKD,
consideration of different pharmacotherapeutic strat-
egies incorporating additional antidiabetes medications
in earlier stages of CKD may be warranted.

To manage their BP, antihypertensive medications
were used extensively in this population, especially in
those with moderate-to-severe renal function impair-
ment. While concerns regarding hyperkalemia and
other adverse effects may be observed more frequently
in a CKD population as renal function worsens, the data
for this diabetic cohort showed a consistent level of
RAAS inhibitor (including ACE inhibitors and ARBs)
use throughout, even in patients without CKD and with
mild-to-moderate CKD. This usage pattern is consistent
with NKF KDOQI guidelines, which indicate the ACE
inhibitors and ARBs effectively slow the progression of
kidney disease among hypertensive individuals who have
T2DM.”' However, it is important to note that fewer
than two-thirds (62%) of this T2DM cohort were taking
some form of RAAS inhibitor, even though the benefits
of RAAS inhibition are widely recognized in this popula-
tion.”® B-Blocker use increased in individuals with stages
4 and 5 CKD, paralleling the rising prevalence of CAD
and MI in patients with later-stage CKD. Use of thiazide
diuretics was more prevalent than other diuretic agents
among individuals with mild-to-moderate CKD, while it
was replaced by loop diuretics among those with moder-
ate CKD to kidney failure, consistent with guideline
recommendations.”’

The two multivariable logistic regression models ex-
amined the magnitude of associations between CKD

BMJ Open Diabetes Research and Care 2016;4:6000154. doi:10.1136/bmjdrc-2015-000154



presence and severity in individuals with T2DM and
potential demographic and clinical factors. These find-
ings support previous research identifying the potential
demographic and clinical factors of CKD in the T2DM
population, and importantly demonstrate that the pres-
ence and the severity of CKD are associated with
different factors. Advanced age, black race, having
hypertension, stroke, higher HbAlc, and higher SBP are
factors for having CKD versus not having CKD but not
factors of having more severe CKD in the subset of those
who had CKD; on the other hand, female sex and the
presence of retinopathy and CHD are factors associated
with more severe CKD. These data may contribute to
improved disease management by targeting corresponding
associated factors based on whether the intervention goal
is to reduce CKD incidence or slow CKD progression.

Strengths of this study include the use of nationally
representative data that allowed us to reliably estimate
disease prevalence. Additionally, the data included stan-
dardized laboratory tests, comprehensive data collection
from respondents, and individual respondent response
assessments. By drawing from the three most recent
cycles of the NHANES data, this study had an adequate
sample size to generate precise population estimates.
Prescription and laboratory test data in NHANES also
allowed us to assess prescription use patterns and labora-
tory values in populations of interest.

The cross-sectional nature of the data limited our ability
to capture CKD progression within individuals, which
impacts the interpretation of the factors associated with
CKD and severity of CKD. NHANES data do not dif-
ferentiate TIDM and T2DM directly; thus, a proxy
algorithm based on age at diagnosis, the medication
questionnaire, and the physical medication assessment
was used. However, the physical medication assessment
information was not available for 2011 and 2012, thus
limiting our sample size in these analyses. In addition,
NHANES prescription data only contain drug informa-
tion at the class level; thus, treatment-level information,
such as dosing, was not available. Family history of CKD
is not captured in the NHANES data; thus, it was not
possible to examine the strength of its association with
the presence and severity of CKD in T2DM in this study.
Last, these results may only be generalized to non-
institutionalized individuals.

In this nationally representative population, our findings
highlight that CKD, primarily early stages, is prevalent
among individuals with T2DM, and more so in blacks
and Mexican-Americans, for whom interventions may be
targeted to slow and/or prevent the progression of
kidney function disease. The prevalence of CKD has
remained fairly consistent over time, suggesting that
current efforts to prevent CKD could be improved on

overall, and that the aforementioned populations may
warrant even closer targeting for intervention. Individuals
not generally screened for CKD, such as younger indivi-
duals with T2DM, may also warrant attention. In addition,
the results demonstrate that a more limited set of antidia-
betes medications were used in later CKD stages and that
glycemic control was suboptimal in early-stage CKD,
which may lead to consideration of more aggressive treat-
ment when renal function is better preserved and more
therapeutic options are available. Finally, this study found
that the presence and the severity of CKD were associated
with different demographic and clinical factors.
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