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Abstract

Background: For chronic kidney disease (CKD) patients, national treatment guidelines recommend a low-density
lipoprotein cholesterol (LDL-C) goal <100 mg/dL and blood pressure (BP) target <130/80 mmHag. This analysis
assessed the current status of cardiovascular (CV) risk factor treatment and control in US adults with CKD.

Methods: Weighted prevalence estimates of CV-related comorbidities, utilization of lipid- and BP-lowering agents,
and LDL-C and BP goal attainment in US adults with CKD were assessed among 9,915 men and nonpregnant
women aged 220 years identified from the fasting subsample of the 2001-2010 National Health and Nutritional
Examination Survey (NHANES). Analyses were performed using SAS survey procedures that consider the complex,
multistage, probability sampling design of NHANES. All estimates were standardized to the 2008 US adult
population (220 years). Data were stratified by CKD stage based on presence of albuminuria and estimated
glomerular filtration rate (eGFR), calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation. Stage 3 CKD was subdivided into 3a (eGFR 45-59 mL/min/1.73 m?) and 3b (eGFR 30-44 mL/min/1.73 m?);
Stage 5 CKD and dialysis recipients were excluded.

Results: Of the 9,915 NHANES participants identified for analysis, 1,428 had CKD (Stage 1-4), corresponding to a
prevalence estimate for US adults aged =20 years of 10.2%. Prevalence of CV-related comorbidities increased
markedly with CKD stage, with a ~6-12-fold increase in cardiovascular disease, coronary heart disease (CHD), stroke
and congestive heart failure between CKD Stage 1 and 4; prevalence of diabetes, hyperlipidemia and hypertension
increased by ~1.2-1.6-fold. Use of lipid-lowering agents increased with CKD stage, from 18.1% (Stage 1) to 44.8%
(Stage 4). LDL-C goal attainment increased from 35.8% (Stage 1) to 52.8% (Stage 3b), but decreased in Stage 4
(50.7%). BP goal attainment decreased between Stage 1 and 4 (from 49.5% to 30.2%), despite increased use of
antihypertensives (from 30.2% to 78.9%).

Conclusions: Individuals with CKD have a high prevalence of CV-related comorbidities. However, attainment of
LDL-C or BP goals was low regardless of disease stage. These findings highlight the potential for intensive risk factor
modification to maximize CV event reduction in CKD patients at high risk for CHD.
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Background

Chronic kidney disease (CKD) is stratified into 5 distinct
stages (Stage 1-5) based on the presence of persistent
kidney damage and/or decreased glomerular filtration
rate (GFR) [1,2], and affects an estimated 26 million
adults in the United States [3]. It is well documented
that individuals with CKD are at very high risk of cardio-
vascular (CV) morbidity and mortality [1,4-6]. This in-
creased risk is highlighted by the observation that CKD
patients are more likely to die of cardiovascular disease
(CVD) than progress to end-stage renal disease (ESRD)
[7-9]. Hence, CKD is considered a coronary heart dis-
ease (CHD) risk equivalent [1,5,10].

Traditional risk factors such as dyslipidemia and
hypertension are major determinants of CVD in those
with CKD [4,11,12]. Both are prevalent among patients
with Stage 1-4 CKD [13,14]: depending on the patient
population, up to 85% have a low-density lipoprotein
cholesterol (LDL-C) >130 mg/dL and up to 95% have a
blood pressure (BP) >140/90 mmHg. Post-hoc analyses
of CV outcomes trials have indicated that pharmaco-
logical treatment of dyslipidemia and hypertension re-
duces the risk of CV events in patients with CKD
[15-20]. While the renoprotective effects of antihyper-
tensive therapy in CKD are well-documented [12], re-
cent data suggest that the pleiotropic effects of statins
may also include the preservation of renal function
[17,21-23]. As such, aggressive control of such modifi-
able CV risk factors is particularly important in this
high-risk population.

Current national treatment guidelines for patients with
CKD recommend an LDL-C goal of <100 mg/dL and a
BP goal of <130/80 mmHg [11,12]. With respect to
lipid-lowering therapy, treatment recommendations ad-
vocate the use of statins in addition to lifestyle modifica-
tion to improve lipid profiles. Using National Health and
Nutritional Examination Survey (NHANES) data cover-
ing the period from 2001 to 2010, this analysis assessed
(1) the prevalence of CV-related comorbidities and CV
risk factors, (2) the utilization of lipid-lowering and
BP-lowering agents, and (3) rates of LDL-C or BP goal
attainment in US adults stratified by CKD stage. A time-
trend analysis of lipid and BP treatment and control in
US adults with CKD was also conducted to assess linear
trends in CV risk factor management over the five 2-year
NHANES study cycles between 2001 and 2010.

Methods

Study design

NHANES is conducted by the National Center of Health
Statistics, Centers for Disease Control and Prevention,
as a cross-sectional, stratified, multistage probability
sample survey of the US civilian, noninstitutionalized
population [24,25]. NHANES data are derived from
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direct interviews regarding medical history, medication
use and diet, as well as clinical examinations performed
at mobile examination centers (including BP measure-
ments) and laboratory tests (including blood and urine
biochemistries).

From 1999, NHANES became a continuous survey,
with no break between study cycles, and data are re-
leased in 2-year increments; this analysis used pooled
data from the 5 most recent study cycles: 2001-2002,
2003-2004, 2005-2006, 2007-2008 and 2009-2010.
Data from the 2001-2002 study cycle were included in
this analysis to enable the assessment of linear trends in
CV risk factor treatment and control before and after
the release of current lipid and BP treatment guidelines
for patients with CKD in 2003 and 2004, respectively
[11,12]. NHANES 2001-2010 received approval from
the National Center for Health Statistics research ethics
review board, and written informed consent was ob-
tained from all NHANES participants [24].

Sample population

From the total 2001-2010 NHANES population of
52,195 participants, after excluding participants <20
years of age (n=24,611), participants that did not attend
the mobile examination center (n=1,276), participants
without fasting laboratory measurements (15,162), preg-
nant women (n=407), participants with missing lipid or
BP data (n=788) and participants with Stage 5 CKD
(n=36), a sample population of 9,915 participants was
identified for analysis. This analysis was restricted to the
fasting subsample of NHANES to enable the identifica-
tion of participants with diabetes and hyperlipidemia,
the definitions of which require valid fasting plasma glu-
cose and LDL-C levels, respectively (described in further
detail below). NHANES participants are randomly selected
for inclusion in the fasting subsample and instructed to
fast for 8 to <24 hours prior to blood specimens being
taken for laboratory testing [25].

Data were stratified by CKD stage, categorized ac-
cording to the presence of kidney damage (based on al-
buminuria) and level of decline in kidney function
(based on estimated glomerular filtration rate [eGFR]).
Albuminuria was defined as a urinary albumin—creatin-
ine ratio of >30 mg/g. eGFR was calculated from serum
creatinine concentration using the Chronic Kidney Dis-
ease Epidemiology Collaboration (CKD-EPI) equation
[26]: eGFR = 141 x min(SCr/k, 1)* x max(SCr/x, 1)7*2% x
0.993%¢° x 1,018 if female x 1.159 if black, where SCr is
serum creatinine, « is 0.7 for females and 0.9 for males,
is —0.329 for females and -0.411 for males, min indicates
the minimum of SCr/x or 1, and max indicates the max-
imum of SCr/x or 1. CKD staging used a modification of
National Kidney Foundation (NKF) criteria [1]: Stage 1, al-
buminuria with an eGFR 290 mL/min/1.73 m? Stage 2,
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albuminuria with an eGFR 60—-89 mL/min/1.73 m% Stage
3 was subdivided into Stage 3a, an eGFR 45-59 mL/min/
1.73m? and Stage 3b, an eGFR 30-44 mL/min/1.73 m?
and Stage 4, an eGFR 15-29 mL/min/1.73 m? Individuals
with Stage 5 CKD (<15 mL/min/1.73 m?) and those on
dialysis were not included in the study due to the likeli-
hood of confounding from the small number of individuals
within these groups.

Data collection and laboratory measurements
All disease history and drug utilization was self-reported
based on the NHANES questionnaire. CVD was a com-
posite of self-reported CHD, stroke or congestive heart
failure. CHD was identified by self-report of CHD, angina
or myocardial infarction (MI). Presence of diagnosed or
undiagnosed diabetes was identified by self-report of dia-
betes, self-reported use of insulin or oral medications for
diabetes, or a fasting plasma glucose 2126 mg/dL. Hyper-
lipidemia was defined as fasting levels of LDL-C above the
specific goal for each CHD risk category designated in the
National Cholesterol Education Program Adult Treatment
Panel III (NCEP ATP III) guidelines [27] (LDL-C le-
vel 2160 mg/dL for individuals with <1 CHD risk fac-
tor, 2130 mg/dL for individuals with >2 CHD risk factors,
and 2100 mg/dL for individuals with a history of CHD or
CHD risk equivalents), or self-reported use of lipid-
lowering agents (including statins, fibric acid derivatives,
bile acid sequestrants, cholesterol absorption inhibitors and
other antihyperlipidemic agents). CHD risk factors included
cigarette smoking, hypertension (BP >140/90 mmHg or on
antihypertensive medication), low levels of high-density
lipoprotein cholesterol (HDL-C; <40 mg/dL), family his-
tory of premature CHD (male first-degree relative <55
years; female first-degree relative <65 years), and older age
(men 245 years; women =55 years). CHD risk equivalents
included diabetes and 2 or more risk factors conferring a
10-year risk for CHD >20%; information on non-coronary
forms of atherosclerotic disease (peripheral arterial dis-
ease, abdominal aortic aneurysm, and symptomatic carotid
artery disease; also considered CHD risk equivalents) was
not available in NHANES. BP measurements in NHANES
were performed 3-4 times manually with a mercury
sphygmomanometer according to a standard protocol
[25]. The first reading was excluded and the remaining
readings were used to compute average BP. Hypertension
was defined as an average BP >130 mmHg systolic or >80
mmHg diastolic, or self-reported use of antihypertensive
agents (including -blockers, calcium channel blockers, di-
uretics, angiotensin-converting enzyme inhibitors, angio-
tensin receptor blockers and other BP-lowering agents).
Methods for quantifying measures of kidney damage
and kidney function have been described elsewhere [25].
Briefly, urinary albumin was measured using a solid-
phase fluorescent immunoassay. Urinary creatinine was
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measured by one of two methods: a Jaffé rate (kinetic al-
kaline picrate) method (prior to 2007) and an enzymatic
(creatinase) method (from 2007 on). Serum creatinine
was measured using the Jaffé rate method. Methods for
determining blood lipid levels in NHANES have been
described previously [25]. Briefly, total cholesterol was
measured enzymatically on the basis of hydrogen perox-
ide generation. In 2001-2002, high-density lipoprotein
cholesterol (HDL-C) was measured using two methods,
heparin—manganese precipitation and a direct immuno-
assay, depending on the participant age and amount of
specimen. From 2003, all HDL-C measurements used
the direct immunoassay method. Triglyceride levels
were measured after hydrolysis to glycerol. LDL-C
levels were calculated from measured values of total
cholesterol, triglycerides (<400 mg/dL) and HDL-C
according to the Friedewald calculation [25]. Plasma
glucose was measured using a modified hexokinase en-
zymatic method [25].

Definition of treatment goals

Participants were classified as meeting current recom-
mendations on LDL-C or BP treatment goals for pa-
tients with CKD [11,12] if their fasting LDL-C level was
<100 mg/dL or their BP was <130/80 mmHg. A sensitiv-
ity analysis to investigate the effect of increasing the
threshold for BP goal attainment to <140/90 mmHg was
also performed. In participants with CKD and concomi-
tant CVD, or CKD and concomitant diabetes, attain-
ment of the optional LDL-C goal of <70 mg/dL [28-30]
was also examined.

Statistical methods

Statistical analyses were performed using survey analysis
procedures available in SAS software version 9.22 (SAS
Institute Inc., Cary, North Carolina) that take into ac-
count the complex sampling scheme of NHANES, and
used sampling weights to account for differential prob-
abilities of sample selection and non-response. The
fasting sampling weights of the 9,915 participants in-
cluded in the analysis were adjusted to the July 2008 US
census population >20 years of age (n=221,419,638).
Each 2-year fasting sample weight within an NHANES
2-year study cycle was multiplied by the 2008 US census
count and divided by the 2-year weighted total sample
count from the analysis data set of persons in the 2-year
study cycle. The population sizes for each study cycle
were 180,717,445 for 2001-2002; 184,340,382 for 2003—
2004; 190,068,016 for 2005—-2006; 201,486,048 for 2007—
2008; and 203,258,815 for 2009-2010. For example, the
fasting sampling weight for each study participant from
2001-2002 was multiplied by 221,419,638/180,717,445;
the fasting sampling weight for each study partici-
pant from 2003-2004 was multiplied by 221,419,638/
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184,340,382; and so on for all 5 study periods. Demo-
graphic and clinical characteristics of the 2001-2010
NHANES participants with and without CKD were cal-
culated using SURVEYFREQ. Rao-Scott chi-square P
values for categorical variables were obtained using
SURVEYFREQ. Between-cohort P values for continuous
variables were obtained using SURVEYREG. Each con-
tinuous outcome was regressed on the indicator variable
CKD=1 or No CKD=0, and a contrast statement was
used to generate the between-cohort P value. Estimated
population prevalences were calculated using SURVEYFREQ
and stratified by CKD stage. P values for Stage 1 versus
Stage 4 CKD were obtained using SURVEYLOGISTIC.
Each outcome was regressed on the 5-level class variable
CKD stage (Stage 1, 2, 3a, 3b or 4), and a contrast state-
ment was used to generate the Stage 1 versus Stage 4 P
value. Linear trends for utilization of lipid- and BP-
lowering agents, and rates of LDL-C or BP goal attain-
ment, over the five 2-year survey cycles were also assessed
using SURVEYLOGISTIC, including time as a continuous
variable. Statistical tests were 2-sided and a P-value <0.05
was considered statistically significant.

Results

Prevalence of CKD

Of the 9,915 NHANES participants identified from the
2001-2010 survey period, 1,428 had CKD (Stage 1-4),
corresponding to a prevalence estimate for US adults
aged >20 years of 10.2%. Among those persons with
CKD, around half (49.1%; n=746) had Stage 3 CKD,
comprising of 36.5% (n=545) with Stage 3a and 12.5%
(n=201) with Stage 3b CKD; 3.7% (n=60) had Stage 4
CKD.

Characteristics of persons with and without CKD

The demographic and clinical characteristics of the US
adult population with CKD (Stage 1-4), based on
NHANES participants from the 2001-2010 survey period,
are shown in Table 1. Those with CKD (mean + standard
error [SE] eGFR: 68.4 + 1.0 mL/min/1.73 m?) were older;
were more likely to be female and of non-Hispanic white
origin; had a higher body mass index; had higher systolic
but lower diastolic BP; had higher triglyceride but lower
LDL-C levels; and were more likely to be taking medica-
tion for diabetes when compared with persons without
CKD (mean + SE eGFR: 97.9 + 0.4 mL/min/1.73m’. A
comparison of the demographic and clinical characteris-
tics of the US adult population with CKD stratified by
LDL-C and BP goal attainment status is provided in
Additional file 1: Table S1. Those at LDL-C goal had a
lower eGFR; had lower BP and lipid levels; had higher
levels of medication use; and were more likely to have a
history of CVD and diabetes but less likely to have hyper-
lipidemia compared with those not at LDL-C goal. Similar
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Table 1 Population characteristics of US adults >20 years
of age with and without CKD stage 1-4* based on
NHANES 2001-2010 survey participants

With CKD Without CKD Pt

Characteristic

(n=1,428) (n=8,487)
Age at screening (years) 64.2 (0.7) 445 (0.3) <0.001
Male (%) 41.7 (1.5) 495 (0.5) <0.001
Race/ethnicity (%) 0.001
Non-Hispanic white 754 (2.1) 712 (14)
Non-Hispanic black 116 (1.1) 10.7 (0.8)
Mexican American 5.7 (0.9) 8.0 (0.7)
Other 73 (1.4) 10.1 (0.8)
eGFR (mL/min/1.73 m? 684 (1.0) 97.9 (04) <0.001
Body mass index (kg/mz) 29.7 (0.3) 282 (0.1) <0.001
(n=1,372) (n=8,398)
Blood pressure (mmHg)
Systolic 1332 (0.8) 1194 (0.2) <0.001
Diastolic 67.5 (0.6) 70.2 (0.2) <0.001
Lipids (mg/dL)
Total cholesterol 1943 (14) 1964 (0.6) 0.1
LDL-C 1114 (1.0) 1176 (0.5) <0.001
HDL-C 54.4(0.5) 54.0 (0.2) 0.6
Triglycerides 1426 (2.4) 1242 (1.0) <0.001
Antidiabetic medication use (%)+§  21.0 (14) 48(0.2) <0.001

Values are weighted estimates presented as percent (standard error) or mean
(standard error). Estimates were standardized to the July 2008 US census
population >20 years of age. Conversion factors for units: eGFR in mL/min/1.73 m?
to mL/s/1.73 m?, x0.01667; total cholesterol, LDL-C and HDL-C in mg/dL to mmol/
L, X0.02586; triglycerides in mg/dL to mmol/L, x0.01129; glucose in mg/dL to
mmol/L, x0.05551.

*CKD Stage 1-4 was identified by the presence of kidney damage (based on
albuminuria) and level of decline in kidney function (based on eGFR), and
staged using modified National Kidney Foundation criteria (see Methods).

tP values are for with versus without CKD; P value for race/ethnicity compares
the distribution of race/ethnicity categories. Rao-Scott chi-square P values for
categorical variables were obtained using the SAS procedure SURVEYFREQ;
between-cohort P values for continuous variables were obtained using the SAS
procedure SURVEYREG (see Methods).

$All drug utilization was self-reported.

§Any antidiabetic agents including insulin and oral medications for diabetes.

results were obtained for the BP goal and dual goal (LDL-
C and BP) cohorts, with the exception that those at BP
goal were younger and had a higher eGFR but lower body
mass index compared with those not at BP goal.

Prevalence of CV-related comorbidities and CV risk
factors in persons with CKD

Overall, the prevalence of CV-related comorbidities and
CV risk factors was higher in persons with versus those
without CKD (all P<0.001; Table 2). The prevalence of
CV-related comorbidities in persons with CKD was high:
19.6% had CHD; 10.3% stroke; and 9.7% congestive heart
failure (CHF). CVD—a composite of CHD, stroke or
CHF—was prevalent in 28.4% of those with CKD. The
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Table 2 Prevalence of CV-related comorbidities and CV Risk Factors by CKD Stage in US adults >20 years of age with

CKD Stage 1-4* based on 2001-2010 NHANES participants

Variable No CKD All CKD CKD Stage: Pt
(n=8,487) (n=1,428) 2 3a 3b 4
(n=285) (n=337) (n=545) (n=201) (n=60)
Cardiovascular disease history (%)%
Cardiovascular disease§ 6.0 (0.3) 284 (1.6) 9.0 (2.2) 31.2(33) 30.2 (24) 494 (4.5) 51.0 (6.5) <0.001
Coronary heart disease | 43 (0.3) 196 (1.3) 6.0 (1.9) 220 (2.8) 210 (2.1) 328 (4.5) 36.5 (5.7) <0.001
Stroke 19 (0.2 10.3 (1.1) 2.5(08) 8.8 (1.8) 10.2 (14) 22.5(43) 303 (7.1) <0.001
Congestive heart failure 1.2 (0.1) 9.7 (0.9 32(1.0) 78 (1.8) 72(1.0) 27.7 (34) 278 (4.9) <0.001
Cardiovascular risk factors (%)+
Diabetes 8.1 (04) 315 (1.5) 36.0 (3.6) 324 (3.2) 244 (2.5) 383 (4.2) 44.7 (6.8) 03
Hyperlipidemia# 31.0 (06) 539 (1.5) 455 (3.3) 538 (3.1) 55.1 (26) 634 (4.5) 67.8 (5.5 <0.001
Hypertension** 37.7 (0.8) 76.1 (1.5) 582 (3.9) 752 (3.6) 834 (23) 853 (24) 94.2 (2.7) <0.001

Values are weighted estimates presented as percent (standard error). Estimates were standardized to the July 2008 US census population >20 years of age.
*CKD Stage 1-4 was identified by the presence of kidney damage (based on albuminuria) and level of decline in kidney function (based on eGFR), and staged

using modified National Kidney Foundation criteria (see Methods).

1P values are for Stage 1 versus Stage 4 CKD, obtained using the SAS procedure SURVEYLOGISTIC; P values for No CKD versus All CKD are all <0.001, obtained

using the SAS procedure SURVEYFREQ (see Methods).
$All disease history and drug utilization was self-reported.
§Cardiovascular disease was a composite of self-reported CHD, stroke or CHF.

|| Coronary heart disease was identified by self-report of CHD, angina or myocardial infarction.

fDiabetes was identified by self-report, self-reported use of insulin or oral medications for diabetes, or fasting glucose >126 mg/dL.

#Hyperlipidemia was defined as LDL-C >160 mg/dL for individuals with <1 CHD risk factor, >130 mg/dL for individuals with >2 CHD risk factors, >100 mg/dL for
individuals with CHD or CHD risk equivalents (eg, diabetes), or self-reported use of lipid-lowering agents.

**Hypertension was defined as an average BP >130 mmHg systolic or >80 mmHg diastolic, or self-reported use of antihypertensive agents.

prevalence of CV risk factors in persons with CKD was
also high: 31.5% had diabetes; 53.9% hyperlipidemia; and
76.1% hypertension. Between CKD Stage 1 and 4, there
was a ~6-12-fold increase in the prevalence of CVD
(from 9.0% to 51.0%; P<0.001), CHD (from 6.0% to
36.5%; P<0.001), stroke (from 2.5% to 30.3%; P<0.001)
and CHF (from 3.2% to 27.8%; P<0.001) (Table 2). There
was a ~1.2-1.6-fold increase in the prevalence of dia-
betes (from 36.0% to 44.7%; P=0.3), hyperlipidemia (from
45.5% to 67.8%; P<0.001) and hypertension (from 58.2%
to 94.2%; P<0.001) between CKD Stage 1 and 4 (Table 2).
Of note was the marked increase in disease burden be-
tween CKD Stage 3a and 3b for CVD (P<0.001), CHD
(P=0.023), stroke (P=0.001), CHF (P<0.001) and diabetes
(P=0.003) (Table 2).

Lipid treatment and control in persons with CKD

Overall, the self-reported use of lipid-lowering agents
was higher in persons with versus those without CKD
(30.4% versus 11.8%; P<0.001; Table 3). The use of lipid-
lowering agents increased with the degree of renal im-
pairment, from 18.1% in those with CKD Stage 1 to
44.8% in those with CKD Stage 4 (P<0.001; Table 3).
The overall proportion of persons with CKD achieving
the LDL-C goal of <100 mg/dL was 40.0%. LDL-C goal
attainment generally increased with CKD stage, from
35.8% in those with CKD Stage 1 to 52.8% in those with

CKD Stage 3b, but decreased in those with CKD Stage 4
(to 50.7%; Table 3).

BP treatment and control in persons with CKD

Overall, the self-reported use of antihypertensive agents
was higher in persons with versus those without CKD
(54.4% versus 17.4%; P<0.001; Table 3). The use of BP-
lowering medications increased between CKD Stage 1
and 4, from 30.2% in those with CKD Stage 1 to 78.9%
in those with CKD Stage 4 (P<0.001; Table 3). However,
despite the increased utilization of antihypertensives, BP
goal attainment to <130/80 mmHg decreased between
CKD Stage 1 and 4 (49.5% in Stage 1; 30.2% in Stage 4;
P=0.019; Table 3). The overall proportion of persons
with CKD achieving the BP goal of <130/80 mmHg was
44.6%. A sensitivity analysis increasing the threshold for
BP goal attainment to <140/90 mmHg found this in-
creased the proportion of persons with CKD classified as
achieving BP goal by one-third, to 66.5%.

Time-trend analysis of lipid and BP treatment and control
rates in persons with CKD

During the NHANES period examined, there was a sig-
nificant increase in the self-reported use of lipid-
lowering agents by persons with CKD, from 19.5% in
2001-2002 to 38.9% in 2009-2010 (P<0.001; Figure 1A).
Over the same time frame, the proportion of the
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Table 3 Lipid and BP treatment and control rates by CKD stage in US adults >20 years of age with CKD Stage 1-4*

based on 2001-2010 NHANES participants

Variable No CKD All CKD CKD Stage: Pt
(n=8,487) (n=1,428) 2 3a 3b 4
(n=285) (n=337) (n=545) (n=201) (n=60)
Lipid treatment and control (%)%
Antihyperlipidemics§ 11.8 (0.5 304 (1.5) 18.1 (29) 314 (24) 330 (25) 404 (4.2) 448 (7.1) <0.001
LDL-C <100 mg/dL ND 400 (1.7) 358 (3.6) 382 (3.6) 384 (24) 528 (3.9) 50.7 (8.5) 0.135
BP treatment and control (%)%
Antihypertensives| 174 (0.6) 544 (1.6) 302 3.2) 548 (3.7) 62.0 (2.5) 713 (34) 789 (5.8) <0.001
BP <130/80 mmHg ND 446 (1.8) 49.5 (4.0) 424 (37) 416 (29) 523 (4.3) 30.2 (6.2) 0.019

Values are weighted estimates presented as percent (standard error). Estimates were standardized to the July 2008 US census population >20 years of age. ND, not determined.
*CKD Stage 1-4 was identified by the presence of kidney damage (based on albuminuria) and level of decline in kidney function (based on eGFR), and staged

using modified National Kidney Foundation criteria (see Methods).

1P values are for Stage 1 versus Stage 4 CKD, obtained using the SAS procedure SURVEYLOGISTIC; P values for No CKD versus All CKD are all <0.001, obtained

using the SAS procedure SURVEYFREQ (see Methods).
$All drug utilization was self-reported.

§Any lipid-lowering agents including statins, fibric acid derivatives, bile acid sequestrants, cholesterol absorption inhibitors and other antihyperlipidemic agents.
||Any antihypertensive agents including B-blockers, calcium channel blockers, diuretics, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers

and other BP-lowering agents.

population achieving the LDL-C goal of <100 mg/dL
also increased significantly, from 25.1% to 44.7%
(P<0.001; Figure 1B). Similarly, the self-reported use of
antihypertensive agents by persons with CKD increased
significantly over the 5 study cycles, from 47.6% in
2001-2002 to 60.6% in 2009-2010 (P=0.002; Figure 1C),
as did achievement of the BP goal of <130/80 mmHg
(38.0% in 2001-2002; 50.1% in 2009-2010; P<0.001;
Figure 1D).

Lipid and BP treatment and control in persons with CKD
and concomitant CVD or diabetes

Table 4 shows lipid and BP treatment and control rates
in persons with CKD and concomitant CVD or diabetes.
For those with concomitant CKD and CVD, 50.7%
reported using lipid-lowering agents and 52.8% had an
LDL-C <100 mg/dL; 21.9% achieved the optional LDL-C
goal of <70 mg/dL. BP treatment and control rates in
this population were 72.7% and 46.3%, respectively
(Table 4). For those with concomitant CKD and dia-
betes, 44.6% reported using lipid-lowering agents and
51.2% had an LDL-C <100 mg/dL; 17.5% achieved the
optional LDL-C goal of <70 mg/dL. BP treatment and
control rates in this population were 69.9% and 40.8%,
respectively (Table 4).

Dual lipid and BP goal attainment in persons with CKD,
with or without concomitant CVD or diabetes

The overall proportion of persons with CKD who simul-
taneously achieved both an LDL-C <100 mg/dL and a
BP <130/80 mmHg was 19.5%. Dual lipid and BP goal
attainment was achieved in 28.1% of the population with
concomitant CKD and CVD, and 24.9% of those with

concomitant CKD and diabetes (LDL-C <100 mg/dL; BP
<130/80 mmHg).

Discussion

This analysis of NHANES data from 2001 to 2010 found
that 10.2% of the US population >20 years of age had
CKD Stage 1-4, representing an estimated 22.6 million
Americans. CKD — particularly advanced CKD — was
associated with a high prevalence of CV-related co-
morbidities: nearly 50% of US adults with CKD and an
eGFR <45 mL/min/1.73m” had concomitant CVD. Des-
pite this, dyslipidemia was undertreated in this high-risk
population (overall treatment rate: 30.4%). Furthermore,
the proportions of individuals with CKD achieving
recommended LDL-C or BP therapeutic goals were low,
regardless of CKD stage. Although significant increases
were seen in lipid and BP treatment and control rates
over the 10-year survey period examined, <50% of per-
sons with CKD Stage 1-4 are currently achieving the
recommended LDL-C or BP therapeutic goals. Further-
more, this analysis revealed that despite the very
high-risk combination of CKD and CVD, or CKD and
diabetes, dyslipidemia was undertreated in these individ-
uals, with only around half of the CKD population with
concomitant CVD or diabetes receiving any form of
lipid-lowering therapy and a similar proportion achiev-
ing an LDL-C <100 mg/dL; fewer still (~1 in 5) attained
the optional goal of <70 mg/dL recommended for those
individuals classified as being at very high risk of future
CV events. Although a higher proportion of these very
high-risk individuals received antihypertensive medications
(~70%), still less than half were at BP goal <130/80 mmHg.
Moreover, only ~1 in 5 people with CKD are achieving
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Figure 1 Time-trend analysis of lipid and BP treatment and control rates in US adults >20 years of age with CKD Stage 1-4 based on
2001-2010 NHANES participants. A) Proportion of persons with CKD with self-reported use of lipid-lowering agents. B) Proportion of persons
with CKD at LDL-C goal <100 mg/dL. C) Proportion of persons with CKD with self-reported use of antihypertensive agents. D) Proportion of
persons with CKD at BP goal <130/80 mmHg. P values are for trend over time, obtained using the SAS procedure SURVEYLOGISTIC (see
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both the LDL-C and BP treatment targets simultaneously,
with a slightly higher proportion (~1 in 4) of those consid-
ered to be at very high risk of future CV events (those with
concomitant CVD or diabetes) at both LDL-C and BP
goal. Together, these findings highlight an unmet medical
need in CKD care and the potential for aggressive risk fac-
tor modification to maximize CV event reduction in CKD
patients at high or very high risk for CHD.
Hyperlipidemia, defined in this analysis as levels of
LDL-C above the specific goal for each NCEP ATP III
CHD risk category [27] or self-reported use of lipid-
lowering agents, was prevalent in the 2001-2010 US
adult CKD population (53.9%). In the absence of hyper-
triglyceridemia, national treatment guidelines for pa-
tients with CKD identify LDL-C as the primary focus of
lipid-lowering therapy and advocate the use of statins in
addition to therapeutic lifestyle changes to improve lipid

profiles [11]. Despite these recommendations, less than
one-third of individuals with CKD reported using any
lipid-lowering medication (30.4%), and just over one-third
achieved the recommended LDL-C goal of <100 mg/dL
(40.0%). Although it is not clear whether patients with very
advanced renal impairment (ie, ESRD) or renal transplant
recipients derive a CV benefit from statin therapy [31-33],
meta-analyses [34,35] and post-hoc subgroup analyses
from several large statin intervention trials [15-18,36] have
indicated that aggressive treatment of dyslipidemia re-
duces the risk of CV events in patients with mild-to-mod-
erate CKD. Moreover, the recent Study of Heart and Renal
Protection (SHARP) — a prospective trial in 9,270 (3,023
dialysis and 6,247 predialysis) patients with CKD and no
known history of MI or coronary revascularization —
demonstrated that LDL-C reduction with ezetimibe/
simvastatin combination therapy reduced the relative risk
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Table 4 Lipid and BP treatment and control rates in US
adults >20 years of age with CKD Stage 1-4* and
concomitant CVD or diabetes based on 2001-2010
NHANES participants

Variable With CKD Stage 1-4* and:
Cardiovascular Diabetes+
Diseaset
(n=434) (n=501)
Lipid treatment and control
(%)5§
Antihyperlipidemicsl 50.7 (2.3) 446 (2.7)
LDL-C <100 mg/dL 528 (23) 51.2 (2.5)
LDL-C <70 mg/dL 219 (2.0) 175 (2.3)
BP treatment and control (%)§
Antihypertensivesy 727 (2.6) 69.9 (2.6)
BP <130/80 mmHg 463 (2.7) 40.8 (2.9)

Values are weighted estimates presented as percent (standard error). Estimates
were standardized to the July 2008 US census population >20 years of age.
*CKD Stage 1-4 was identified by the presence of kidney damage (based on
albuminuria) and level of decline in kidney function (based on eGFR), and
staged using modified National Kidney Foundation criteria (see Methods).
tCardiovascular disease was a composite of self-reported CHD, stroke or CHF.
$Diabetes was identified by self-report, self-reported use of insulin or oral
medications for diabetes, or fasting glucose >126 mg/dL.

§All drug utilization was self-reported.

|| Any lipid-lowering agents including statins, fibric acid derivatives, bile acid
sequestrants, cholesterol absorption inhibitors and other

antihyperlipidemic agents.

9Any antihypertensive agents including B-blockers, calcium channel blockers,
diuretics, angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers and other BP-lowering agents.

of a major atherosclerotic event (coronary death, MI, is-
chemic stroke, or revascularization) by 17% (RR, 0.83; 95%
CI, 0.74-0.94; P=0.002) versus placebo, irrespective of the
severity of renal disease [37]. The apparent discrepancy be-
tween trials such as 4D or AURORA and SHARP is cur-
rently the subject of much debate within the medical
community, and has centered on differences in the pri-
mary end point and rates of specific CV outcomes across
the 3 trials that might explain the lack of clear benefit in
the earlier trials. For example, the primary end point in
the 4D trial focused on cardiac death, and sudden cardiac
death — less likely to be modifiable with statin therapy —
accounted for >50% of the primary outcomes in this trial
[31]. This is in stark contrast with the more specific, ath-
erosclerotic end point, and the predominance of non-fatal
atherosclerotic (and, hence, statin-modifiable) outcomes,
in the SHARP trial [37]. Interestingly, heterogeneity ana-
lyses across 4 prospective statin trials in renal patients
(SHARP, AURORA, 4D, and the Assessment of Lescol in
Renal Transplantation [ALERT] trial) found a similar ef-
fect of LDL-C-lowering therapy on risk reduction for se-
lected vascular outcomes, including nonfatal MI, nonfatal
ischemic stroke, and coronary revascularization [37].
Given the high prevalence of CV-related comorbidities
and CV risk factors observed in this analysis of NHANES
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participants with CKD, aggressive LDL-C—lowering ther-
apy to an optional goal of <70 mg/dL may be warranted in
those with multiple high-risk factors (eg, CKD plus dia-
betes or CKD plus established CHD), as suggested in
current national treatment recommendations for patients
at very high risk of future CV events [28-30]. However, we
found that only ~20% of those individuals with CKD and
concomitant CVD or diabetes were achieving this more-
stringent LDL-C goal.

Hypertension (defined as an average BP >130 mmHg
systolic or >80 mmHg diastolic, or self-reported use of
antihypertensive agents) was also prevalent in the 2001—
2010 US adult CKD population (76.1%). Current treatment
recommendations indicate that, for most patients with
CKD, the use of multiple antihypertensive agents will be
required to achieve a BP goal of <130/80 mmHg and re-
duce CV risk [12]. Despite this, only around half of indi-
viduals with CKD reported using any antihypertensive
medication (54.4%), and less than half achieved a BP goal
of <130/80 mmHg (44.6%). A sensitivity analysis increasing
the threshold for BP goal attainment to <140/90 mmHg
increased the proportion of persons with CKD classified
as achieving their BP goal to 66.5%. The lack of conclusive
evidence from randomized controlled trials as to the CV
benefit of strict versus standard BP control [38] has
sparked intensive debate on the subject of an appropriate
BP goal for patients with CKD. However, the observation
from our analysis that over half of all US adults with
CKD are not meeting the current BP treatment goal of
<130/80 mmHg, and one-third are not meeting the
less-stringent target of <140/90 mmHg, indicates that
suboptimal management of hypertension persists in
this high-risk population.

The restriction of this analysis to the fasting subsample
of NHANES due to the requirement of valid glucose
and LDL-C measurements may explain the somewhat
counterintuitive fall in prevalence of CKD Stage 1-4 ob-
served between this analysis of NHANES 2001-2010
data (10.2%; 22.6 million US adults; standardized to the
2008 US adult population) and an earlier analysis of
NHANES 1999-2004 data (13.1%; 26.3 million US
adults; standardized to the 2000 US adult population)
[3], as the prevalence estimates presented here were
based on around three-quarters of the number of
NHANES participants as the previous study (n=9,915
versus n=13,233, respectively). Also, the use of the CKD-
EPI equation in this analysis versus the Modification of
Diet in Renal Disease (MDRD) Study equation in the
earlier analysis [3] may have also contributed to the re-
duced estimated CKD prevalence we observed. A com-
parison of the MDRD and CKD-EPI equations using the
earlier NHANES 1999-2006 data (n=16,032) led to a
downward revision of CKD prevalence from 13.1% to
11.5% [26]. The tendency of the CKD-EPI equation to
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more accurately classify lower-risk patients into higher
eGFR categories and result in lower prevalence estimates
of CKD has also been documented in a number of other
studies [39,40]. However, the most recent report from
the US Renal Data System, using the CKD-EPI equation
to calculate eGFR, puts the overall prevalence of CKD
(including Stage 5 CKD) in the NHANES 2005-2010
population as high as 14.0% [41].

The stratification of CKD into 5 stages according to
the presence of persistent kidney damage and/or level of
decline in eGFR was previously based on criteria devel-
oped in 2002 by the NKF [1] and subsequently endorsed
by the Kidney Disease: Improving Global Outcomes
(KDIGO) Foundation [42]. However, refinements to the
CKD classification system were proposed to provide a
more comprehensive description of CKD severity, dis-
ease prognosis, and CV risk [43,44]. For example, the
high prevalence of Stage 3 CKD [3], and potential differ-
ences in CV risk profiles within this stage [8,45], led
some experts to suggest subdividing this category into
Stage 3a and 3b CKD (eGFR 45-59 and 30—44 mL/min/
1.73m?). This analysis of 2001-2010 NHANES data
found that the prevalence of CV-related comorbidities
and CV risk factors was significantly higher in Stage 3b
versus 3a CKD, including an observed ~2-fold increase
in the prevalence of CVD and stroke between Stage 3a
and 3b, thus supporting this particular revision of the
CKD classification system. Indeed, the recently released
KDIGO 2012 Clinical Practice Guideline for the Evalu-
ation and Management of Chronic Kidney Disease [2]
now includes the subdivision of Stage 3 CKD, as well as
the addition of albuminuria stages and diagnosis of CKD
by cause, to enable more precise estimations of disease
risk and prognosis in patients with CKD.

The additional economic burden associated with CVD
in the context of CKD is substantial, and effective CV
risk factor modification in patients with CKD has the
potential to significantly reduce healthcare costs and im-
prove patient outcomes. In 2008, costs for general (fee-
for-service) Medicare patients with both CKD and CVD
exceeded $24 billion and accounted for ~12% of overall
Medicare expenditures, despite these patients representing
only ~5% of the general Medicare population [46]. Patients
with CKD and CVD also had per-person, per-month ex-
penditures that were nearly double those of patients with
CKD alone ($1,687 versus $888, respectively) [46]. Similar
observations have been made within the managed-care
setting. An analysis of 13,796 patients with CKD and their
matched controls from a large health-maintenance or-
ganization demonstrated that the presence of CKD-related
comorbidities such as CHD and diabetes almost doubled
the total cost of care in these cohorts, and the costs associ-
ated with these comorbidities were disproportionally
higher in patients with concomitant CKD [47]. A recent
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review assessing cost effectiveness analyses of a wide range
of pharmacological and non-pharmacological interventions
for patients with CKD found that a high proportion of the
interventions were dominant over the comparator (sugges-
ting both improved outcomes for patients and lower costs
for payors), particularly those relating to antihypertensive
therapies in patients with CKD Stages 1-4 [48].

Limitations

This analysis should be interpreted within the context of
the following limitations. Drug utilization and disease
history in NHANES participants is obtained by self-
report and so may be subject to recall bias. Laboratory
measurements were performed on single blood and
urine specimens, and relied on participants self-
reporting an appropriate period of fasting, the absence
of which may result in confounding. The use of urinary
albumin and creatinine data from a single urine speci-
men prevented the inclusion of “persistent” albuminuria
in the definition of individuals with Stage 1 and Stage 2
CKD. It is important to note that not all NHANES par-
ticipants receive routine medical care; while this allows
for the generalizability of the data to the overall US
population, it could be considered a limitation when
interpreting lipid and BP treatment and control rates.
Finally, caution should be exercised in drawing strong
inferences on US population trends based on compari-
sons between Stage 1 and Stage 4 CKD due to the low
number of participants with CKD Stage 4 (n=60) identi-
fied from the NHANES 2001-2010 fasting subsample.

Conclusion

Although significant increases in lipid and BP treatment
and control rates were observed over the past decade,
these nationally representative trends suggest that con-
tinued efforts by healthcare professionals are required to
achieve recommended treatment goals for CV risk fac-
tors and reduce the economic and social burden of CV
complications associated with CKD. Given the observed
high prevalence of concomitant CV comorbidities in US
adults with advanced CKD, and the potential to reduce
future CV events and/or progression of renal disease,
traditional CV risk factors such as hypertension and
dyslipidemia should be treated more intensively in this
population.
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