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Synopsis

Heart failure is common and is associated with poor prognosis. Chronic kidney disease is common
in heart failure, and shares many risk factors with heart failure such as age, hypertension, diabetes,
and coronary artery disease. Over half of all heart failure patients may have moderate to severe
chronickidney disease. The presence of chronic kidney disease is associated with increased morbidity
and mortality, yet it is also associated with underutilization of evidence-based heart failure therapy
that may reduce morbidity and mortality. Understanding the epidemiology and outcomes of chronic
kidney disease in heart failure is essential to ensure proper management of these patients.
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Heart Failure: A Multidisciplinary Syndrome of Epidemic Proportion

Heart failure is a multi-disciplinary syndrome of epidemiologic importance. The vast majority
of the estimated 5 million heart failure patients in the United States are older adults [1,2]. Most
of the over 1 million hospitalizations and over 300,000 heart failure-related deaths annually
also occur in patients >65 years [1,2]. The incidence of heart failure increases exponentially
with age. Heart failure shares many features of major geriatric syndromes, and from an
epidemiologic viewpoint heart failure can be considered a geriatric syndrome [3]. However,
heart failure is also a complex cardiovascular syndrome with complicated pathophysiology,
poor prognosis, and rapidly evolving therapy that demands continued basic and clinical
research. Thus, mechanistically speaking, heart failure is thus very much a cardiac syndrome.
As the number one reason for hospital admission for Medicare beneficiaries and as the primary
cause of over 1 million hospitalizations, it is also a leading health services research syndrome.
Currently, over half of the annual cost of heart failure care of an estimated 30 billion dollars
is spent for inpatient care of heart failure [1]. With the aging of the baby boomers, the proportion
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of United States population >65 years is projected to increase from a current 13% to an
estimated 20% in the next couple of decades [4]. With this increase in the population, the
absolute number of heart failure hospitalization is projected to double to over 2 million per
year posing a great challenge to the health care system of this nation.

Heart Failure: A Syndrome of Comorbidities

Because over 80% heart failure patients are >65 years, most of these patients suffer from one
or more comorbidities. Further, because heart failure is a syndrome and not a disease per se,
there are often one or more underlying causes that lead to the development of heart failure.
Some of the most common causes of heart failure are hypertension, coronary artery disease,
diabetes, and chronic kidney disease (CKD), which are often present as comorbidities in heart
failure patients. A study of 105,388 heart failure patients in the Acute Decompensated Heart
Failure National Registry (ADHERE) reported that 57% of these patients had coronary artery
disease, 73% had hypertension, 44% had diabetes, and over 60% had kidney disease [5,6].
These patients had a mean age of 72 years, 20% were African Americans and 52% were women.
Age is an important risk factor for heart failure as it is for many of its risk factors including
CKD [7,8]. Therefore, the prevalence of CKD is expected to be higher in patients with heart
failure than in the general population.

Chronic Kidney Disease in Heart Failure: Case Scenarios

Casel

Case 2

An 86-year-old white woman with a history of hypertension and atrial fibrillation developed
progressive dyspnea about two years ago. Recently her dyspnea worsened. She could barely
walk inside her home and often slept on a recliner to avoid orthopnea. She denied paroxysmal
nocturnal dyspnea, cough, wheezing, or chest pain. She also reported right upper quadrant pain,
nausea, loss of appetite, and severe leg swelling. She had no emergency room visits or
hospitalizations due to dyspnea. Her current medications included a thiazide diuretic, digoxin,
and a beta blocker. Her physical examination was remarkable for blood pressure of 156/88 mm
of mercury, a heart rate of 85 beats/minute, an estimated jugular venous pressure of 16 cm of
water, a positive hepatojugular reflux, a right-sided third heart sound, no pulmonary réles or
wheezing, an enlarged soft tender liver, and severe bilateral lower extremity edema up to mid-
thigh with brown pigmentation and induration of skin, and multiple blisters over lower legs.
An accentuated second heart sound at left fifth intercostal space suggested pulmonary
hypertension, with an estimated pulmonary artery systolic pressure of 50 millimeter of
mercury. Her current serum creatinine level was 1.1 mg/dL (97 umol/L) and her last serum
creatinine from six months ago was 1 mg/dL (88 umol/L). Her serum potassium was 3.6 mEg/
L. She had a normal electrocardiogram and a chest radiograph revealed marked cardiomegaly
and pulmonary congestion. An echocardiogram showed a left ventricular ejection fraction of
>55%.

A 59-year-old African American man with a history of hypertension and diabetes, developed
dyspnea after an acute myocardial infarction. His left ventricular ejection fraction was 35%.
He underwent coronary stenting, and his coronary symptoms have remained stable for the past
five years. He currently had no dyspnea on usual exertion. He also denies dyspnea at rest,
orthopnea, paroxysmal nocturnal dyspnea, cough, wheezing, or chest pain. He is currently
receiving an aspirin, an angiotensin-converting enzyme (ACE) inhibitor, a beta blocker, and a
statin drug. He has had no emergency room visits or hospitalizations due to dyspnea. His
physical examination was unremarkable except for mild pitting edema around his ankles. He
had normal jugular venous pressure, no hepatojugular reflux, no third heart sound, and no
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pulmonary rales. His most recent serum creatinine level was 1.4 mg/dL (124 umol/L) and has
remained stable around this level for the past one year. His serum potassium was 4.6 mEg/L.
A spot urine sample revealed an albumin to creatinine ratio of 130 mg/gram suggesting
microalbuminuria. A twelve-lead electrocardiogram showed old anteroseptal myocardial
infarction, and findings from a chest x-ray were normal.

Relevance of Epidemiology to Patient Care

Diagnosis

Do these patients have CKD? Is it possible to establish the diagnosis of CKD in these patients
based on the information provided here? Serum creatinine levels in both these patients were
<1.5 mg/dL, a cutoff often used by many clinical laboratories as the upper limit of normal
serum creatinine levels. What are the prognostic and therapeutic implications of CKD in
patients with heart failure? How heart failure patients with CKD should be treated? How
common is CKD in heart failure? How common is heart failure in CKD?

of Chronic Kidney Disease in Heart Failure

According to the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (K/
DOQI) guideline (http://www.kidney.org/professionals/kdogi/guidelines_ckd/toc.htm) serum
creatinine alone should not be used to make the diagnosis of CKD. Serum creatinine is not a

sensitive marker of glomerular filtration rate (GFR) [9]. A basic evaluation for CKD includes
an estimate of GFR, urinalysis and quantification of alouminuria [10]. An estimated GFR <60
ml/min/1.73 m2 body surface area (BSA) suggests CKD, even in the absence of evidence of

kidney damage such as albuminuria [10]. In patients with GFR >60 ml/min/1.73 m2, evidence
of kidney damage must be present, before a diagnosis of CKD can be established. A decreased
GFR or kidney damage must be present for >3 months for the diagnosis of CKD. The K/DOQI
classification for CKD is shown in Table 1.

In most situations, GFR estimating equations are preferred over 24-hour urine creatinine
clearance studies because they are less cumbersome and more accurate. Both the MDRD and
Cockcroft-Gault equations are widely used (Box 1). The abbreviated (4-variable: age, gender,
race, serum creatinine) MDRD equation is frequently used in epidemiology studies. An
advantage of the MDRD equation over the Cockcroft-Gault equation is that it does not require
abody weight. The MDRD-estimated GFR is expressed per 1.73 m? BSA which is the normal
mean value for young adults. Adjustment for BSA allows comparison of a patient’s estimated
GFR to normal values. The MDRD has been validated in whites, African Americans and
patients with diabetes [11]. Both equations are based on serum creatinine and assume stable
kidney function. These methods underestimate GFR when GFR is >60 ml/min/1.73 m2. They
may also be less accurate when serum creatinine production is abnormal, such as in severe
malnutrition, muscle wasting, limb amputation or cirrhosis. Cystatin C, a cysteine proteinase
inhibitor that is freely filtered at the glomerulus, has been proposed as an alternative to
creatinine based estimates of GFR [12-14]. However, cystatin C is also influenced by factors
such as hypothyroidism, tobacco use and inflammation, and is not widely available [15,16].

Box 1
Formulas for estimating glomerular filtration rate and creatinine clearance

Abbreviated (4-variable) Modification of Diet in Renal Disease (MDRD) study
equation
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GFR (ml/ min /1.73 m2):{186 X (serum creatinine in mg/dL)}
—{1.15 x (age)}
—{0.203 x (0.742 if woman)}
X {(1.210 if African American)}

Cockcroft-Gault equation

(140 — age) x lean body weight (kg) x .85 if female

Creatinine clearance(ml/ min)= Serum creatinine (mg/dL) X 72

Renal damage is assessed by either a dipstick for albuminuriaand hematuria, or amore sensitive
dipstick for smaller amounts of albumin (microalbuminuria). Albuminuria should be quantified
by using a random urine sample for an albumin to creatinine ratio. Albuminuria is defined as
a urinary albumin to creatinine ratio of >30 mg/gm (>3.5 mg/mmol), with a ratio of 30-299
mg/gm (3.5-35 mg/mmol) suggesting microalbuminuria and >300 mg/gm (>35 mg/mmol)
indicating macroalbuminuria [17].

Using an online GFR calculator (http://www.nephron.com/MDRD_GFR.cgi) based on the
four-variable MDRD equation, case 1 had an estimated GFR of 50 ml/min/1.73 m2. She had
stage-3 CKD and according to the K/DOQI guideline she was at moderate risk of
complications, for which she should receive nephrology consultation. The estimated GFR of
case 2 was 67 ml/min/1.73 m2. His GFR alone was not sufficient for the diagnosis of CKD.
However, considering his risk of kidney damage from his hypertension, diabetes, and heart
failure, a spot urine sample was tested for albumin to creatinine ratio, and a diagnosis of
microalbuminuria was made. According to the K/DOQI guideline, he had stage-2 CKD and
was at mild risk of complications, and should also receive nephrology consultation. Using four
readily available variables, a diagnosis of CKD was made in both these patients with apparently
normal serum creatinine levels. So, what is the significance of the presence of CKD in heart
failure patients?

Prognostic Implications of Chronic Kidney Disease in Heart Failure

The presence of CKD is associated with poor prognosis in heart failure and can be used to risk
stratify patients for targeted intervention [6,18-24]. According to one study, the risk of death
in heart failure may be more strongly associated with a decline in the GFR than with a decline
in the left ventricular ejection fraction [22]. Among patients with chronic heart failure in the
Candesartan in Heart Failure: Assessment of Reduction in Mortality and Morbidity (CHARM)
trial, compared to patients without CKD, those with CKD (MDRD-based GFR <60 ml/min/
1.73 m2 BSA\) had increased risk of cardiovascular death or heart failure hospitalization [23].
This risk increased progressively with decreasing GFR.

In a propensity-matched study of the effect of CKD on total mortality in patients with systolic
(ejection fraction <45%; n=6800) and diastolic (ejection fraction >45%; n=988) heart failure
in the Digitalis Investigation Group trial, there were 757 and 882 deaths, respectively, in
patients without and with CKD (hazard ratio when CKD was compared with no CKD, 1.22,
95% confidence interval {CI1}, 1.09-1.36; p <0.0001) [18]. CKD was defined by MDRD-based
GFR of <60 ml/min/1.73 m2 of BSA. In that study, CKD-associated mortality was higher in
patients with diastolic heart failure (hazard ratio, 1.71, 95% Cl, 1.21-2.41; p =0.002) than in
systolic heart failure (hazard ratio, 1.19, 95% CI, 1.07-1.32, p =0.001, Figure 1). This
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difference in CKD-associated death between patients with systolic and diastolic heart failure
was statistically significant (adjusted p for interaction =0.034). Further, the risk of CKD-
associated death progressively increased with increasing ejection fraction. The hazard ratios
for CKD-associated mortality for patients with ejection fraction <35%, 35-55%, and >55%
were respectively 1.15 (95% Cl, 1.02-1.29), 1.35 (95% ClI, 1.11-1.64), and 2.33 (95% Cl,
1.34-4.06) [18]. CKD has a similar association with cause-specific mortality and
hospitalization in these patients [25].

Data from 118,465 patients with acute heart failure in the ADHERE registry demonstrate a
similar effect of CKD [6]. In that study, 2%, 2%, 4%, 8% and 7% patients respectively with
stages I, 2, 3, 4 and 5 CKD died in the hospital. CKD was also associated with increased
morbidity. An estimated 17%, 17%, 18%, 22% and 26% patients respectively with stages 1,
2, 3, 4 and 5 CKD were admitted to intensive care units [6]. CKD was also a risk factor for
worsening kidney function during hospitalization in acute heart failure, which in turn was
associated with increased total mortality and heart failure hospitalization [19,20].

Anemia and secondary hyperparathyroidism are common complications of CKD and may
further complicate prognosis and management of HF patients with CKD. Anemia of CKD is
associated with poor prognosis [26—28]. Even though data from one small study suggest that
aggressive treatment of anemia may improve outcomes in heart failure [29], data from large
prospective trials of CKD patients (with and without heart failure) suggest that such treatment
not improve outcomes [30-32]. Secondary hyperparathyroidism and abnormalities in calcium
and phosphorus metabolism also common in CKD, and may play a role in abnormal vascular
calcifications in heart failure patients with CKD [33-36]

Therapeutic Implications of Chronic Kidney Disease in Heart Failure

There are two aspects in the therapeutic implications of CKD in heart failure: the impact of the
presence of CKD on the receipt of evidence-based therapy, and the importance of
administration of such therapy to heart failure patients with CKD. ACE inhibitors and
angiotensin receptor blockers have been shown to reduce mortality in patients with systolic
heart failure [37]. However, these drugs are often underused in heart failure and one of the
reasons for this underuse is the perception that the increase in serum creatinine associated with
the use of these drugs may be an indication of worsening kidney function [38,39]. This is
despite the fact that a rise in serum creatinine associated with the use of ACE inhibitors and
angiotensin receptor blockers is often mild and reversible, and often considered a marker of
their effectiveness as is a decrease is heart rate in patients receiving beta blockers [40]. ACE
inhibitors and angiotensin receptor blockers have been shown to reduce the progression of
kidney damage in wide spectrum of patients with kidney disease [41]. Therefore, these drugs
may be both cardio- and reno-protective in systolic heart failure patients with CKD.

This is especially important considering the increased risk of death associated with CKD in
heart failure. Effects of drugs are often more pronounced in subgroups of patients with more
severe disease or higher comorbidity burden [42]. Even though patients with CKD were
excluded from most randomized clinical trials of ACE inhibitors and angiotensin receptors in
heart failure, post hoc and subgroup analyses and other observational data suggest that these
drugs are equally effective in heart failure patients with CKD, and the absolute benefit may
even be greater in patients with CKD than in those without CKD [21,43-46]. The cardio-
protective benefit of ACE inhibitors and angiotensin receptors is not well-established in
diastolic heart failure. However, these patients benefit from the reno-protective effects of these
drugs, which may indirectly improve prognosis. However, this has not been demonstrated in
large-scale randomized clinical trials. Data from patients with stable coronary artery disease
and normal left ventricular ejection fraction demonstrated that randomized use of trandolapril,
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an ACE inhibitor, was associated with a reduction in total mortality in patients with CKD, but
not in those with normal kidney function [47]. These data suggest that kidney function may be
used to risk stratify patients with stable coronary artery disease and normal left ventricular
ejection fraction and identify those that are most likely to benefit from therapy with ACE
inhibitors or angiotensin receptors for cardiovascular protection.

Thus, initial and subsequent assessment of heart failure patients should include an assessment
for the presence of CKD. The presence of CKD is a marker of poor prognosis, regardless of
ejection fraction, and these patients should be appropriately treated with inhibitors of the renin-
angiotensin system. Any associated hypertension, diabetes, or other shared risk factors should
also be appropriately treated. Therefore, to appreciate the correlates and impact of CKD in
heart failure better, it is important to understand the epidemiology of CKD in the population,
in general, and in patients with heart failure, in particular.

Epidemiology of Chronic Kidney Disease in the Population in the United

States

Like heart failure, CKD is also common. According to a recent study based on the 1999-2004
National Health and Nutrition Examination Surveys (NHANES), an estimated 13% of the
population >20 years or nearly 26 million Americans in that age group have CKD [48]. The
prevalence of stage 1, 2, 3 and 4 CKD was respectively 1.8% (3.5 million), 3.2% (6.3 million),
7.7% (15.2 million) and 0.35% (0.7 million) of the population. Participants in that study had
a mean age of 46 years, 51% were women and 11% were African Americans. CKD was
diagnosed by both persistent albuminuria (albumin to creatinine ration of >30 mg/gm based
on a random spot urine sample) and decreased MDRD-estimated GFR [48]. CKD was
categorized into 4 stages based on the K/DOQI classification system (Table 1).

The results of that study also demonstrated that the prevalence of CKD has increased from
10% of the population >20 years (an estimated 18 million) in the NHANES (1988-1994) to
13% of the population >20 years (an estimated 26 million) in the NHANES (1999-2004)
[48]. This increase in the prevalence of CKD has been attributed to the increased prevalence
of diabetes, hypertension, and obesity during that period. An earlier study by the Center for
Disease Control and Prevention using the same NHANES (1988-1994) and NHANES (1999—
2004) surveys suggested somewhat higher prevalence [49]. According to that study the
prevalence of CKD in the NHANES (1988-1994) and NHANES (1999-2004) were
respectively 14.5% and 16.8% of the population >20 years. These differences are likely due
to the more conservative methodology used in the former study.

Age is an important risk factor for CKD. Of the13233 participants in NHANES (1999-2004)
study, more than three-fourth were younger than 60 years [48]. The estimated prevalence of
CKD was <5% for participants 20-39 years, <10% for those 40-59 years, >20% for those 60—
69 years, and about 50% for those 70 years and older. This is an important observation as the
vast majority of heart failure patients are 65 years and older.

Age and the Epidemiology of Chronic Kidney Disease

The importance of age as a risk factor of CKD is further highlighted by a recent study of the
prevalence of CKD in the Reasons for Geographic and Racial Differences in Stroke
(REGARDS) study [50]. REGARDS is a nationally representative, population-based cohort
study of 20,667 participants >45 years. REGARDS has been designed to identify risk factors
for excess stroke mortality among African Americans and those living in the Southeastern
United States. The goal of REGARDS is to recruit 30,000 participants free of stroke at baseling,
and this report was based on the first 20,667 participants enrolled. The results of this study
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demonstrated a 43% prevalence of CKD among REGARDS participants [50]. In that study
CKD was defined by an estimated GFR <60 ml/min/1.73 m2 of BSA and the GFR was
estimated using the abbreviated MDRD Study equation. However, serum creatinine values
were calibrated to values reported by the Cleveland Clinic Foundation, and REGARDS values
were found to be lower than the Cleveland Clinic Foundation values.

REGARDS participants in that study had a mean age of 66 years, 42% were African Americans,
and 51% were women [50]. The prevalence of CKD was 19.3%, 31.6%, 51.5%, 62.7% and
71.0% respectively for participants 45-54 years, 55-64 years, 65—74 years, 75 to 84 years, and
>85 years [50]. The prevalence of CKD was higher among whites (50% versus 34% among
African Americans) and women (48% versus 39% in men). The lower prevalence of CKD
among African Americans was mostly observed at lower stages of CKD and reversed at higher
stages suggesting a higher rate of disease progression among African Americans with CKD.
The prevalence of CKD was significantly higher among those with hypertension (48% versus
37% among those without hypertension), diabetes (45% versus 43% for those without
diabetes), prior myocardial infarction (54% versus 42% for those without myocardial
infarction) and prior stroke (54% versus 43% for those without stroke) [50].

A study of the 5808 non-institutionalized individuals >65 years in the Cardiovascular Health
Study demonstrated that 1249 (22%) had CKD at baseline and the presence of CKD was
associated with older age, male sex, white race, and a higher prevalence of cardiovascular
disease [51]. The Cardiovascular Health Study is a prospective cohort study of risk factors for
cardiovascular disease in elderly men and women. This currently ongoing study recruited
eligible participants and their spouses from Forsyth County, North Carolina, Sacramento
County, California, Washington County, Maryland, and Pittsburgh, Pennsylvania. CKD was
defined as abbreviated MDRD-estimated GFR <60 ml/min/1.73 m? of BSA. Serum creatinine
values were also calibrated to values reported by the Cleveland Clinic Foundation. However,
it is not clear why the prevalence of CKD was much lower in this elderly cohort compared to
the relatively younger REGARDS population, despite similar methodology used in both the
studies.

Chronic Kidney Disease: A Global Epidemic

A study of the prevalence of CKD using a primary care database in the United Kingdom
reported an overall prevalence of 8.5% among population >18 years, with women having a
higher prevalence (10.6% versus 5.8% in men) [52]. In that study, 68% of the patients were
excluded due to lack of valid data on serum creatinine. Patients in that study had a mean age
of 58 years, and 56% were women. As expected the prevalence of CKD increased with age:
from 0.01% in the age group 18-24 years to 45% in those >85 years. CKD was defined by
GFR <60 ml/min/1.73 m2 of BSA, based on the four-variable MDRD formula.

Another study, also from the United Kingdom, among older adults in residential care homes
reported 82% prevalence of CKD [53]. The prevalence of stage 3 and 4 CKD was respectively
72% and 10% in that study. Patients in that study had a mean age of 86 years and 79% were
women. CKD was defined as MDRD-estimated GFR <60 ml/min/1.73 m? of BSA. When
Cockcroft-Gault equation was used to estimate GFR, the prevalence of CKD was 97% with
66% and 31% respectively with stage 3 and 4 CKD. The finding from this study further
highlights the importance of age as a risk factor for CKD in the general population.

A study of 11,247 non-institutionalized adult population >25 years in Australia reported an

11% prevalence of CKD, which was defined as an estimated GFR <60 ml/min/1.73 m? based
on the Cockcroft-Gault method [54]. In that study the prevalence of CKD increased with age:
2.5% for those 45-64 years and 55% for those >65 years. A study of a population of 527,594
participants, age >20 years, in Japan reported a 20% prevalence of CKD [55]. The prevalence
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increased significantly with age: 1%, 4%, 11%, 16%, 32%, 44%, and 59%, respectively for
population 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, and 80-89 years.

A study of 2,353 participants in Beijing, China reported an 11% prevalence of CKD, defined
as a GFR of <60 ml/min/1.73 m? of BSA [56]. Men and women had similar prevalence in that
study. The GFR in that study was calculated by a new GFR-estimating equation which was
developed by modifying the MDRD equation based on data from Chinese patients with CKD.
Little is know about the prevalence of CKD in India [57]. It has been suggested that the
prevalence of CKD may be lower in India as the GFR may be lower in the predominantly
vegetarian Indian subjects with different creatinine generation rates.

Epidemiology of Chronic Kidney Disease in Cardiovascular Disease

Because CKD and cardiovascular disease share many risk factors, the prevalence of CKD is
expected to be higher in these patients than in the general population. However, studies on the
prevalence of CKD in patients with cardiovascular disease are not as well conducted as those
for the general population. In the Cooperative Cardiovascular Project, an estimated 13% of
patients had blood urea nitrogen >40 mg/dL or serum creatinine >2.5 mg/dL [58]. In a study
of 1,609 patients with established cardiovascular disease in the West of Ireland had 1,272 (79%)
patients with one or more serum creatinine measurements during the study period and 36%
had GFR <60 ml/min/1.73 m2 of BSA based on MDRD formula [59]. In another study of all
patients undergoing cardiac catheterization at Duke University Medical Center between 1995
and 2000 with at least one coronary artery stenosis of >75%, 24% had CKD based on the
Cockcroft-Gault formula based estimated creatinine clearance of <60 ml/min [60]. In the China
Heart Survey, among the 3,513 participants with coronary heart disease, 25% had CKD [61].
However, data on the prevalence of CKD in patients in randomized clinical trials of
cardiovascular disease is limited as these patients are often excluded from these trials [62,
63].

Epidemiology of Chronic Kidney Disease in Heart Failure

Unlike in the general population, the epidemiology of CKD in heart failure is not very well
studied. Patients with high serum creatinine levels have often been excluded form randomized
clinical trials in heart failure [64]. Data on the prevalence of CKD in heart failure are, therefore,
best derived from large heart failure registries involving hospitalized acute heart failure patients
(Table 2).

A study of about 120,000 contemporary acute hospitalized heart failure patients from the
ADHERE registry indicates that CKD (defined as MDRD GFR <60 ml/min/1.73m? of BSA)
was present in 75,382 (64%) patients, of whom 51,553 (44%), 15,553 (13%) and 8,276 patients
(7%) respectively had stage 3, 4 and 5 CKD [6]. These patients had a median age of 75 years,
52% were women, and 25% were African Americans, with mean (standard deviation) serum
creatinine, GFR, blood urea nitrogen levels of 1.8 (+1.6) mg/dL, 55 (+30) ml/min/1.73 m? of
BSA, and 32 (+21) mg/dL. Data from other similar registries are presented in Table 2.

Of the 7,599 contemporary ambulatory chronic heart failure patients in the CHARM ftrial,
baseline serum creatinine levels (<3 mg/dL) were available from 2,680 patients enrolled from
North America [65]. Of these 931 were from the CHARM-Added trial (37% of 2,548 systolic
heart failure patients, all receiving an ACE inhibitors), 1,087 were from the CHARM-Preserved
trial (36% of 3,023 patients with diastolic heart failure, <20% receiving ACE inhibitors) and
662 were from the CHARM-Alternative trial (33% of 2,028 patients with systolic heart failure
who were intolerant to ACE inhibitors). The overall prevalence of CKD (GFR <60 ml/min/
1.73 m2 of BSA) was 36% [23]. Prevalence of CKD in the CHARM-Added, CHARM-
Preserved and CHARM- Alternative trials was respectively 33%, 35% and 43%. The
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prevalence of CKD was similar regardless of ejection fraction. The high prevalence of CKD
in the CHARM-Alternative trial was likely due to the fact these patients were intolerant of
ACE inhibitors. This is not surprising as a high baseline serum creatinine or a worsening kidney
function is often perceived as a contraindication to the use of ACE inhibitors [40].

Risk Factors for Chronic Kidney Disease in Heart Failure

Prospective epidemiological data on the risk factor of CKD in patients with heart failure are
scarce, and most associations are derived from cross-sectional studies. Data from the
Framingham Heart Study suggest that age, baseline GFR, body mass index, smoking, and
diabetes are risk factors for new-onset CKD in the general population [78]. Cross-sectional
data from the NHANES survey suggest that in the general population age, ethnicity, education,
diabetes, hypertension, cardiovascular disease, and body mass index are associated with CKD
[49]. Similar associations are observed in heart failure patients, and because of the high
prevalence of many of these risk factors in heart failure patients, the risk of CKD in heart failure
is also likely high. Data from the ADHERE registry indicate that age, sex and ethnicity are
associated with CKD [6]. However, these associations were somewhat unique among stage 5
CKD patients, of whom about 68% were receiving chronic dialysis. The mean age of patients
increased progressively with worsening kidney function, from 62 years in stage 1, to 70 years
in stage 2 and 76 years in stage 3 and 4, but decreased to 67 years for those in stage 5 CKD.
Most heart failure patients with CKD were women (54%, 58% and 54% respectively for stage
3,4 and 5), while most with stage 1 and 2 kidney function were men (57% and 53, respectively).
The proportion of African Americans among heart failure patients with stage 1 to 5 kidney
function were respectively 39%, 24%, 15%, 15% and 33% [6], suggesting that these patients
were less likely to develop CKD, but once developed, they were more likely to progress into
stage 5 CKD, often requiring chronic dialysis. A similar association between race and CKD
was also observed in the general population. In REGARDS, the prevalence of CKD (MDRD-
estimated GFR <60 ml/min/1.73 m2) was higher among whites (50% versus 34% for African
Americans); however, the prevalence of stage 4 and 5 CKD (GFR <30 ml/min/1.73 m?) was
higher among African Americans (0.3% versus 0.1% for whites) [50].

Among heart failure patients in the ADHERE registry, the prevalence of hypertension, a risk
factor for CKD, progressively increased with the worsening of kidney function: 68%, 70%,
73%, 77% and 85% respectively for patients with stage 1 through 5 CKD [6]. The prevalence
of diabetes, also a risk factor for CKD, was the lowest in patients with stage 1 and 2 patients
(38% and 37% respectively), intermediate in stage 3 (45%), and the highest in those with stage
4 and 5 CKD (respectively 54% and 55%). The prevalence of coronary artery disease, another
risk factor, also increased with worsening kidney function (41%, 51%, 61% and 67%
respectively for patients with stage 1 through 4), but dropped in those with stage 5 disease
(56%) [6]. This may in part be due to the higher mortality of heart failure patients with coronary
artery disease and stage 5 CKD [79,80]. The prevalence of systolic heart failure (ejection
fraction <40%), on the other hand, was the lowest among patients with stage 5 CKD (53%,
52%, 52%, 52% and 45% for those with stage 1 to 5 disease) [6], suggesting that either fewer
patients with systolic heart failure progressed to stage 5 CKD, or heart failure patients with
low ejection fraction and stage 5 CKD receiving dialysis had disproportionately high mortality
rates. Similar associations with these risk factors are also observed in ambulatory chronic heart
failure patients [18,23].

Chronic Kidney Disease as a Risk Factor for Heart Failure

Because heart failure and CKD share common risk factors that often co-exist, it may be at times
difficult to determine if CKD in heart failure is a case of prevalent or incident CKD, or a
manifestation of cardiorenal syndrome [81-84]. Data from the Cardiovascular Health Study
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indicate that among older adults, increasing baseline serum creatinine levels were associated
with a graded increase in the risk for incident heart failure [7,85]. A further analysis of the
Cardiovascular Health Study suggests that among older adults with no baseline CKD, a pre-
clinical CKD identified by cystatin C was associated with increased risk of heart failure [12].
CKD has a poor prognosis among African Americans [6,50]. However, little is known about
racial variations in the CKD-associated risk of heart failure, which will be studied prospectively
in REGARDS, in which half of the estimated 30,000 participants are African Americans
[75].

Heart failure is common and is associated with poor prognosis. Heart failure and CKD share
many common risk factors and they often coexist. About one-third of trial-eligible chronic
heart failure patients and about two-thirds of real-life hospitalized acute heart failure patients
are estimated to have CKD defined as MDRD estimated GFR of <60 ml/min/1.73 m? of BSA.
CKD is associated with increased morbidity and mortality in heart failure. CKD is also
associated with underuse of ACE inhibitors or angiotensin-receptor blockers. Despite concerns
for rising serum creatinine, use of these drugs is associated with improved outcomes. Clinicians
should routinely risk stratify heart failure patients by the presence of CKD based on MDRD
estimated GFR and take preventive and therapeutic measures based on current guidelines and
appropriate nephrology consultation.
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Figure 1.

Kaplan-Meier plots for cumulative risk of chronic kidney disease (CKD)-associated all-cause
death systolic (SHF) and diastolic (DHF) heart failure patients, with rates of death (expressed
per 10,000 person-years of follow up), and hazard ratio (HR) and 95% confidence interval
(CI), when CKD is compared with no CKD (Adopted form Ahmed et al. Am J Cardiol. 2007.
Ref. 18)
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Stages of chronic kidney disease [10]

Table 1

Stage | Description GFR”, mL/min/1.73m? of BSA
1 Kidney damage with normal or increased GFR >90

2 Kidney damage with mildly decreased GFR 60-89

3 Moderately decreased GFR 30-59

4 Severely decreased GFR 15-29

5 Kidney failure <15 or dialysis

Page 16

*
GFR estimated from serum creatinine by abbreviated Modification of Diet in Renal Disease Study equation based on age, sex, race, and calibration
for serum creatinine.
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