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Chronic kidney disease (CKD) is a major public health concern, both in the US and worldwide,
with rising incidence and prevalence. Recent worldwide initiatives have attempted to garner
attention for chronic kidney disease by emphasizing that CKD is “Common, Harmful, and
Treatable.”1 In the US, as many as 26 million adults may have CKD, an increase from
approximately 10% of the US adult population between 1988 and 1994 to over 13% just one
decade later.2, 3 Similar rates have been seen worldwide, with CKD prevalence of 13% in
Beijing, China4 and 16% in Australia.5 In the US, the dramatic rise in the prevalence of CKD
likely reflects similar increases in obesity and its sequelae – namely diabetes, hypertension and
cardiovascular disease.3 The prevalence of CKD, and its associated costs, are expected to
continue to increase.6

CKD is defined by either a reduced glomerular filtration rate (GFR <60 mL/min per 1.73m2)
or by evidence of kidney damage. Early stages of CKD manifest with only kidney damage in
the setting of overtly intact GFR; the most common marker of kidney damage is albumin in
the urine (Table 1). Stage 3 CKD is defined by GFR between 30 and 59 mL/min per 1.73m2

and is the stage at which clinical sequelae of CKD are often first appreciated. Stage 4 CKD is
defined by GFR of 15 to 29 mL/min per 1.73m2, and stage 5 by GFR <15 mL/min per
1.73m2 or requirement for kidney replacement therapy. Notably, only a small proportion of
people with CKD develop kidney failure; reflecting higher rates of cardiovascular disease and
cardiovascular risk factors, they often die prematurely of cardiovascular disease.

Chronic kidney disease is pernicious, often recognizable only by laboratory abnormalities until
its latest stages. The major causes of kidney disease and subsequent kidney failure in the US
are diabetes (accounting for 44.4% of incident cases of kidney failure in 2006) and hypertension
(accounting for 26.8%),7 both of which are increasingly common in an increasingly overweight
US population.8, 9 Conditions accounting for the remaining 29% include primary
glomerulopathies like focal glomerulosclerosis and IgA nephropathy, inherited conditions like
polycystic kidney disease, and autoimmune conditions like lupus. The major outcomes of CKD
include progression to kidney failure as well as the complications of decreased kidney function,
such as cardiovascular disease, anemia and bone disease. With the rising prevalence of diabetes
and hypertension, the incidences of both earlier stages of CKD as well as its associated
outcomes, including progression to kidney failure, are expected to rise.7

Harms associated with CKD include both those that impact the health of an individual as well
as those that impact society as a whole. The most obvious societal effect is the tremendous
financial cost and loss of productivity associated with kidney failure. While individuals with
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CKD can pose substantial expense to the healthcare system, those with end-stage renal disease
cost exponentially more. In the US, ESRD care accounted for $23 billion from Medicare alone
in 2006 – or 6.4% of the entire Medicare budget dedicated to less than 1% of Medicare
beneficiaries.7 These costs are likely unsustainable.

Fortunately, while CKD typically is not reversible, the rate of CKD progression and other
sequelae of CKD are often treatable. However, in order to treat CKD, it must first be recognized
by patients and providers. Therefore, substantial emphasis has been placed on developing
strategies to identify at-risk individuals in order to target screening and management strategies
to achieve the greatest benefit.10 The need for targeted screening reflects findings that universal
screening of the general US population, even with a test as simple as using a urine dipstick to
estimate proteinuria, is likely not cost-effective.11 For example, in the US in persons with
neither hypertension nor diabetes, the cost-effectiveness ratio for universal screening versus
no screening is extremely unfavorable ($282,818 USD per quality adjusted life year (QALY)
gained); however, if screening is directed to persons with hypertension, the ratio becomes
highly favorable ($18,621 per QALY).11 This benefit reflects the presence of relatively
inexpensive and safe medications to delay CKD progression, most notably angiotensin
converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs), as well as the
dramatic cost increase associated with kidney failure and dialysis compared to earlier stages
of CKD.

Accordingly, diagnosing CKD and initiating stage appropriate treatment can have substantial
benefits. As demonstrated in Figure 1, early treatment of CKD to reduce the rate of progression
of kidney disease can potentially double the amount of time to reach kidney failure. This is
particularly true in proteinuric kidney disease, as is often most often the case in diabetic
nephropathy, where urine protein excretion of greater than 1g per day is a powerful marker of
risk for progressive loss of kidney function.12 Renin-angiotensin-aldosterone system (RAAS)
blockade, most commonly with ACE inhibitors and ARBs, is central in preventing progressive
kidney function loss. This has been illustrated in several trials. The RENAAL Study
randomized 1513 individuals with proteinuric diabetic nephropathy and serum creatinine levels
between 1.3 and 3 mg/dL to losartan plus standard antihypertensive therapy versus placebo
plus standard antihypertensive therapy; the annualized median rate of decline in the treatment
arm was 4.4 ml/min per 1.73 m2 versus 5.2 ml/min per 1.73 m2 in the placebo group (P=0.01).
13 RENAAL followed up on earlier results from the Collaborative Study Group where 409
participants with type I diabetes and proteinuric diabetic nephropathy (mean baseline creatinine
clearance of approximately 80 mL/min) were randomized to captopril versus placebo; among
those receiving captopril, the annual decline in creatinine clearance was 11 ± 21% versus 17
± 20% in the placebo group (P = 0.03).14 These data were extrapolated into Figure 1, where
the effects of treating diabetic nephropathy on development of kidney failure are illustrated.
Based on the captopril data, in the absence of ACE inhibitor therapy and tight blood pressure
control, the rate of kidney function decline may be 10 mL/min per year or higher, while, in the
presence of blood pressure control and RAAS blockade, this can conceivably be dropped to
4–5 mL/min per year. Accordingly, an individual treated beginning at a GFR of 90 mL/min
per 1.73m2 could gain as much as 8 additional years without dialysis, while treatment beginning
at a GFR of 60 mL/min per 1.73m2 could result in a gain of as much as 5 years without dialysis.
Data from the AIPRD Study, evaluating the effects of ACE inhibitors on kidney function
decline in individuals with predominantly non-diabetic stage 3–4 CKD, support a similar
approach, again particularly true for individuals with more than 500mg to 1g of urine protein
excretion daily.15 The socioeconomic effects of ACE inhibitor use in patients at risk of kidney
failure can be dramatic; one study estimated the cost-effectiveness to Medicare of first-dollar
coverage of ACE inhibitors for beneficiaries with diabetes and demonstrated 0.23 QALYs
gained and $1606 (USD) saved per beneficiary.16
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People with CKD are also subject to additional risks, most notably a substantially increased
risk of cardiovascular disease and death. This is most marked in the dialysis population, where
the cardiovascular death risk for a 20 year-old receiving dialysis is identical to that of an 80
year-old in the general population.17 Even in earlier stages of CKD, there is a significantly
increased risk of cardiovascular disease, for both de novo and recurrent cardiovascular events.
18 This is particularly notable in African Americans, potentially reflecting longer duration or
greater severity of traditional cardiovascular disease risk factors like hypertension and diabetes,
decreased access to medical care, and/or decreased provision of primary and secondary
preventative interventions.19 Once these individuals are receiving dialysis therapies, attempts
to modify cardiovascular risk have largely been discouraging. This reflects several factors: 1)
there are multiple competing risk factors for mortality in dialysis patients and modification of
a single factor may have a limited impact on overall risk; 2) dialysis patients have been excluded
from general population studies of cardiovascular interventions; and 3) few adequately
powered trials have been conducted examining risk factor modification in dialysis patients.
Illustrating these points are the German Diabetes and Dialysis Study (4D) and AURORA, the
largest randomized medication trials in hemodialysis. 4D evaluated atorvastatin versus placebo
in 1255 German hemodialysis patients with diabetes and mean LDL cholesterol level of 126
mg/dL and found no statistically significant effect of atorvastatin on the composite primary
end point of cardiovascular death, nonfatal myocardial infarction, and stroke.20 Similarly,
AURORA examined rosuvastatin in 2776 hemodialysis patients and found no significant
difference in the primary composite endpoint of time to cardiovascular death, nonfatal
myocardial infarction, or stroke.21 However, it should be noted that individuals with earlier
stages of CKD who were included in general population trials of lipid lowering medications
generally did gain benefit, particularly in reducing cardiovascular outcomes.22 In sum, these
data suggest that intervention needs to be focused on patients with earlier stages of CKD,
supporting earlier recognition of kidney disease in at-risk populations.

Aside from slowing the rate of progression, perhaps the most important intervention that can
occur in patients with CKD is planning for kidney failure. Multiple studies have shown that
early referral to a nephrologist (more than 3–4 months prior to needing kidney replacement
therapy) is associated with better health outcomes.23–25 This also is reflected in socioeconomic
costs. Earlier referral allows time for careful consideration of and planning kidney replacement
modality (hemodialysis, peritoneal dialysis, preemptive transplantation) and creation of
hemodialysis access prior to need should that modality be selected.

In conclusion, CKD is a major and growing public health issue of considerable socioeconomic
and medical importance. Although more adequately powered and well-designed studies are
urgently needed to explore interventions to optimally manage kidney disease, including
pharmaceutical combinations, varying blood pressure targets, and non-pharmacologic
interventions, either individually or in concert, CKD is a treatable condition. Critically, with
appropriate recognition and screening of high risk individuals, targeted therapy to slow
progression and treat complications before the onset of kidney failure, and adequate planning
for kidney failure as it approaches, the individual and societal impacts of CKD can be lessened.
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Figure 1.
Concept diagram illustrating the effect of altering the rate of kidney disease progression in
individuals with CKD. The base cases are patients with diabetic nephropathy, where the rate
of GFR decline may be 10 mL/min per 1.73m2 annually in the absence of treatment but can
be slowed to 5 mL/min per 1.73m2 annually with treatment. Two hypothetical patients are
presented – one whose diabetic kidney disease was detected at a GFR of 90 and the other whose
diabetic kidney disease was detected at a GFR of 60 mL/min per 1.73m2. The light blue line
illustrates expected age related decline in older individuals with normal kidney function.
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