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he kidneys are two bean-shaped, fist-sized organs located near the middle
of thebackbelow the rib cage.Daily, these small organs filter approximately200
quartsof blood to remove2quartsofwasteproducts andextrawater.1Thewaste
that is removed is what remains after the body processes food and liquids for

energyand repair. Extrawater andwasteproducts fromthebloodbecomeurine,which
flows through tubes called ureters into the bladder for storage. Ineffective removal of
wasteproducts can lead towasteproductbuild-up in thebloodandcausedamage to the
kidneysandotherorgans.Thekidneysalsoproducehormones thathelpmake redblood
cells, regulatebloodpressure,maintaincalciumforbones, and regulatenormal chemical
balance in the body.

The ability of the kidneys to perform their work is referred to as kidney function.1Most
people are born with two healthy kidneys; however, people do not need two healthy
kidneys to leadnormal lives.Somepeoplearebornwithonlyonekidneyand livenormal
lives.Othersdonateakidney toaperson inneedandstill haveadequatekidney function.
Asmalldecrease inkidney functionmaynot causeaproblem.Amoresignificantdecline
in kidney function, however, can lead to serious consequences.

Somepeopledevelopacutekidneydiseases thatcanbecuredwith theirkidneysreturning
to normal function. Others develop chronic kidney disease (CKD), which persists and
worsens over time. Serious medical problems arise when kidney function falls below
25%ofnormalkidney functioning.1Peoplewith less than15%of functionareconsidered
to have kidney failure and need therapy to sustain their lives. This therapy may be in
the formof dialysis or kidney transplant.

Risk Factors
Some people have clinical or sociodemographic risks that increase their likelihood of
developingCKD.2Forexample,peoplewithdiabetes,highbloodpressure(hypertension),
cardiovasculardisease, anautoimmunedisease (eg, lupus), systemic infections,urinary
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tract infections, urinary stones, lower urinary tract obstruction, cancer, a family history of CKD,
a history of acute kidney failure, decreased kidney size, exposure to drugs toxic to the kidneys, or
lowbirthweight areat increased riskofdevelopingCKD.2,3 Similarly, peoplewhoareolder adults,
have low incomesor loweducational achievement, or havehad exposure to certain chemical and
environmental conditions are in higher risk categories. Although some studies indicate certain
racial andethnicminorities (AfricanAmerican,NativeAmerican,Hispanic/Latino, andAsianor
Pacific Islander) have a higher prevalence of CKD, other studies suggest otherwise.4-6One study
reported “metabolic abnormalities were more common in minority populations, and low GFR
appeared to have a multiplicative effect. Defining CKD using a single GFR threshold may be
disadvantageous forminoritypopulationsbecausemetabolic abnormalities arepresent at higher
levels of GFR.”7 Other risk factors for CKD include male gender, obesity, high protein intake,
anemia, anddyslipidemia (abnormal levelsof cholesterol, LDL,and triglycerides).3Largenumbers
of peoplehaveoneormoreof these risk factors, placing thematgreater riskof developing chronic
kidney disease. In the 2006 Behavioral Risk Factor Surveillance Survey, 9.1% of North Carolina
adults reported being told they had diabetes, and 9.3% had a history of cardiovascular disease.8

Of thesedifferent risk factors, diabetes, hypertension, and cardiovascular diseases are considered
to be the primary risk factors that increase a person’s likelihood of developing CKD.

Measuring,Defining, andStagingOf ChronicKidneyDisease
Thereareseveral tests thatmaybeperformedtomeasurekidneyfunction.Ahealthcareprofessional
may use a urine dipstick to test for protein in the urine, referred to as proteinuria, thatmay result
from decreased kidney function.9 Proteinuria, however, can also be caused by other conditions
such as cardiovascular disease, diabetes, hypertension, andother formsof kidneydisease, so the
urine dipstick is not considered the best test of kidney function.10 Albumin is the protein most
likely to be found in the urine if there is a problemwith kidney function, and a very small amount
of this protein in the urine, calledmicroalbuminuria, is one of the first signs of kidney disease.11

Aurine test for this proteinmay be performed on peoplewith an increased risk for CKD.

Amore specific test for kidney function ismeasurement of creatinine.Creatinine is awaste product
in the blood that comes frommuscle activity. It is normally removed by the kidneys, but people
have increased creatinine levels when kidney function declines. The glomerular filtration rate
(GFR), a calculation of how efficiently the kidneys filter waste from the blood, can be calculated
by analyzing all of a person’s urine over a 24-hour period. An estimated glomerular filtration rate
(eGFR)canbecalculatedbyanalyzingaperson’sblood for serumcreatinine.10Theblood is tested
in a laboratory to determine how many milligrams of creatinine are in one deciliter of blood
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(mg/dL).Thecreatininemeasure is thenconverted toanestimatedglomerular filtration rateusing
age, gender, and race.a Given the relative convenienceof theblood test approachand the reliability
of the eGFR, this test is widely accepted as the best overallmeasure of kidney function.

The National Kidney Foundation (NKF) convened panels of experts to review the current
evidenceonkidneydiseaseanddialysis in adult patients.12 Aseparateworkgroupwas convened
to study pediatric kidney disease and dialysis. In 1997, the workgroups published the Dialysis
OutcomesQuality Initiative (DOQI) guidelines. In 1999, theNKF focused its attentiononearlier
kidney disease and developed staging of chronic kidney disease as well as clinical treatment
guidelines. The Kidney Disease Outcomes Quality Initiative (KDOQI) was the product of their
work.

The KDOQI guidelines define chronic kidney disease as either kidney damage or glomerular
filtration rates less than60 formore than 3months.2 Based on glomerular filtration rates (GFR),
KDOQI guidelines classify people into one of five stages of CKD that range from kidney damage
with normal or elevated GFR to kidney failure.b People with increased risk for CKD who have
GFRvaluesgreater than90canbeclassifiedaspre-CKD.Stage1CKDisdescribedaskidneydamage
with GFR values greater than or equal to 90. Kidney function steadily declines until Stage 5,
kidney failure. Kidney failure includes patients who may or may not be treated with dialysis or
transplantation.13 In contrast, the term “end-stage kidney disease” (ESKD) includes only those
individualswith kidney failurewhohavehadakidney transplant orwhoare undergoingdialysis.

Using the national prevalence estimates of kidney functioning, the University of North Carolina
atChapelHill (UNC)KidneyCenterwasable to estimate thenumberof people inNorthCarolina
at each stage of CKD.14 In total, UNC estimated that there were 941,770 North Carolinians with
non-ESKDCKD(Stages 1–4).According to theUnitedStatesRenalDataSystem(USRDS),more
than11000people inNorthCarolinasuffer fromESKD.Thenumbersofnewcasesandpeople living
with ESKD have steadily increased since 1994, and the state is higher than the national average.
Table 2.1 lists the different stages of chronic kidney disease, the estimated national prevalence of
the disease, and the estimated number of people inNorth Carolina at each stage of the disease.
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a Themost commonly used equations to estimate glomerular filtration rate are theModification of Diet in Renal Disease
(MDRD) study equation and the Cockcroft-Gault (CG) equation. TheMDRDequation estimates eGFR using creatinine
value, age, race, and gender, while the CG equation uses creatinine value, age, gender, andweight. TheMDRDequation is
validated for values <60 in adults. 22

b The level ofGFRmayvary bypatient. Someprogress through stagesmore quicklywhile others nevermovepast an intermediate
stage. Thehealth care providerwill consider the specific risk factors of eachpatient to determine a treatment plan.



Despite the largenumberof people livingwithCKD, there is anoverall lackof knowledgeabout the
disease even among people who have CKD. Nationally, only about 25% of Americans diagnosed
with CKD reported awareness about weak or failing kidneys.5 Among the general population,
there is even less awareness. Preliminary data fromaUNCKidneyCenter study shows that people
do not know the risk factors for CKD and associate the factors with unrelated behaviors.15 A
telephone surveywas conductedamongNorthCarolina citizens in three counties targetedby the
UNCKidney Education Outreach Program (KEOP). Respondents were provided a list of several
items and were asked whether each was a risk factor for kidney disease. The most popular
responses for risk factors were not drinking enough water and drinking dark sodas, although
neither is directly related to CKD. In addition, many people in the state who have CKD do not
receive treatment for the condition until the disease is in the advanced stages.According to 2003
NorthCarolinaMedicaiddata, only 30%ofMedicaid recipientswhopresented in the emergency
departmentwith acute kidneyepisodeshad receivedkidney-related treatment fromahealth care
professional within the past 60 days.16 Furthermore, nationally over one-quarter of patients
admitted to the hospital for dialysis enter through the emergency department, suggesting that
the patientmay not have been seeing a health care provider regularly.17
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Table2.1.
FiveStages ofChronicKidneyDisease

Stage Description GFR (mLper US EstimatedNC Estimated
minute per prevalence, prevalence (see number of
1.73m2) percentage AppendixA) North Carolinians

of affected with CKDby stage
patients (%)4

— At increased risk NoCKDvia Unknown 25.3% 1,636,629
for chronic KDOQI
kidney disease staging, but

with risk
factors for
chronic kidney
disease

1 Kidney damage ≥90 1.8% 1.8% 110,000
with normal or
elevatedGFR

2 Kidney damage 60 to 89 3.2% 3.4% 208,000
withmildly
decreasedGFR

3 Moderately 30 to 59 7.7% 8.1% 503,000
decreasedGFR

4 Severely
decreasedGFR 15 to 29 0.4% 0.4% 27,000

5 Kidney failure <15 0.1% — >11,000
(or dialysis)
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Complications
Ifnotcontrolled,CKDcanleadtorapidlydeterioratingkidney function.Askidney functiondeclines,
patientsdevelopcomplications related to fluidoverload, chemical imbalance, andwastebuildup.18

These problemsmay lead to high blood pressure, high blood sugar, high lipid levels, anemia, and
bonedisease. PatientswithCKDshould receive evaluationand treatment for these complications
includingroutinebloodsugarandbloodpressure testing.Figure2.1 showsasampleof GFRdecline
based on published estimates of average decline and two theoretical interventions including an
early intervention that prevents diabetes and a late intervention that prevents proteinuria.

Most patients with CKD do not die from kidney failure. Rather, the decreased kidney function
leads to failure of other organs. CKDpatients aremore likely to die fromcomorbidities of kidney
disease than to progress to ESKD.19 As GFR decreases, the rates of cardiovascular events,
hospitalizations, anddeath increase substantially.20Dialysispatients are5 to30 timesmore likely
to die fromcardiovascular disease than are people from the general populationwhoare the same
age, race, and gender. Cardiovascular disease is the leading cause of death both for patients on
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Figure2.1.
Sample eGFRDecline

Source: NC Institute ofMedicine calculations based on sampleGFR decline values presented in Table 3 of Boulware et al,
JAMA, 2003. Assumptions: Early intervention prevents onset of diabetes at age 40, patientwould develop proteinuria at
onset of Stage 3 unless he receives late intervention.
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dialysis andpeoplewith chronic kidneydisease. The risk of death increases sharply as estimated
GFR declines even after adjusting for differences in socioeconomic status, prior cardiovascular
disease, prior hospitalization, diabetes, hypertension, abnormal lipid levels, lungor liver disease,
cancer, dementia, proteinuria, and dialysis.21

Althoughkidney failure isnot themostcommoncauseofdeath forpeoplewithCKD, it isnonetheless
a common cause of death. Death from kidney failure occurs more frequently than death from
many of themost prevalent forms of cancer. (See figure 2.2.)

ClinicalGuidelines
Evidence-based clinical guidelines are established to provide standards to treat patients with
different health conditions. These guidelines change over time, and new ones are developed as
healthprofessionalsgathernewevidenceaboutwhat treatmentsworkbest fordifferentconditions.
TheKDOQIClinicalPracticeGuidelinesforChronicKidneyDisease:Evaluation,ClassificationandStratification
provides15recommendations forearly identificationandappropriate treatment to improvepatient
outcomes.2The KDOQI guidelines focus on assessment and classification of CKD, associations
betweenlevelofkidneyfunctionandcomplications,andriskforprogressionofthedisease.Guidelines
1-15 cover the following: (1) the definition and stages of chronic kidney disease; (2) evaluation
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Figure2.2.
Sample eGFRDecline

Data taken from2004 update toGloeckler RiesGA, ReichmanME, Riedel LewisD,Hankey BF, Edwards BK. Cancer survival
and incidence from the Surveillance, Epidemiology, and EndResults (SEER) Program. TheOncologist. 2003;8:541-552.
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and treatment; (3) individuals with increased risk for chronic kidney disease; (4) estimation of
GFR; (5) assessment of proteinuria; (6) markers of kidney damage other than proteinuria; (7)
highbloodpressure; (8)anemia; (9)malnutrition; (10)bonediseasesanddisordersof calciumand
phosphorus metabolism; (11) neuropathy; (12) functioning and well-being; (13) loss of kidney
function; (14) diabetic complications; and (15) cardiovascular disease. (See Appendix B for
complete KDOQI guidelines.)

The Task Force is supportive of all KDOQI guidelines but focused on those guidelines that
assisted indeveloping recommendations for identificationandscreeningofpeopleat risk forCKD
(Guidelines 3, 4, 5) and recommendations for appropriate treatmentplans for theprimaryhealth
problems that exacerbateCKD(Guidelines7, 14, 15). TheKDOQIevidence-basedguidelines that
the Task Force focused on can be summarized into the following categories.

� Testing.Some individualswithout kidneydamageandwithnormal or elevatedGFRareat
increased risk fordevelopmentof chronic kidneydisease.All individuals at increased risk
for CKD should be assessed using a spot urine sample as part of routine health
encounters to determinewhether they are at increased risk of developing chronic kidney
disease.c The recommended urine test varies based on clinical and sociodemographic
factors.d Individuals at increased risk of developing chronic kidney disease should
undergo testing to estimate kidney function. Individuals found to have chronic kidney
disease should be evaluated and treated. Individuals at increased risk but not found to
havechronickidneydisease, shouldbeadvised to followaprogramof risk factor reduction,
if appropriate, and undergo repeat periodic evaluation.

� Measuringkidneyfunction.Estimatesof GFRare thebestoverall indicesof the levelof kidney
function. The level of GFR should be estimated from prediction equations that take into
account the serum creatinine concentration and some or all of the following variables:
age, gender, race, and body size.e The serum creatinine concentration alone should not be
used toassess the levelof kidney function.Clinical laboratoriesshould reportanestimateof
GFRusingapredictionequationinadditiontoreportingtheserumcreatininemeasurement.f
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c The 1996 release of the United States Preventive Services Task Force recommended urinalysis only for individualswith
hypertension or diabetes but no longer has any recommendations related to proteinuria screening. KDOQI recommendations
acknowledge this difference but point out that broader screeningswill detect CKD earlier. [Guide to Clinical Preventive
Services, 2nd ed, 1996. Report of the US Preventive Services Task Force. Alexandria, VA: InternationalMedical Publishing;
1996. Accessed at http://www.ahrq.gov/clinic/cpsix.htm on 19May 2003] )

d It is usually not necessary to obtain a timed urine collection (overnight or 24-hour) for these evaluations.
e The following equations provide useful estimates of GFR: In adults, theModification of Diet in Renal Disease (MDRD) Study
andCockcroft-Gault equations, and in children, the Schwartz andCounahan-Barratt equations.

f Autoanalyzermanufacturers and clinical laboratories should calibrate serumcreatinine assays using an international standard.
Measurement of creatinine clearance using timed (for example, 24-hour) urine collections does not improve the estimate of
GFR over that provided by prediction equations. A 24-hour urine sample provides useful information for estimation of GFR
in individualswith exceptional dietary intake (eg, vegetarian diet, creatinine supplements) ormusclemass (eg, amputation,
malnutrition,musclewasting), assessment of diet and nutritional status, and the need to start dialysis.
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� Treatment of patients with high blood pressure.High blood pressure is both a cause and a
complication of chronic kidney disease. As a complication, high blood pressure may
develop early during the course of chronic kidney disease and is associatedwith adverse
outcomes—inparticular, faster lossof kidney function. Inaddition, patientswith chronic
kidneydisease—irrespective of diagnosis—have ahigh risk of developing cardiovascular
disease (CVD) including coronary heart disease, cerebrovascular disease, peripheral
vascular disease, and heart failure. Blood pressure should be closely monitored in all
patientswith chronic kidney disease. Treatment of high blood pressure in chronic kidney
disease should include a multifaceted approach. Target blood pressure levels should be
specified. Antihypertensive medicines should be given to prevent the progression of
kidneydiseaseand thedevelopmentof cardiovasculardisease. Specific examplesof these
medications include angiotensin-converting enzyme (ACE) inhibitors and angiotensin-2
receptorblockers(ARB).Finally, inadditiontomedication,other therapeutic interventions
should be used.

� Treatmentofpatientswithdiabetes.The riskof cardiovasculardisease, retinopathy, andother
diabetic complications is higher in diabetic patientswith kidney disease than in diabetic
patients without kidney disease. Prevention, detection, evaluation, and treatment of
diabetic complications in patients with chronic kidney disease should follow published
guidelinesandpositionstatements includingstrict glucosecontrol indiabetes.Guidelines
regarding angiotensin-converting enzyme inhibitors or angiotensin receptor blockers
and strict blood pressure control are particularly important since these agents may
preventordelay someof theadverseoutcomesof bothkidneyandcardiovascular disease.
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