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The number of people with kidney failure needing dialysis
is expected to double by 2010 to 630,000 at a projected cost of
28.3 billion dollars annually.1,2 The personal and societal costs
are enormous. The crisis is that CKD is under-diagnosed,
under-treated, and its relationship to cardiovascular disease is
under-recognized. If diagnosed and treated early, progression to
renal failure can often be slowed or halted. The clinical labora-
tory holds the key to early detection. Serum creatinine alone as a
marker of renal function may underestimate the severity of
CKD. This article will discuss a significant laboratory test for the
early detection of chronic kidney disease—the calculated
glomerular filtration rate (GFR). The GFR is the best overall
indicator of kidney function.

Risk Factors for CKD

Well-known risk factors for CKD include hypertension and
diabetes.1 Other risk factors include autoimmune disease such as
lupus, urinary tract and systemic infections, urinary stones,
lower urinary tract obstruction, and some drugs. Once CKD has
begun, poor glycemic control and smoking may hasten its pro-
gression.

Primary care providers often overlook the importance of
screening for a family history of CKD. First degree relatives of
those with kidney failure are at especially high risk for CKD and
should be routinely screened.3

Chronic kidney disease is more common in the elderly, af-
fecting 1 in 4 people over the age of 65. African Americans have
a 4 times greater risk of developing kidney failure than
Caucasians. Latinos, Native Americans, and Asian/Pacific
Islanders are also at increased risk. 

Why Does Early Diagnosis of CKD Matter?

The major outcomes of CKD include progression to renal
failure, complications of decreased kidney function and cardio-
vascular disease (CVD). There is ever increasing evidence and
acceptance of CKD as a major CVD risk factor. An American
Heart Association statement published in 2003 recommended
that patients with chronic kidney disease be considered as mem-
bers of the “highest risk group” for subsequent CVD. Several

large prospective studies have shown that CVD risk is independ-
ently associated with laboratory markers of CKD including ele-
vated serum creatinine, low GFR and microalbuminuria.4,5

In February 2002, the Kidney Disease Outcome Quality
Initiative (K/DOQI) of the National Kidney Foundation pub-
lished clinical practice guidelines on chronic kidney disease.1

The goals of the working group were to define CKD and clas-
sify its stages regardless of the underlying cause, to evaluate
laboratory tests for assessment of CKD, to associate the level of
kidney function with the complications of chronic kidney dis-
ease and to give a risk stratification for stages of CKD and car-
diovascular risk.

Chronic kidney disease definitions as well as clinical prac-
tice and staging guidelines were developed as part of the
National Kidney Foundation’s (NKF) Kidney Disease Outcomes
Quality Initiative (K/DOQI). They can be found at www.kid-
ney.org/professionals/kdoqi/guidelines. The screening process is
not difficult or expensive and includes:

• Basic metabolic profile.
• Calculated GFR.
• Urinalysis.
• Albumin and/or protein to creatinine ratio on a spot

untimed urine sample.
Patients no longer have to collect 24-hour urine samples

for a creatinine clearance test. With the laboratory data
above, patients can be appropriately placed into 1 of the 5
stages of CKD (Table 1). If diagnosed at an early stage and
treated appropriately, progression to renal failure can be
slowed or halted.

Why You Need the GFR to Diagnose CKD
Reporting of estimated GFR is recommended by the Na-

tional Kidney Foundation for use in recognition, treatment,
and prevention of chronic kidney disease. It is considered the
best overall indicator of kidney function. Serum creatinine
alone fails to identify many patients whose kidney function is
reduced. For example, an elderly person could lose half of
their kidney function before serum creatinine rises above the
normal range.
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Abstract
Chronic kidney disease (CKD) is a worldwide
public health problem. In the United States,

the prevalence and incidence of kidney failure
are rising. Costs are high and outcomes are
poor. According to the National Kidney

Foundation, 1 in every 9 adults or approxi-
mately 20 million Americans has CKD and
most do not know it.
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The estimated GFR is derived from a prediction equation
that takes other things besides the patient’s creatinine into ac-
count. The equation uses a patient’s age, gender, race, and
weight. These factors correlate with muscle mass which deter-
mines the serum creatinine level. The estimated GFR is a more
accurate predictor of kidney function because it accounts for
these expected differences in muscle mass.

A persistently reduced GFR <60 mL/min/1.73 m2 signifies
possible chronic kidney disease. The GFR is at its peak of approxi-
mately 125 mL/min/1.73 m2 in young adults between 20 to 30
years of age. When 50% of kidney function is lost and the GFR is
persistently less than 60, complications of CKD set in. The new
definition for CKD defines CKD as either GFR less than 60
mL/min/1.73 m2 or the presence of a marker of kidney damage
such as microalbuminuria for greater than 3 months. Thus, know-
ing the level of GFR is important for making a diagnosis of CKD.1

The MDRD Formula for Calculation of the GFR
The Modification of Diet in Renal Disease (MDRD) study

was a multicenter, controlled trial that evaluated the effect of
dietary protein restriction and strict blood pressure control on
the progression of renal disease.6 During the baseline period,
serum creatinine and several variables were measured in 1,628
patients with chronic renal disease. The objective was to develop
an equation that would predict GFR.

From this study, it was determined that older age and fe-
male sex were independent predictors of GFR, reflecting the
well-known relation of age and sex to muscle mass. GFR was
further adjusted for body surface area so that neither height
nor weight was an independent predictor of adjusted GFR.
African American ethnicity was an independent predictor of
higher GFR as on average, black persons have greater muscle
mass than whites. 

The final MDRD Study prediction equation for GFR is as
follows with Pcr being serum or plasma creatinine in mg/dL:

GFR (mL/min/1.73 m2) = 186 x (Pcr )-1.154 x (age)-0.203 x
(0.742 if female) x (1.210 if African American)

The GFR is expressed in mL/min/1.73m2

There are some limitations of this calculated GFR. It may
not be accurate if kidney function is fluctuating and not in a

steady state or in cases where muscle mass is abnormal. The
GFR estimate may be inaccurate in extremes of age and in pa-
tients with severe malnutrition or obesity, paraplegia or quadri-
plegia, and in pregnant women. The MDRD equation is
inaccurate for patients on drugs and with conditions that inter-
fere with creatinine secretion (for example, cimetidine or
trimethoprim) or creatinine assay (for example, diabetic ketoaci-
dosis or administration of certain cepahlosporins). In these cases,
a 24-hour creatinine clearance may be necessary to accurately
estimate kidney function.6

Reporting of GFR in Your LIS
The estimated GFR is calculated. More and more institu-

tions across the country are beginning to report a GFR on pa-
tients age 18 and older with every serum creatinine ordered as a
single test or in combination with basic and comprehensive
metabolic profiles and renal profiles. The GFR calculation can
be programmed into most laboratory information systems.  

In our institution, we report 2 values; 1 for non-African-
Americans and 1 for African Americans. As recommended by
the National Kidney Foundation, we report values above 60
mL/min/1.73m2 merely as greater than 60 mL/min/1.73m2

and not as an exact number. The reasons for this include that
the MDRD equation has been most extensively evaluated in
patients with some degree of renal insufficiency. Inter-labora-
tory differences in calibration of the creatinine assay have their
greatest impact in the near normal range. Lastly, quantifica-
tion of GFR below 60 mL/min/1.73m2 has more clinical im-
plications than above that level.  

As this value is calculated, it does not generate a CPT code
or charge in the system and thus can be added to profiles such as
the basic metabolic and comprehensive metabolic profile. In our
system, this test cannot be ordered. It is automatically appended
to every serum creatinine reported on patients 18 years of age
and older, similar to the INR reported with prothrombin times. 

Preventing Progression of CKD
If recognized in its early stages, chronic kidney disease can

be treated and progression to renal failure slowed or prevented.
For example, if a patient with diabetes is found to have a
reduced GFR of 49 at an annual examination, that patient’s

Table 1_Classification of CKD and Action Plan

GFR (mL/min/
CKD Stage Description 1.73 m2 Action*

At increased risk Risk factors for CKD are present but without > 90 Periodically test for CKD; treat modifiable risk factors for CKD
markers of kidney damage

1 Kidney damage with normal or increased GFR > 90 Diagnose and treat type of kidney disease; treat co-morbid conditions; slow 
progression of CKD; treat modifiable CVD risk factors; periodically restage

2 Kidney damage with mild reduction of GFR 60-89 Adjust drug dosages for level of GFR
3 Moderate reduction of GFR 30-59 Evaluate for and treat complications of CKD; avoid nephrotoxic drugs
4 Severe reduction of GFR 15-29 Prepare for kidney replacement therapy
5 Kidney failure < 15 Start kidney replacement therapy when uremia present

(or on dialysis)

KEY: CKD: Chronic kidney disease; GFR: Glomerular filtration rate; 
CVD: Cardiovascular disease
*includes actions from preceding stages D
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primary care physician can and should take steps to treat the
early chronic kidney disease.1 These include:

• Prescribing ACE inhibitors or angiotensin receptor blockers.
• Aggressively controlling of blood pressure.
• Advising tight glycemic control in people with diabetes.
• Providing referral for dietary counseling (Medicare will pay

for nutrition counseling in CKD).
• Monitoring and treating cardiovascular risk factors,

particularly smoking and high cholesterol.
• Consulting a nephrologist, especially if the GFR is <30

mL/min/1.73 m2.

Introduction of the GFR to Your Medical Staff 
The Memorial Healthcare System consists of 5 hospitals and

a network of urgent care and primary care centers serving South
Broward County in Florida. We made a decision to begin report-
ing the GFR with every serum creatinine ordered and reported
on patients age 18 and older. The nephrologists welcomed this
test. However, as many other physicians in our system were not
familiar with the GFR, we undertook an extensive educational
effort. This consisted of meetings and presentations for the pri-
mary care physicians, a laboratory bulletin detailing the test and
an article for the physician newsletter. Table tents placed in all the
physician dining rooms explained the GFR and its use and signif-
icance. We educated our own laboratory technologists on the
importance and significance of this test. 

A rather lengthy comment was appended in the LIS to the
GFR. This comment emphasized that the GFR is recommended
by the National Kidney Foundation for use in recognition, treat-
ment, and prevention of chronic kidney disease. It states that the
GFR is not intended for use in renal-dosing of medications or
dosing adjustments of radiocontrast dye without patient specific
correction for height and weight. Our next step will be to
shorten or eliminate this comment as the GFR has now gained
recognition and understanding by our physicians and nurses.  

Other Markers of CKD: Microalbuminuria 
and Cystatin C

Albumin in the urine is bad for your patients. Even a small
amount of albumin in the urine (microalbuminuria) is a more
robust marker for the development of cardiovascular disease,
diabetes, and kidney disease than either elevated blood pressure
or cholesterol. Microalbuminuria is now widely acknowledged as
an independent predictor and risk marker for diabetes, stroke,
myocardial infarction, kidney failure, and death. The number of
people with diabetes has tripled since 1981, and the number of
people with diabetes in the world is expected to double by 2020.
Diabetes is one of the main causes of chronic kidney disease and
this is being driven by proteinuria and albuminuria. 

In a position statement published in 2003, the National
Kidney Foundation and the National Institute of Diabetes and
Digestive and Kidney Diseases recommend a spot, untimed urine
specimen be used for measurement of urinary albumin. Using the
ratio of urine albumin to urine creatinine, microalbuminuria is
defined as a level of 30-300 mg albumin/g creatinine. 7

A test for microalbuminuria should be performed at diag-
nosis in patients with type 2 diabetes. As microalbuminuria
rarely occurs with short duration of type 1 diabetes, screening in
these individuals should begin after 5 years disease duration. The
American Diabetes Association recommends screening diabetics
for microalbuminuria 3 times within a 3- to 6-month period.
Two of three should show elevated levels before designating a
patient as having microalbuminuria as there is day-to-day vari-
ability in albumin excretion. Other patients at risk for chronic
kidney disease should be screened for microalbuminuria annu-
ally as part of their regular health examination. Measurement of
kidney function by either GFR or creatinine clearance is essen-
tial once albuminuria is discovered.

Another test is cystatin C. This is a single chain, non-glyco-
sylated basic protein synthesized by all nucleated cells of the
body. It is produced at a constant rate and is cleared by glomeru-
lar filtration. It has many characteristics of an ideal marker of
GFR. Unlike creatinine, blood levels of cystatin C are less influ-
enced by gender, age, race, or lean muscle mass. For some years,
no automated assays were available. Now, rapid immunoassays
of serum cystatin C are available and thus this test may come
into more widespread clinical usage.8

Summary
Chronic kidney disease is an ever growing epidemic and a

major risk factor for cardiovascular disease. The National Kidney
Foundation has recommended that all laboratories begin report-
ing a calculated GFR using the MDRD formula. By doing so,
the laboratory provides key information for the early recognition,
treatment and prevention of CKD. The formula can be
programmed into your LIS with automatic calculation and re-
porting of a GFR with every serum creatinine measured in adult
patients. LM
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