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Clin Biochem Rev. Aug 2003; 24(3): 95-598. PMCID: PMC1853341

The National Kidney Foundation Guideline on Estimation of
the Glomerular Filtration Rate

Reviewed by Graham RD Jones and Ee-Mun Lim.

Author information & Copyright and License information -

Abbreviated MDRD Study equation (demographic variables only):

- i ] = s : ] 1,154
GFR (mL/s per 1.73 m ) = 3.1 x [(serum creatinine in mmol/L) x 11.3]

X [Age in years] x [0.742 if patient is female] x [1.212 if patient is African-American]

Note 1: Serum creatinine (mmol’L) x 11.3 = sernm creatinine (mg/dL)

Note 2: Multiply results by 60 to give results in mL/min.



TABLE 280-2 Recommended Equations for

Estimation of Glomerular Filtration

Rate (GFR) Using Serum Creatinine
Concentration (P_), Age, Sex, Race,
and Body Weight

. Equation from the Modification of Diet in Renal Disease study”
Estimated GFR (mL/min per 1.73 m?) = 1.86 x (P,)"'>* x (age) **
Multiply by 0.742 for women

Multiply by 1.21 for African Americans

. CocKkcroft-Gault equation
Estimated creatinine clearance (mL/min)
_ (140-age) x body weight (kg)

72 X P, (mg/dL)

Multiply by 0.85 for women

Equation is available in hand-held calculators and in tabular form.
Source: Adapted from AS Levey et al: Am J Kidney Dis 39: S1, 2002, with permission.




TABLE 280-1 Classification of Chronic Kidney

Disease (CKD)

OO —=O

AWith risk factors for CKD (see text).

Aith demonstrated kidney damage (e.g., persistent proteinuria, abnormal urine sedi-

GFR, mL/min per 1.73 m?

>90?
>90°
60-89
30-59
15-29
<15

ment, abnormal blood and urine chemistry, abnormal imaging studies).
Abbreviation: GFR, glomerular filtration rate.

Source: Modified from National Kidney Foundation. K/DOQI Clinical Practice
Guidelines for Chronic Kidney Disease: Evaluation, classification and stratification.

Am J Kidney Dis 39:suppl 1, 2002.
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TABLE 280-1 Classification of Chronic Kidney
Disease (CKD)

| Stage GFR, mL/min per 1.73 m?

>90?
>90°
60-89
30-59
15-29
<15

OO, W = 0O

AWith risk factors for CKD (see text).

AWith demonstrated kidney damage (e.g., persistent proteinuria, abnormal urine sedi-
ment, abnormal blood and urine chemistry, abnormal imaging studies).
Abbreviation: GFR, glomerular filtration rate.

Source: Modified from National Kidney Foundation. K/DOQI Clinical Practice
Guidelines for Chronic Kidney Disease: Evaluation, classification and stratification.
Am J Kidney Dis 39:suppl 1, 2002.
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Renal Complications of Diabetes
Mellitus

Introduction

® Diabetic nephropathy is the leading cause of
ESRD in the United States

Mareoivs




Renal Complications of Diabetes
Mellitus

® Because only 20—40% of patients with diabetes
develop diabetic nephropathy.

® Additional susceptibility factors remain
unidentified. One known risk factor is a family
history of diabetic nephropathy.

® Smoking accelerates the decline in renal
function.



Renal Complications of Diabetes
Mellitus

The natural history of diabetic nephropathy

In DM type 1

® Glomerular hyperperfusion and renal hypertrophy
occur in the first years after the onset of DM and
are associated with an increase of the GFR.



Renal Complications of Diabetes
Mellitus

® During the first 5 years of DM, thickening of the
glomerular basement membrane, glomerular
hypertrophy, and mesangial volume expansion
occur as the GFR returns to normal.



Renal Complications of Diabetes
Mellitus

® After 5—10 years of type 1 DM, ~40% of
individuals begin to excrete small amounts
of albumin in the urine.

**Microalbuminuria is defined as
30—299 mg/d in a 24-h collection or

30—299 g/mg creatinine in a spot collection (preferred method)



Renal Complications of Diabetes
Mellitus

® Although the appearance of microalbuminuria
in type 1 DM is an important risk factor for
progression to macroalbuminuria (>300 mg/d or >
300 ug/mg creatinine), only ~50% of individuals
progress to macroalbuminuria over the next 10
years.

® Some individuals with type 1 diabetes and

microalbuminuria of short duration, the
microalbuminuria regresses.



Renal Complications of Diabetes
Mellitus

® Once macroalbuminuria is present,

there is a steady decline in GFR, and ~50% of
individuals reach ESRD in 7—10 years.

® Once macroalbuminuria develops, blood
pressure rises slightly and the pathologic
changes are likely irreversible.



Renal Complications of Diabetes
Mellitus

Time from onset -
of diabetes, years 0 3 5 10 15 20 05
Microalbuminuria  Gross proteinuria

T | \\\\\\\\\\\\\|\\\\\\\\\\\\\

GFR, mL/min 120 150 150 120 60 <10
Serum creatinine, mg/dL 1.0 08 08 1.0 =2.0 >5

Source: Longo DL, Fauci AS, Kasper DL, Hauser 5L, Jameson JL, Loscalzo 1: Harrison's
Principles of Internal Medicine, 18th Edition: www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

Time course of development of diabetic nephropathy. The relationship of time from onset of diabetes, the glomerular filtration rate (GFR), and the serum
creatinine are shown. (Adapted from RA DeFranzo, in Therapy for Diabetes Mellitus and Related Disorders, 3rd ed. American Diabetes Association, Alexandria
VA 1998




Renal Complications of Diabetes
Mellitus

In DM type 2

® The nephropathy that develops in type 2 DM
differs from that of type 1 DM in the following
respects:

(1) microalbuminuria or macroalbuminuria may

be present when type 2 DM is diagnosed,

reflecting its long asymptomatic period;




Renal Complications of Diabetes
Mellitus

(2) hypertension more commonly accompanies

microalbuminuria or macroalbuminuria in type 2
DM

(3) microalbuminuria may be less predictive of
diabetic nephropathy and progression to
macroalbuminuria in type 2 DM.



Renal Complications of Diabetes
Mellitus

Treatment: Diabetic Nephropathy

® The optimal prevention for diabetic nephropathy is
“Early detection of microalbuminuria.”



Renal Complications of Diabetes
Mellitus

® Screening for microalbuminuria should be
performed

- in patients with type 1 diabetes for =5 years
- in patients with type 2 diabetes

- during pregnancy



Annually

@ Test for microalbuminuria
—~  (spot collection)

|®

Exclude conditions that
transiently increase
albumin excretion

v

Repeat microalbuminuria
test within 3-6 month

period
v

Two of three ‘@
microalbuminuria tests Begin treatment

positive

Source: Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson JL, Loscalzo ): Harrison’s
Principles of Internal Medicine, 18th Edition: www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



Renal Complications of Diabetes
Mellitus

**Non-diabetes-related conditions that might
increase microalbuminuria are

-urinary tract infection
-hematuria
-heart failure

-febrile illness

-Vigorous exercise



Renal Complications of Diabetes
Mellitus

® Interventions effective in slowing progression from
microalbuminuria to macroalbuminuria include :

(1) normalization of glycemia.

(2) strict blood pressure control.

(3) administration of ACE inhibitors or ARB:s.
(4) Dyslipidemia should also be treated.



Renal Complications of Diabetes
Mellitus

(1) normalization of glycemia.

® Improved glycemic control reduces the rate at
which microalbuminuria appears and progresses
in type 1 and type 2 DM.

® However, once macroalbuminuria exists, it is

unclear whether improved glycemic control will
slow progression of renal disease.



Renal Complications of Diabetes
Mellitus

(2) strict blood pressure control.

® Numerous studies in both type 1 and type 2 DM
demonstrate the effectiveness of strict blood
pressure control in reducing albumin excretion
and slowing the decline in renal function.

® Blood pressure should be maintained at <130/80
mmHg in diabetic individuals.


http://accessmedicine.mhmedical.com.cuml1.md.chula.ac.th/drugs.aspx?globalId=5576

Renal Complications of Diabetes
Mellitus

(3) administration of ACE inhibitors or ARBs.

® Either ACE inhibitors or ARBs should be used to
reduce the progression from microalbuminuria to

macroalbuminuria and the associated decline in
GFR.



Renal Complications of Diabetes
Mellitus

® 2-3 months of therapy in patients with
microalbuminuria, the drug dose is increased

until either the microalbuminuria disappears or
the maximum dose is reached.



Renal Complications of Diabetes
Mellitus

® If use of either ACE inhibitors or ARBs is not
possible or the blood pressure is not controlled,
then calcium channel blockers (non-
dihydropyridine class), beta blockers, or diuretics
should be used.

® However, their efficacy in slowing the fall in the
GFRis not proven.



Renal Complications of Diabetes
Mellitus

® The ADA suggests modest restriction of
protein  intake in  diabetic individuals
with microalbuminuria (0.8—1.0 g/kg per day) or

macroalbuminuria (<0.8 g/kg per day)
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