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Abstract

Proteinuria is a marker of kidney damage and an important
risk factor for progression of chronic kidney disease as well
as cardiovascular morbidity and mortality. Albumin is the
principal component of proteinuria in glomerular disease.
The presence of persistent albumin in the urine is a clear
sign of glomerular abnormality. Microalbuminuria
describes the urinary excretion of small amounts of albumin
which identifies the very early stage of diabetic kidney
disease. The albumin creatinine ratio is the preferred
method of detecting microalbuminuria. There is strong
evidence that treatment in the early stages of chronic kidney
disease reduces progression of kidney damage. The levels
of proteinuria in both diabetic and non-diabetic kidney
disease at which management should be addressed have
been reviewed. This article also reviews the interventions
recommended for early stages of chronic kidney disease to
reduce the risk of progression to end stage kidney failure.
Angiotensin converting enzyme inhibitors and angiotensin
2 receptor blockers are more effective in reducing
proteinuria and retarding the progression of kidney disease
in comparison to other therapies which lower systemic
blood pressure to a similar degree. 
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Introduction

Persistent proteinuria usually indicates kidney disease and
is recognized as a risk factor for atherosclerosis with
cardiovascular morbidity and mortality1-3. Normally less
than 150 mg/day of protein appears in urine, and a
proportion of that is Tamm-Horsfall protein which is
secreted by the tubules1. Occasionally, proteinuria occurs
only during the day, and the first morning sample is

negative; such 'orthostatic proteinuria' is usually regarded
as benign. It is important to consider other causes of
increased albumin excretion. Relatively minor leakage of
albumin into the urine may occur transiently after vigorous
exercise, during fever or urinary tract infection, menstrual
contamination, vaginal discharge and in intercurrent illness4.
Tests should be repeated once the stimulus is no longer
present. Other causes include diabetic and non-diabetic
renal disease (including various forms of
glomerulonephritis), uncontrolled hypertension, heart
failure and pre-eclampsia during pregnancy5.

Dipstick test for urine albumin provides a simple semi-
quantitative test. The lower limit of detection for urinary
protein using dipsticks or reagent strips is 300 mg/L6. By
reagent strip a reading greater than 'trace' indicates
significant proteinuria6. However, urinary albumin excretion
(UAE) rates as low as 30 mg/day can be detected using
radioimmunoassay techniques6. The albumin: creatinine
ratio (ACR) is a useful surrogate marker for proteinuria and
is used instead of the 24 hour urine collection for
quantification of protein excretion. At significant levels of
glomerular dysfunction, albumin accounts for 70% of serum
protein, so ACR values are a little lower than comparable
protein: creatinine ratio (PCR) values1. Positive dipstick
tests should be confirmed in the laboratory by measuring
either the ACR or PCR preferably on an early morning urine
sample5. An early morning urine sample is preferred
because studies have shown that it correlates best with 24
hour protein excretion, and an early morning sample is
required for the diagnosis of orthostatic proteinuria5. Where
a first void specimen is not possible or practicable, a random
urine specimen is acceptable5, 7. The ACR or PCR in a
random urine specimen has replaced protein excretion in a
24 hour collection as the preferred method for measuring
proteinuria5, 8. Twenty four hour timed collections are more
burdensome and add little to prediction or accuracy4. For
low levels of proteinuria, ACR in preferred, as it has far
greater sensitivity than PCR and enhances early
identification of chronic kidney disease (CKD). ACR is the
recommended method for people with diabetes9-12. For
quantification and monitoring significant levels of
proteinuria, PCR can be used as an alternative9. Changes in
PCR give valuable information about the progression of
renal disease1.

Microalbuminuria and Macroalbuminuria 

The National Kidney Foundation (NKF), an organization in
the United States, defines microalbuminuria as excretion of
30-300 mg of albumin in a 24 hour urine collection sample
(equivalent to albumin excretion rate of 20-200 μg/min in a
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timed collection of urine; or ACR 30-300 mg/g without
regard to age and sex in a random or spot sample of urine),
with values >300 mg/24 hour being defined as
macroalbuminuria13. Macroalbuminuria is also known as
clinical albuminuria or proteinuria (as it correlates with a
urinary protein excretion 0.5 g/24 hour)5, 14.

The cut-off values differ a little among guidelines with
microalbuminuria being defined as 2.0-20.0 mg/mmol
(men) and 2.8-28.0 (women) in Canada15, 2.5-30.0 mg/
mmol (men) and 3.5-30.0 mg/mmol (women) in Europe5, 16,

17, and 2.5-25.0 mg/mmol (men) and 3.5-35.0 (women) in
Australia18 and macroalbuminuria as > 20/28 mg/mmol, >
30 mg/mmol and > 25/35 mg/mmol respectively. The
American Diabetes Association (ADA) has defined
microalbuminuria as excretion of 30-299 mg of albumin in
a 24 hour urine collection (equivalent to albumin excretion
rate of 20-199 μg/min in a timed collection of urine; or ACR
30-299 μg/mg creatinine in a random or spot sample of
urine irrespective of sex), with values ≥300 mg/24 hour
being defined as macroalbuminuria14. Therefore the normal
rate of albumin excretion in diabetes will be < 30 mg/24
hours. The National Institute for Health and Clinical
Excellence (NICE) guideline defines microalbuminuria as
ACR 2.5 to 25.0 mg/mmol in men and ACR 3.5 to 35
mg/mmol in women9. The International Diabetes Federation
(IDF) considers microalbuminuria ACR > 2.5 mg/ mmol in
men, > 3.5 mg/mmol in women. An ACR > 30 mg/mmol
indicates macroalbuminuria7. Microalbuminuria indicates
the early stage of diabetic kidney disease6. 

Significant Proteinuria 

In people without diabetes, significant proteinuria is
considered to be present when the urinary protein excretion
0.5 g/24 hour or more (this is approximately equivalent to
ACR 30 mg/mmol or more or a PCR 50 mg/mmol or
more)9. Proteinuria upto 2 g/24 hour are non-specific and
may occur in any type of renal disease. Values greater than
this indicate a glomerular abnormality1, 6. The most common
causes are the various forms of glomerulonephritis and
diabetic nephropathy6. Twenty four hour protein excretion
> 3 g (known as heavy proteinuria) is considered nephrotic
range and always indicates glomerular disease1. Hematuria
combined with significant proteinuria usually indicates
glomerulonephritis6. 

Glomerular Filtration Rate (GFR) 

In addition to the assessment of urinary albumin excretion,
assessment of glomerular function is important in patients
with kidney disease14. The GFR is the best measure of
overall kidney function. The normal level of GFR varies
according to age, sex, and body size. In persons 30 years or
younger, the normal GFR is approximately 125 ml/min per
1.73 m2 and declines by approximately 1 ml/min per 1.73
m2 per year thereafter19. A GFR level less than 60 mL/min

per 1.73 m2 represents loss of half or more of the adult level
of normal kidney function20-22. This GFR level also
corresponds with a serum creatinine concentration higher
than 1.5 mg per dL (132.6 μmol per L) in men and higher
than 1.3 mg per dL (114.9 μmol per L) in women11, 12. At
GFR below 60mL/min, the prevalence of complications of
CKD increases20-22. However in people aged over 70 years,
an estimated GFR (eGFR) in the range 45–59 ml/min/1.73
m2, if stable over time and without any other evidence of
kidney damage, is unlikely to be associated with CKD-
related complications9.

Definition of Chronic Kidney Disease

The NKF defines CKD as either kidney damage or
decreased kidney function for 3 or more months19. The
definition of CKD is the same, regardless of age and sex.
This definition is widely accepted and has been adopted in
guidelines of various organizations/associations5, 7, 9,14-16, 18.
Decreased kidney function means a GFR of less than 60 mL
per minute per 1.73 m2 body surface area19. A GFR rate of
more than 60 mL/min/1.73 m2 is considered abnormal if it
is accompanied by documented evidences of kidney
damage. Evidence of kidney damage includes abnormalities
in urine sediment, abnormalities in blood and urine
biochemistry, or abnormal findings on imaging studies19.
Therefore stages 3–5 may be defined by GFR alone
(GFR<60mL/min), whereas stages 1 and 2 (GFR 60mL/min
or more) also require the presence of persistent proteinuria,
albuminuria, hematuria, pathological or structural renal
abnormalities9. CKD also can be defined by the presence of
urinary albumin in an excretion rate higher than 300 mg per
24 hours or urinary ACR 30 mg/mmol or more, or PCR 50
mg/mmol or more (approximately equivalent to urinary
protein excretion 0.5 g/24 hours or more)7, 9, 19, 23.

Diabetic Kidney Disease (DKD)

The term DKD refers to a presumptive diagnosis of kidney
disease caused by diabetes13. In diabetes, CKD is diagnosed
on the basis of a raised urine albumin or a reduced
glomerular filtration rate or GFR (< 60 ml/min/1.73 m2)7.
Microalbuminuria indicates the early stage of DKD6. In the
absence of another identifiable or treatable cause of kidney
disease, patients with diabetes and CKD should be treated
as if they have DKD13. DKD traditionally termed “diabetic
nephropathy,” is a clinical diagnosis that historically has
been based on the findings of albuminuria with no other
cause, in a person with diabetes13. The term diabetic
glomerulopathy should be reserved for biopsy-proven
kidney disease caused by diabetes13. In most individuals the
diagnosis of DKD is made clinically, as biopsy may not alter
management of such patient24. However a kidney biopsy
may be required in some patients with diabetes and CKD to
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determine the underlying cause; and referral to a physician
experienced in the care of kidney disease should be
considered when there is uncertainty about the etiology of
kidney disease (patients having heavy proteinuria,
hematuria, active urine sediment, absence of retinopathy,
rapid decline in GFR, resistant hypertension)4. 

ACR is the recommended method for the detection of
albuminuria in people with diabetes5, 7, 9, 13-16, 18. Dipsticks
test is negative for microalbuminuria1. Because significant
renal damage will have occurred before dipstick tests
become positive, patients with diabetes mellitus should be
screened regularly for microalbuminuria by measurement
of the ACR in a random spot collection4. The NKF, IDF,
ADA and other organizations recommend diabetic patients
for yearly screening for microalbuminuria4, 5, 7, 13-16, 18.
Screening should include measurement of urinary ACR in
a spot urine sample, measurement of serum creatinine and
calculation of eGFR13. 

Treatment of Proteinuria in CKD

a. Proteinuria in diabetes: Treatments that lower urinary
albumin excretion may slow the progression of DKD and
improve clinical outcomes13. Therefore, albuminuria
reduction should be considered as treatment target in
DKD13. Both angiotensin-converting enzyme (ACE)
inhibitors and angiotensin-receptor blockers (ARBs) are
effective in reducing protein excretion13, 25-29.  Treatment
with an ACE inhibitor or an ARB should be considered even
in normotensive people with diabetes and microalbuminuria
as they delay the progression from micro- to macro-
albuminuria in people with type 2 diabetes9, 13, 17. Meta-
analysis of trials have shown that ACE inhibitors and ARBs
can cause microalbuminuria to regress to no albuminuria in
diabetes30, 31.  ACE inhibitors and ARBs preferentially lower
intra-glomerular pressure and reduce proteinuria23. Effective
control of blood glucose has been shown to reduce the
progression of CKD in people with diabetes13. The Diabetes
Control and Complications Trial (DCCT) conducted in US,
and the United Kingdom Prospective Diabetes Study
(UKPDS) have definitively shown that intensive diabetes
therapy can significantly reduce the risk of the development
of microalbuminuria and overt nephropathy in people with
diabetes32, 33. The half-life of insulin is prolonged in CKD
due to reduced tubular metabolism of insulin; insulin
requirements may therefore decline in diabetic patients in
advanced CKD13. 

Both ACE inhibitors and ARBs delay progression from
micro- to macro-albuminuria in people with type 2 diabetes
and hypertension7. In one study, combination therapy with
candesartan (ARB) and lisinopril (ACE inhibitor) was found
to be more effective than treatment with either drug alone
in reducing blood pressure and microalbuminuria in patients
with type 2 diabetes, hypertension, and microalbuminuria34.
In another study, a 300-mg daily dose of irbesartan reduced
proteinuria levels and the risk of doubling of serum
creatinine level compared with 10 mg daily of amlodipine

or placebo in mostly hypertensive people with type 2
diabetes and nephropathy28. ARBs have been shown to
delay the progression of nephropathy in those who have
macroalbuminuria and renal insufficiency (serum creatinine
> 1.5 mg/dl)7. 

b. Proteinuria in hypertension: Management of blood
pressure needs to be intensified (target ≤130/80 mmHg)7.
The level of proteinuria at which ACE inhibitors or ARBs
should be initiated has also been defined for patients with
hypertension. ACE inhibitors or ARBs should be offered to
non-diabetic people with CKD and hypertension with a
urinary protein excretion 0.5 g/24 hour or more5, 9, 10. Ample
of evidences show that these agents are more effective than
other anti-hypertensive drugs in preventing the progression
of kidney disease35-41. Patients with hypertension with ACR
< 30mg/mmol) ACE inhibitor, ARB, long acting calcium
channel blocker, thiazide diuretics or beta-blocker can be
used9.

When ACE-inhibitor therapy is started, some patients with
chronic kidney disease may have an initial decrease in GFR
(usually less than 10 mL per minute per 1.73 m2), a mild
increase in the serum creatinine concentration (less than 20
percent of the baseline value), and a mild increase in the
potassium level (usually less than 0.5 mmol per L)42.
Therefore, in people with CKD, serum creatinine and
potassium levels should be measured and the GFR should
be estimated before starting ACE inhibitor/ARB therapy.
These measurements should be repeated between 1 and 2
weeks after starting ACE inhibitor/ARB therapy and after
each dose increase9. ACE inhibitor/ARB therapy should not
normally be started if the pretreatment serum potassium
concentration is significantly above the normal reference
range (typically more than 5.0 mmol/L)9. 

c. Proteinuria in patients without hypertension or
diabetes: For patients without hypertension or diabetes,
there is insufficient evidence to determine the level of
proteinuria at which to initiate therapy with an ACE
inhibitor or ARB. (i) However, a large trial showed benefit
of ACE-inhibitor treatment compared with conventional
antihypertensive treatment among patients with 1 or more
gram of proteinuria per day (PCR about 100 mg/mmol)10, 43,

44. (ii) It is also established that ACE inhibitor/ARB therapy
for people with significant proteinuria (a total urinary
protein excretion 0.5 g/24 h or more) without diabetes is
beneficial9. (iii) However, it is not yet known whether ACE
inhibitor/ARB therapy in people without diabetes and with
lower levels of proteinuria in the absence of cardiovascular
indications is of additional benefit9. There is currently no
proven role for screening for microalbuminuria in patients
who do not have diabetes5. Treatment of other causes of
proteinuria e.g. glomerulonephritis should be addressed
accordingly (with corticosteroids or cytotoxics or both as
indicated). 

d. Limitation of dietary protein intake: Studies in patients
with varying stages of nephropathy have shown that
restriction of dietary protein helps slow the progression of
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albuminuria, GFR decline, and occurrence of end-stage
kidney disease (ESKD)45, 46. Dietary protein restriction
should be considered particularly in patients whose
nephropathy seems to be progressing despite optimal
glucose and blood pressure control and use of ACE inhibitor
and/or ARBs46. The IDF recommends limiting protein
intake to 1 g/kg daily if proteinuria7. The ADA recommends
reduction of protein intake to 0.8–1.0 g / kg body wt/day in
individuals with diabetes and the earlier stages of CKD and
to 0.8 g/kg body wt/day in the later stages of CKD that may
improve measures of renal function4. Current
recommendations from the NKF based on evidence from
animal studies suggest a protein intake of 0.8 to 1.0 g per
kg per day and a daily caloric intake of 30 to 35 kcal per kg
per day in patients with chronic kidney disease19.

e. Other approaches: Microalbuminuria is a well-established
marker of increased cardiovascular risk5, 7, 9, 13-16, 18, 47. Aspirin therapy
(75–162 mg/day) is considered as a primary prevention strategy in
those with diabetes at increased cardiovascular risk which also
includes most men >50 years of age or women >60 years of age
who have albuminuria4. Severe proteinuria may lower the plasma
albumin concentration to reduce the plasma oncotic pressure and
cause generalized edema warranting diuretic therapy. Dyslipidemia
is a primary risk factor for cardiovascular disease and a common
complication of progressive kidney disease13, 48. In response to low
oncotic pressure produced by hypo-albuminemia, there is a non-
specific increase of lipid synthesis by liver, the dyslipidemia
produced needs treatment by lipid modifying drugs1. Smoking is a
strong risk factor for cardiovascular mortality in patients at risk for
CKD. It also is strongly associated with the progression of
nephropathy49. Smoking cessation should be strongly encouraged
at each office visit23.

Discussion

Proteinuria is an important and sensitive marker of kidney damage
and a risk factor for progression of CKD as well as cardiovascular
morbidity and mortality1-3, 5, 7, 9, 13-16, 18, 42. In many types of kidney
disease, the severity of proteinuria correlates risk of progressive loss
of renal function. Treatment of earlier stages of CKD is effective in
slowing the progression toward kidney failure19. Treatments that are
effective at lowering proteinuria also reduce the risk of progression
of kidney disease and its complications13. ACE inhibitors and ARBs
are more effective at reducing proteinuria and retarding the
progression of kidney disease than other therapies which lower
systemic blood pressure to a similar degree35-41. 

Diabetic nephropathy occurs in 20-40% of patients with diabetes
and is the single leading cause of ESKD in western countries4.
Persistent microalbuminuria in diabetes is an independent risk factor
for progression of CKD and development of cardiovascular
morbidity and mortality. Therefore there is a general agreement that
people with diabetes should be screened regularly to detect early
stage of kidney damage and receive treatment7. Patients
should not be screened during intercurrent illness, infection
or an acute metabolic crisis. The best possible metabolic
control of diabetes should be achieved before investigating

patients for microalbuminuria5. The ACR is the preferred
method of detecting microalbuminuria. Patients with
microalbuminuria who progress to macroalbuminuria
(≥300 mg/24 h) are likely to progress to ESKD. However,
a number of interventions if initiated at early stage have
been demonstrated to reduce the risk and slow the
progression of kidney disease4. GFR decreases relentlessly
at rates greater than 10 mL/min/y in those with poorly
controlled hypertension and albuminuria, but much more
slowly (1 to 4 mL/min/y) in those with effective glycemic
and blood pressure control13, 50. The benefits of ACE
inhibitor /ARB therapy for people with diabetes with
microalbuminuria and all levels of macroalbuminuria,
irrespective of the presence of hypertension or CKD stage,
are well established. Treatment initiation with ACE
inhibitors or ARBs unless contraindicated in diabetes having
persistent microalbuminuria have been strongly
recommended.

In all other patients of CKD (without diabetes) having PCR
> 50 mg/mmol (ACR > 30 mg/mmol), ACE inhibitors
and/or ARBs should be used if tolerated, independently of
the presence of hypertension to reduce proteinuria and slow
the decline in GFR. 

Finally it can be concluded that every diabetic patient should
be screened annually for albuminuria preferably by ACR.
ACE inhibitors and ARBs reduce albuminuria in CKD and
slow the decline in GFR in both diabetic and non-diabetic
patients with or without hypertension. 
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