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Abstract Proteinuriais defined as urinary protein excre-
tion exceeding 150 mg/day. It may result from nonpatho-
logical (posture, fever, exercise) or pathological (glomer-
ular or tubular) processes. Glomerular proteinuria is an
early sign of kidney disease and may also play arolein
the progression of glomerular damage. Asymptomatic
proteinuria is common; it may be transient or persistent.
Transient proteinuria is a benign condition and requires
no evaluation. Persistent proteinuria can be the first sign
of kidney disease. Persistent proteinuria commonly re-
sults from disorders associated with increased glomeru-
lar permeability such as nephrotic syndrome, glomerulo-
nephritis (e.g., post-infectious, membranous, membrano-
proliferative, lupus, IgA), and genetic defects (Alport
syndrome, mesangial sclerosis). Tubular  disorders
should a'so be considered. Evaluation for the underlying
cause is traditional. Whether the early detection and
evaluation of proteinuria prevents progressive disease is
unknown.
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Introduction

Proteinuria is usually detected in asymptomatic children
by their primary care physician. Confirmation of persis-
tent proteinuria leads to referral to the pediatric nephrol-
ogist for evaluation. The goals of this review are to de-
fine proteinuria, discuss the causes and significance of
proteinuria, and suggest an approach for evaluating the
child with proteinuria.
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Renal processing of proteins

The movement of proteins across the glomerular capil-
lary wall is regulated by severa factors, including the
glomerular plasma flow rate, hydrostatic and oncotic
forces, the molecular size, charge, and configuration of
the protein, and the intrinsic properties of the capillary
wall [1, 2]. The size barrier for filtration approximates
that of albumin. Progressively smaller proteins are fil-
tered in progressively increasing amounts. The vast ma-
jority of proteins appearing in the glomerular ultrafiltrate
are reabsorbed in the proximal tubule.

Definition and detection of proteinuria

Because normal individuals have protein in their urine,
the term “proteinuria’ is used to indicate urinary protein
excretion beyond the upper limit of normal. In adults,
that limit approximates 150 mg/day. In children, the up-
per limit of normal protein excretion remains to be de-
fined. Since several variables (e.g., posture, activity, di-
et) can influence protein excretion and as | can find no
clear evidence that protein excretion in normal children
is related to body size, | use 150 mg/day as the upper
limit of normal protein excretion in children as well. Ap-
proximately half of this protein derives from the plasma,
albumin representing the largest fraction; the upper limit
of normal abumin excretion approximates 30 mg/day.
The remainder of normal urinary protein is Tamm-Hors-
fal protein, a mucoprotein of unknown function pro-
duced in the distal tubule.

In the urine, protein is commonly detected by the dip-
stick test and is reported as negative, trace, 1+ (approxi-
mately 30 mg/dl), 2+ (approximately 100 mg/dl), 3+ (ap-
proximately 300 mg/dl), and 4+ (2,000 mg/dl). Dipsticks
primarily detect albuminuria and are less sensitive for
(and may miss) other forms of proteinuria (e.g., low mo-
lecular weight proteins, Bence Jones protein, gamma
globulins). The depth of color of the dipstick reaction in-
creases in a semi-quantitative manner with increasing



698

urinary protein concentrations. Dipsticks may be positive
despite normal protein excretion when the urine is con-
centrated, or negative despite moderately increased pro-
tein excretion when the urine is dilute. Because the dip-
stick reaction cannot accurately measure protein excre-
tion, persistent proteinuria should be quantitated by a
more-precise method (e.g., sulfo-salicylic acid) in a
timed (preferably 24-h) urine collection. False-positive
results for proteinuria may be found with both the dip-
stick test (gross hematuria, contamination with chlorhex-
idine or benzalkonium, pH >8.0, phenazopyridine thera-
py) and the sulfosalicylic acid method (radiographic con-
trast agents, penicillin or cephal osporin therapy, tolbuta-
mide, sulfonamides).

Urinary protein excretion can be estimated semi-
guantitatively by measuring the ratio of urinary protein
to creatinine concentrations in a random specimen [3].
Urinary creatinine excretion is relatively constant in pa-
tients with relatively normal renal function, asis urinary
protein excretion in most disease states. Determination
of the ratio is especially helpful in quantitating protein-
uriawhen atimed urine collection is not practical. Ratios
(mg/mg) below 0.5 in children less than 2 years of age,
and less than 0.2 in older children, suggest normal pro-
tein excretion. A ratio greater than 3 suggests nephrotic-
range proteinuria.

Nonpathological proteinuria

Proteinuria may be divided into two categories (Table 1).
In the first category, nonpathological proteinuria, exces-
sive protein excretion is apparently not the result of a
disease state. The level of proteinuriain this category is
generally less than 1 g/day and is never associated with
edema. Pathological proteinuria results from glomerular
or tubular disorders.

Postural (orthostatic) proteinuria

Children with this disorder excrete normal or slightly in-
creased amounts of protein in the supine position. In the
upright position, the amount of protein in the urine may
increase tenfold or more. The proteinuria is usualy dis-
covered at routine urinalysis; its etiology is unknown [4].
Hematuria is absent and the creatinine clearance and C3
complement level are normal. Renal biopsy (not part of
the evaluation) is normal or shows mild nonspecific al-
terations.

In the child with asymptomatic low-grade proteinuria,
a study for postural proteinuria should be performed. At
bedtime, the child goes to bed without voiding. After 30
min in the supine position, the child voids in this posi-
tion. Thisurine is discarded but the time of voiding isre-
corded as the beginning of the supine collection. The
child is then given alarge glass of liquid and allowed to
deep. In the morning, the child again voids supine be-
fore rising; this ends the supine collection and begins the
upright collection which is terminated at bedtime. The
child may have normal daily activities, avoiding the su-
pine position. Protein excretion is measured in the two
urine collections and, for each collection, the result is
calculated as milligrams of protein excreted per minute.
A finding of essentially normal protein excretion in the
supine collection and increased protein excretion in the
upright collection establishes the proteinuria as ortho-
static.

Studies in adults suggest that postural proteinuriais a
benign process [5], but similar data are not available for
children. Accordingly, long-term follow-up of childrenis
necessary (unless the proteinuria resolves) in order to
monitor the child for evidence of renal disease (hema-
turia, hypertension, diminished renal function, or pro-
teinuria exceeding 1 g/day).

Table 1 Classification of pro- . L
te?r?u(raiaacw Ication of pro A. Nonpathological proteinuria
1. Postural (orthostatic)

2. Febrile

3. Exercise-induced

B. Pathological proteinuria
1. Tubular

a. Inherited
Cystinosis
Wilson disease
Lowe syndrome

b. Acquired
Antibiotic-induced
Interstitial nephritis
Acute tubular necrosis
Heavy metal poisoning
(mercury, gold, lead)

a Adapted from Bergstein M
(1996) Nephrology.

In: Behrman RE, Kliegman
RM, Arvin AM (eds) Nelson
textbook of pediatrics.
Saunders, Philadelphia, p 1480

2. Glomerular
a.  Nephrotic syndrome
Idiopathic

Minimal change
Mesangial proliferation
Focal sclerosis
Congenital and infantile
b. Glomerulonephritis
I diopathic (membranous, membranoproliferative)
Systemic diseases (lupus erythematosus)
Others (drugs)
Hypertension
Diabetes mellitus
Hemolytic uremic syndrome
Hyperfiltration secondary to nephron loss
(with or without focal sclerosis)
due to chronic pyelonephritis or other renal diseases
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Febrile proteinuria

Transient proteinuria may be found in children having
fever in excess of 38.3°C [6, 7]. The mechanism of pro-
teinuria associated with fever is unknown. The proteinur-
ia does not exceed 2+ on the dipstick and may be consid-
ered benign if it resolves when the fever abates.

Exercise proteinuria

Proteinuria, like hematuria, may follow vigorous exer-
cise [8, 9]. The level rarely exceeds 2+ on the dipstick.
The disorder can be considered benign if the proteinuria
resolves after 48 h of rest.

Pathological proteinuria
Tubular proteinuria

Healthy individuals filter large amounts of proteins of
lower molecular weight than albumin (e.g., lysozyme,
light chains of immunoglobulin, 3,-microglobulin, insu-
lin, growth hormone); these are normally reabsorbed in
the proximal tubule [10, 11]. Injury to the proximal tu-
bules results in diminished reabsorptive capacity and the
loss of these low molecular weight proteins in the urine.
Such proteinuria rarely exceeds 1 g/day and is not asso-
ciated with edema. Tubular proteinuria (Table 1) may be
seen in acquired and inherited disorders and may be as-
sociated with other defects of proximal tubular function,
such as glucosuria, phosphaturia, bicarbonate wasting,
and aminoaciduria. Tubular proteinuria rarely presents a
diagnostic dilemma because the underlying disease is
usually detected before the proteinuria. Asymptomatic
patients having persistent proteinuria generally have
glomerular rather than tubular proteinuria. In occult
cases, glomerular and tubular proteinuria can be distin-
guished by electrophoresis of the urine. In tubular pro-
teinuria, the low molecular weight proteins migrate pri-
marily in the o and (3 regions and little or no albumin is
detected, whereas in glomerular proteinuria the major
protein is albumin [12].

Glomerular proteinuria

The most-common cause of pathological proteinuria is
increased permeability of the glomerular capillary wall.
The amount of glomerular proteinuria may range from
<1 to >30 g/day. Glomerular proteinuria may be termed
selective (loss of plasma proteins of molecular weight up
to and including albumin) or nonselective (lost of albu-
min and larger molecular weight proteins such as 1gG).
Most forms of glomerulonephritis are accompanied by
nonselective proteinuria. Selective proteinuria is seen
primarily in minimal-change nephrosis where it increas-
es the likelihood of corticosteroid responsiveness. The
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determination of urinary protein selectivity is generally
of little clinical value due to considerable overlap of se-
lectivities among various forms of renal disease.

Glomerular proteinuriais an early sign of kidney dis-
ease. Although the proteinuriais the result of kidney dis-
ease, it may also play arole in the progression of kidney
damage [13]. The abnormal passage of proteins across
the glomerular capillary wall and through the mesangi-
um may promote glomerular injury. The filtration of
large amounts of protein may then expose the proximal
tubules to agents (e.g., transferrin, complement compo-
nents, lipoproteins) that are directly toxic to tubular
cells. In addition, overloading the proximal tubular cells
with proteins may activate a number of genes, leading to
the production of growth factors, vasoactive (endothelin-
1) and inflammatory (monocyte chemoattractant protein-
1, RANTES, integrins) agents that may also lead to tub-
ulointerstitial lesions [14—16]. Indeed, the level of pro-
teinuria is associated with outcome in severa disease
states [17, 18]. Whether the early detection of proteinur-
ia prevents or delays the progression of disease is un-
known. It seems possible that the early detection of pro-
teinuria could lead to early disease recognition and ap-
propriate management strategies (antihypertensive thera-
py, immunosuppressive drugs, anti-proteinuric agents
such as angiotensin converting enzyme inhibitors, angio-
tensin Il receptor antagonists, and/or nonsteroidal anti-
inflammatory agents) [19-22].

Recent studies suggest that microalbuminuria is a
more-sensitive marker for kidney disease than proteinur-
ia. The importance of asymptomatic microa buminuria
as arisk factor for progressive kidney and cardiovascular
disease is emphasized by the initiation of the Proteinuria,
Albuminuria, Risk Assessment, Detection, and Elimina-
tion (PARADE) program by the National Kidney Foun-
dation of the United States [23]. The goals of this pro-
gram include education of the general public and physi-
cians about albuminuria and universal screening for al-
buminuria.

Persistent asymptomatic proteinuria

Asymptomatic proteinuria may be transient or persistent.
Transient proteinuria is that which disappears on subse-
guent urine examinations. It seems to be a benign condi-
tion and no evaluation is necessary.

Persistent asymptomatic proteinuria is defined as pro-
teinuria in an apparently health child that occurs without
hematuria and persists for 3 months. The prevalence in
school-aged children may be as high as 6% [24-26]. The
amount of proteinuriais usualy <2 g/day; it is never asso-
ciated with edema. Causes include postural proteinuria,
membranous and membranoproliferative glomerulonephri-
tis, hepatitis B infection, pyelonephritis, hereditary nephri-
tis, developmental anomalies, and “benign” proteinuria.

The evaluation of the child with persistent asymptom-
atic proteinuria is summarized in Fig. 1. The evaluation
should begin with a complete history and physical exam-
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Referral from primary care physician
!

Confirmation of proteinuria by dipstick

!
Preliminary evaluation

. Urinalysis

. Urine culture

. 24-h urine for

creatinine clearance,

protein (in postural fractions)

C3

. Serum albumin

. Hepatitis B antibody
. Renal ultrasonography

/

Long-term follow-up

1. Proteinuria <1 g/day
2. Postural proteinuria
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Biopsy

1. Proteinuria <1 g/day and
a. hematuria
b. decreased creatinine

clearance

c. persistently decreased C3
d. hypertension

2. Proteinuria >1 g/day

3. Proteinuria and
hypoalbuminemia

T

Age 1-8 years Age <1
or >8 years
! !
Treat with steroids  Biopsy

Fig. 1 Laboratory evaluation of the child with asymptomatic pro-
teinuria

ination, focusing on the manifestations of the diseases
noted in the differential diagnosis. Important features of
the history might include hematuria, frequency, dysuria,
weight gain, swelling, hearing loss, and the family histo-
ry. A list of medications is important. Drugs that can
cause proteinuria include nonsteroidal anti-inflammatory
agents, gold, penicillamine, and angiotensin converting
enzyme inhibitors. On examination, evidence of edema,
flank masses, and hypertension should be sought.

If the laboratory studies are normal except for low-
grade proteinuria (150-1,000 mg/day), rena biopsy is
not indicated, because evidence for a progressive disease
is rarely found. Such patients should have an annual re-
evaluation consisting of a physical examination and
blood pressure determination, urinalysis, creatinine
clearance, and 24-h protein excretion. Indications for re-
nal biopsy include persistent asymptomatic proteinuria
in excess of 1,000 mg/day or the development of hema-
turia, hypertension, a low C3, or diminished renal func-
tion in the patient with low-grade proteinuria.
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