Microalbuminuria: It's Significance, risk factors and methods of detection

LucyE.Yaguo Ide, Nwadiuto A. Akani

Type of Article:

Department of Paediatrics and Child Health, University of Port-Harcourt, Port-Harcourt,

Rivers state, Nigeria.

ABSTRACT

Background: Microalbuminuria, though a relevant
screening tool world wide, is scarcely reported with very
sparse literature in our setting. Microalbuminuria is a
marker of early renal involvement, compare to routine
serum creatinine and electrolytes changes in hypertension
and diabetes mellitus. This article attempts to review the
significance, risk factors and methods of detection of
Microalbuminuria.

Methods: Available publications from local and
international journals in addition to Medline and Google
search, particularly for local references were utilized. Other
sources of our data included dissertations from the library
of National post graduate medical college and text books
of paediatric nephrology.

Results: Microalbuminuria is used extensively in diabetes
mellitus as a sensitive test for the detection of preclinical
kidney dysfunction prior to the development of overt
proteinuria, and as a predictor of subsequent diabetic
nephropathy. It has been found to be an important
prognostic indicator in meningitis, malignancy and
hypertension. It has been found to be useful in the
monitoring of patients with renal scarring, unilateral
nephrectomy and diabetes mellitus. It is also an important
marker of glomerular injury, particularly in patients with
sickle cell anaemia.

Conclusion: Microalbuminuria is an early maker of
glomerular injury. It is important as a screening tool in a
variety of disease conditions. Screening may be performed
with a semiquantitative assay. If the screen is positive,
UAE should be evaluated by a quantitative assay.
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INTRODUCTION

Dipstick urinalysis is a valuable tool in the screening of
urinary abnormalities,’” as it detects proteinuria,
haematuria, urinary specific gravity, leukocyturia among
other things. It, however, cannot detect early renal changes
that may be heralded by proteinuria in the range of 20-
200mg/1 (microalbuminuria). Long before one obtains a
positive urine test for protein using the albustix, small
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quantities of albumin can be detected in the urine using
sensitive immunochemical techniques and this
phenomenon is called Microalbuminuria.

MICROALBUMINURIA

Microalbuminuria (MA) which is a sub-clinical rise in the
urinary albumin excretion has been defined variously by
Marshall’, Mimran et al’, Winocour® and Hasslacher et al’.
Marshall® defined MA in terms of timed overnight urine
collections as an albumin excretion rate greater than
20ug/minute’. According to Mimran et al’, however the
term MA refers to a situation where the urine is albustix
negative but positive for albumin with an excretion rate in
the range of 20-200ug/minute.( The lowest detection limit
using conventional methods such as sulfosalicylic acid
precipitation or bromophenol-blue reaction used in the
albustix test is > 200ug/minute ). Winocour’, on the other
hand defined MA as a ratio of urinary albumin to urinary-
creatinine greater than 3.0ug/mmol’ which can readily be
done on spot urine samples'® "'. While Hasslacher et al’
defined MA as albumin excretion in the urine within the
range of 20mg/1to 200mg/1.

The concept of Microalbuminuria was introduced more
than 30years ago when measures to detect urinary albumin
below the level detectable by conventional urinary dipstick
became available. MA was subsequently shown to be an
early marker of diabetic nephropathy. It was also found,
quite remarkably to be a stronger predictor of
cardiovascular mortality than of renal events. In the Heart
Outcomes prevention Evaluation (HOPE) study,
Microalbuminuria was the strongest predictor of
cardiovascular events in a high-risk population with
underlying atherosclerosis. It was found to be stronger than
other risk factors such as coronary artery disease and
diabetes”. It is important to appreciate Microalbuminuria
not only predicts cardiovascular but also other
atherosclerotic vascular events. Miettnen et al” followed
over 2,000 diabetic and non-diabetic patients for 7 years,
looking at the association between the different degrees of
proteinuria and atherosclerotic vascular events. In both
groups, Microalbuminuria was associated with incidence
of cardiovascular events stroke and aggregate vascular
events. Compared to earlier documented traditional risk
factors, Microalbuminuria has been shown to be a strong
predictor of cardiovascular death even in healthy
populations". In a cohort of healthy individuals, Borch-
Johnsen et al prospectively followed more than 2,000
patients for 10 years. The participants had no ischemic
heart disease or diabetes. In this study, Microalbuminuria
was associated with increased relative risk of
cardiovascular death by 2.3-fold, independent of other risk

factors.
o
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In patients aged more than 40 years, Yudkin et al”, observed
that within a mean follow-up period 3.6 years, cardiovascular
complications ( coronary artery disease or peripheral arterial
disease ) were more frequent in patients with
Microalbuminuria as compared with those without it; 30
percent versus 74 percent for coronary disease and 10 percent
versus 44 percent for peripheral diseases. Moreover, death
was more frequent in those with Microalbuminuria (2 percent
versus 33)

MA has been found to be an important prognostic indicator
in meningitis, malignancies "’ and hypertension ** It has
been found to be very useful in the monitoring of patients
with renal scarring, ” unilateral nephrectomy **' and
diabetes mellitus. “* MA has also been found to be an
important marker of glomerular injury, particularly in
patients with sickle cell anaemia prone to nephropathy

The term sickle cell nephropathy encompasses all the
structural and functional abnormalities such as proteinuria
with or without nephrotic syndrome, *** hyposthenuria,”’
incomplete distal tubular acidosis, ** haematuria,
immune complex glomerulonephritis, and progressive
renal failure.  ” These manifestations are as a result of
chronic renal micro-vascular occlusion by sickled
erythrocytes. ¥ the effect of which is accentuated during
crises*®. The renal microvasculasure is particularly
vulnerable because of absence of collateral circulation™ and
the characteristic sickling promoting features of renal
medulla, which include hypoxia, acidosis and
hypertonicity'****"*. Sickle cell nephropathy may present as
urinary abnormalities detectable by dipstick urinalysis” or in
case of early glomerular involvement by MA detection.

24,29

30,31

Studies on urinary abnormalities among various populations
of children in Nigeria have been carried out using the dipstick
urinalysis**. Findings from these studies include, proteinuria
in one to seventy percent of apparently normal neonates and
children of varying ages"™. Significant haematuria was
reported in 0.6-4% of normal children studied””. Ugwu and
Eke” in the course of their randomized study for suitable
malaria prophylaxis amongst children with sickle cell
anaemia (SCA) at the University of Port Harcourt Teaching
Hospital did weekly interval urinalyses among 72 children
aged 16months -16years and found significant haematuria
and proteinuria of one and seven percent respectively; and all
patients with abnormal urinary findings were above the age
of Syrs. In terms of MA, Ibadin et al ' in their study at the
University of Benin Teaching Hospital (UBTH) to determine
the prevalence of Microalbuminuria in adolescent/young
adult offspring's of Nigerian hypertensive adults worked on
42 subjects aged between 13 and 24years, using micral-test
strips. Nineteen percent had Microalbuminuria in their spot
urine, as compared to 8 percent in controls. The incidence of
Microalbuminuria was more in the age bracket 16-18years. It
was also more in subjects with positive paternal history of
hypertension (21.1% as against zero percent in those with
positive maternal history of hypertension)

Microalbuminuria is believed to be an important marker of
glomerular injury in patients with sickle cell anaemia. Few

The Nigerian Health Journal, Vol. 11, No 1, January - March 2011

studies on Microalbuminuria in sickle cell anaemia patients
have been done. The prevalence of Microalbuminuria in
sickle cell anaemia patients has been shown to vary in
different settings. Studies ****** have recorded prevalence
rates of between 19 40%. The prevalence of
Microalbuminuria was found to be 42.7%, 20.3% and 18.5%
among paediatric patients with Sickle cell anaemia in Port
Harcourt, Benin and Enugu respectively using the micral test
strip™®. Microalbuminuria occurs sufficiently enough in both
children and adults to warrant routine screening. Such
measures may assist in early detection and improve case
management of patients who are prone to renal
complications as interventional measures known to retard the
rate of deterioration could be instituted.

RISK FACTORS FOR MICROALBUMINURIA;

Table 1: Risk Factors Associated with Elevated Albuminuria”.

Non modifiable Modifiable
Well documented ~ Likely
Race/ethnicity Diabetes Hyperlipidemia
Male gender Hypertension High salt (and protein ) diet
Older age Obesity Oral contraceptives
Low birth weight Smoking Hormone replacement therapy

Risk factors associated with elevated albuminuria are
shown in Table I below.

Mechanisms underlying progressive loss of renal
function.

It has been documented that the haemodynamic adaptations
of glomerular hypertension and hyperfilteration in remnant
nephrons (i.e. those nephrons not damaged by the initiating
renal disease) ultimately prove detrimental”. They suffer
progressive glomerulosclerosis, a process that sets into
motion a vicious cycle of nephron loss. The more initial
nephrons lost, the more the haemodynamic burden to the
remaining ones”. The ensuing protein leakage through these
affected glomeruli results in enhanced tubule protein
reabsorption, which initiates progressive tubule atrophy and
interstitial fibrosis”. Clinically, the most important factors
promoting this final common pathway of progressive
nephron loss are hypertension®, proteinuria®,
hyperlipidemia®, and genetic factors such as race”. Other
factors such as obesity”, smoking®, low birthweight”, male
gender” and high salt intake are also to be associated with a
worse outcome in subjects with preexisting renal disease.
These are shown in Table I above.

Nonmodifiable risk factors associated with a higher
urinary albumin excretion

a) Race/ethnicity: Various reports™ " have documented a
higher prevalence of an elevated albumin excretion in specific
ethnic groups. Recent studies suggest that the racial and
geographic disparities in ESRD, and the increasing incidence
rates, may have a fetal origin as indicated by an association
with birth weight (BW) ™. Brenner et al”, proposed a
mechanism involving impaired kidney development in utero
as an explanation for reduced renal function later in life. b)
Male Gender/Old age : It has been documented that

&3 o:

72-73



Yaguo lde L.E - Microalbuminuria: A Review

elevated albumin excretion is found more frequently in men
than women™ ", this difference is age dependent.

Urinary albumin excretion is significantly higher in men than
women, especially at older age™”. In the normal population,
GFR decreases from the age of 30 by about
0.8ml/min/year”. Assuming that a 30-year-old subject has a
normal GFR of about 120ml/min, his/her GFR will be
about 70ml/min at age of 80. A renal biopsy from that 80-
year-old person will typically reveal some atrophic glomeruli
with tubule atrophy, other glomeruli showing signs of
glomerulosclerosis and still others showing glomerular
enlargement and hypertrophy.

¢) Low Birth Weight: With respect to low birth weight, an
inverse association between Microalbuminuria and height
was found, arguing that factors operating in utero or early
childhood influence urinary albumin excretion in later life”" ™
" Brenner et al”, proposed a mechanism involving impaired
kidney development in utero as an explanation for reduced
renal function later in life. Hoy et al”', proposed that the
association between low birth weight and renal disease might
be mediated through impaired nephrogenesis caused by
intrauterine malnutrition.

Modifiable Factors that have been well documented in

Relation to Albuminuria.

a) Diabetes: Both glomerular hyperfilteration and a
slightly elevated albumin excretion rate have been found
to predict progressive renal failure in both type I and type
2 diabetes” ** ****. Albuminuria in both type I and type 2
diabetes is associated with widespread endothelial
dysfunction, manifest not only in the glomerular
vasculature, but in other vascular beds as well*™.

b) Hypertension: Increased urinary albumin loss has also
been linked to essential hypertension™™. Just as in
diabetes, Microalbuminuria in essential hypertension
has been taken to reflect widespread endothelial
dysfunction”. Albuminuria in essential hypertension is
associated not only with left ventricular hypertrophy, but
also with glomerular hyperfilteration®.

c) Obesity: Elevated albumin excretion is frequently
found in nondiabetic obese subjects™ *”'. In obese
subjects, the risk for glomerular hyperfilteration and
hyperperfusion is enhanced””'. The risk for glomerular
hyperfilteration seems to be especially evident in cases of
abdominal obesity*®.

d) Smoking: Smoking is also associated with an increased
risk for albuminuria. It has been shown that smoking is
associated with an increased risk for both
hyperfilteration and impaired filteration”. Life time
tobacco exposure, but not current level of smoking, is
associated with renal function impairment and
proteinuria™.

Modifiable Factors which are likely to be Related to

Albuminuria

a) Hypercholesterolemia: The Gubbio study, showed that
the risk for elevated albumin excretion increased 2-fold
for each 40mg/dl increase in plasma cholesterol’.
Moreover, it has been shown that hypertensive subjects
with high cholesterol levels have a more rapid decline in
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GFR over time™.

b) Dietary salt intake: A higher salt intake is
independently associated with a higher urinary albumin
excretion”. It also predicts mortality and the risk for
coronary disease”.

c¢) Oral Contraceptives and Hormone Replacement
Therapy: The use of oral contraceptives and hormone
replacement therapy’ ", is also associated with an
enhanced urinary albumin excretion .Users of oral
contraceptives had an increased renal vascular resistance
and filtration fraction”.

Factors Affecting Urine Albumin Excretion in Children

Albuminuria is affected by exercise and posture'”. They
cause increase in the excretion of albumin in urine. Albumin
demonstrates a day to day variability". Urine albumin
excretion (UAE) tends to be approximately 25 percent greater
during the day than the night and shows a daily variation of
40-100 percent in children'”. Other factors which increase
UAE are obesity'”, puberty™ ", excessive alcohol intake and
smoking'”. Physiological factors such as exercise, posture
and diuresis increase UAE other factors like urinary tract
infection and acute illness also increase UAE'”. In children
age 5-18 years UAE is higher in females than males'” and
does not differ with age in either sex below the age of 5
years'”. In adults the converse is true; i.e. women have lower
albumin excretion than men”™. A negative correlation has

been shown between UAE and height”*

Review of Methods Available for the Detection and
Measurement of Albumin : Variations in urine flow rate in
a person may be corrected by the expression of albumin as a
ratio to creatinine (thatisalbumin/creatinine)

All the following urine samples are currently acceptable:
24-hour collection

Overnight ( 8-12-hour) collection

1-2-hour collection (in laboratory or clinic)

First morning sample for simultaneous albumin and
creatinine measurements.

Ll e

The timed specimen ( 24-hour or overnight ) are the most
sensitive but the albumin- to- creatinine ratio is more practical
and convenient for the patient. At least three separate
samples should be assayed because of the high
intraindividual variation (30% -50% ) and diurnal variation
(50% to 100%) higher during the day. Urine should be stored
at 4°C after collection. Alternatively, 2ml of 50g/1 sodium
azide can be added per 500ml of urine, but preservatives are
not recommended for some assays. Bacterial contamination
and glucose have no effect.

Semiquantitative assays.

A number of semiquantitative assays for screening for
increased UAE are available. These test strips, most of which
are optimized toread “ positive” at a predetermined albumin
concentration, are suitable for screening programs. Because
of the avide variability in UAE, a “normal” value does not
exclude renal disease. Because these assays measure albumin
concentration, dilute urine may yield a false negative result.
Refrigerated urine samples should be allowed to reach at least
10°C before analysis. Albu Screen and Albu Sure detect
urinary albumin concentration above 20 and 30 mg/l,

Paoe E
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respectively. The assay is a latex agglutination inhibition test.
Briefly, one drop of urine is mixed with one drop of goat
antihuman albumin, the titer of which is adjusted so that all
anti-body binding sites are occupied at urinary albumin
concentration of 30mg/1 or greater. Excess albumin binding
sites are detected by the addition of one drop of albumin-
coated latex microspheres and subsequently rocking for 2
minutes. Albumin concentrations less than 20mg/1 produce
agglutination. Sensitivity and specificity are reported to be
approximately 90% to 95%. Micro-bumintest uses
bromophenol blue in an alkaline matrix to detect albumin
concentration exceeding 40mg/1. The assay sensitivity is
approximately 95%, but specificity is approximately 80%.

In the Micral test strip a monoclonal antialbumin IgG is
complexed to []-galactosidase. The albumin in the urine binds
to the antibody-enzyme conjugate in the test strip. Excess
conjugate is retained in the separation zone containing
immobilized albumin, and only albumin bound to antibody-
enzyme immunocomplex diffuses to the separation zone.
There it reacts with a buffered substrate ( chlorophenol red
galactoside ) to produce a red colour when the [J-
galactosidase hydrolyzes galactose. The test strip is dipped
into the urine for 5 seconds, and the intensity of the color after
5 minutes is proportional to the urinary albumin
concentration. Direct visual comparison is made with printed
color blocks-yellow, light brown, medium brown, brick red,
and burgundy, representing 0,10,20,50 and 100mg/1
respectively. Comparison with a reference method
demonstrates a sensitivity and specificity of approximately
100% and 91% respectively. Both the time the stick is in
contact with the urine and the time of reading are critical.

A modification (Micral 11) uses gold-labeled instead of
enzyme-labeled antibody. This method enhances the stability,
allowing the strip to be read at any time from 1 to at least 60
minutes. Urine specimens with albumin concentrations
greater than 100-300mg/1 may be diluted and reassayed. The
assigned concentration of the color block is multiplied by the
dilution factor to obtain the concentration in the sample.
These semiquantitative assays are suitable for screening only
and are not sufficiently accurate for regular monitoring of
patients.

Quantitative Assays:

All the sensitive, specific assays for urine albumin use
immunochemistry with antibodies to human albumin. Four
methodologies are available RIA, ELISA,
radioimmunodiffussion and immunoturbidometry. Each
method has advantages and disadvantages, and the choice
depends on local experience and technical support. All
methods have similar precisions, sensitivity, and range.
Although dye-binding and protein precipitation assays have
been described, these are insensitive and nonspecific and
should notbe used.

Radial immunodiffusion:

This is a reliable and inexpensive method but is unlikely to
gain wide acceptance because it requires a long incubation
period and high level of technical skill and cannot be
automated. The antibody is incorporated into an agar gel.
Aliquots of samples and calibrators are added to wells and
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allowed to diffuse into the agar. Antigen-antibody complexes
precipitate at equilibrium, and the distance of migration is
measured after staining.

Radioimmunoassay (RIA):

Standard RIA is performed in the liquid phase in the
presence of excess antigens. “I-labeled albumin and
antialbumin antiserum are used, with separation of bound
from free by the double-antibody technique. The sample
values are determined by comparison with a calibration
curve. Assays are sensitive, precise and inexpensive but
reagents are radioactive and have short shelf lives.
Commercial kits are available.

Enzyme-linked immunosorbent assay:

Both competitive and “sandwich” ELISAs are available.
Although the competitive ELISA is faster because it uses only
one incubation with antibody, it is reportedly less sensitive
and exhibits large variance. ELISA can be performed on a
microplate reader, allowing semiautomation. In the
sandwich assay the primary antibody ( antialbumin
antiserum) is fixed on the plastic plate, which is then washed.
Samples, controls and calibrators are added, and the
complexes detected and quantified by a second antibody are
conjugated to an enzyme label.

Immunoturbidometry:

Albumin in the urine sample forms an insoluble complex
with antibodies to human albumin. The turbidity caused by
the complexes is spectrophotometrically measured at 340nm
and provides a measure of albumin concentration. The
background absorbance of the initial urine sample is
automatically subtracted. This method is simple and less
expensive than RIA, and rapid analysis of large numbers of
samples is possible. The assays may be performed as either
kinetic or equilibrium reactions. Kits are commercially
available to be used on automated analyzers.

High antigen concentrations may cause a “hook” effect,
resulting in falsely low concentrations. This effect can be
avoided by screening of urine samples with a dipstick but may
not be necessary if the analyzer automatically test for antigen
€XCess.

A urinary tract infection or contamination with seminal or
menstrual fluid may produce false-positive results. High

-

Condition LI g/mi mg/24h Cortected(mg/g urine
creatinine)

Normal <20 <30 <30

Increased UAE 20200 | 30-300 30300

Macroalbuminuria | >200 >300 >300

physiological Ca** concentrations in the urine falsely increase
albumin values. The interference is abolished by the addition
of EDTA, which has been incorporated into commercial
assay.

Reference: intervals interval for Microalbuminuria is as
shown below:

Pase I
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CONCLUSION

Microalbuminuria is an early maker of glomerular injury.
Screening may be performed with a semiquantitative assay.
If the screen is positive, UAE should be evaluated by a
quantitative assay.

If the confirmatory test is positive, treatment with an
angiotensin-converting enzyme (ACE) inhibitor would
retard the Microalbuminuria and prevent progression to overt
renal failure.

Recommendation
Paediatric patients should undergo periodic screening for
Microalbuminuria .

REFERENCES

1.

10.

11.

12.

13.

14.

Verroti A, Catino M, Di-Riccol et al. Prevalence of
microvascular complications in diabetic children and
adolescents. Acta Paediatr. 1999; 88: S35-38

Solardi S, Carriari E, Pascucci MG et al.
Microalbuminuria in diabetic children and adolescents;
relationship with puberty and growth hormone. Acta
Paediatr Scand 1990; 79: 437-439

Janssen WM, De-Jong PE, De-Zeeuwd. Hypertension
and renal disease: role of Microalbuminuria. J Hypertens
suppl 14: 173-177

Albert M, Ribstein J, Guihem Du Cailer.
Microalbuminuria in essential hypertension, current
opinion in nephrology and hypertension. 1999; 8: 359-
363.

Kilaru P. Bakris Gl. Microalbuminuria and progressive
renal disease. J Hum Hypertens 1994; 8: 809-811.
Marshall SM. Screening for Microalbuminuria: which
measurement ? Diabetic Med 1991; 8: 706-711.

Mimran A, Ribstein J, Ducarlar G. Microalbuminuria in
essential hypertension: Current opinion in nephrology
and hypertension 1999; 8: 359-363.

Winocour PH. Microalbuminuria: Worth screening for
in early morning urine samples in diabetic, hypertensives
and elderly patients. BMJ 1992; 304:1196-1197.
Hasskcher CH, Ritz E, Wahl P, Michael C. Similar risk
of nephropathy in patients with type I or type II diabetes
mellitus. Neprol Dial Transplant 1989; 4: 859-863

Croz CC, Spitzer A. When you find protein or blood in
the urine. Contemporary Paediatr 1998; 15: 89-109.
Ginsberg JM, Chang BS, Matarese RA et al. Use of
single voided urine samples to estimate quantitative
proteinuria. N EnglJ Med 1983; 309: 1543.

Yusuf S, Sleight P, Pogue J et al. The heart outcomes
prevention evaluation study investigators. Effect of an
angiotensin converting enzyme inhibitor ramipril, on
cardiovascular events in high risk patients. N Engl J Med
2000; 342: 145-153.

Miettinen H, Haffner SM, Lehto S et al. Proteinuria
predicts stroke and other atherosclerotic vascular disease
events in non diabetic and non insulin dependent diabetic
subjects. Stroke 1996; 27: 2033-2039.

Borch-Johnson K, Feldt-Rasmussen B, Strandgaard S et
al. Urinary albumin excretion. An independent predictor
of ischaemic heart disease. Atheroscle Thromb Vasc
Biol. 1999; 19: 1992-1997.

The Nigerian Health Journal, Vol. 11, No 1, January - March 2011

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Yudkin JS, Forest RD, Jackson CA. Microalbuminuria
as predictor of vascular disease in non diabetic subjects.
Lancet 1988; 2: 530-533.

Roine I. Microalbuminuria: an index of severity in
childhood meningitis. The paediatr Infect Dis 1993; 12 :
584-588.

Sawyer N, Wadsworth J, Wijnen M et al. Prevalence,
concentration and prognostic importance of proteinuria
in patients with malignancies. B Med J 296; 1295-1298.

. Viberti G. Prognostic significance of Microalbuminuria.

Am JHypertens 1994; 7: 695-725.

Karlen J, Linne T, Wilkstad I, et al. Incidence of
Microalbuminuria in children with pyelonephritis
scarring. Pediatr Nephrol 1996; 10: 705-708.

Srinivas M, Agarwala S, Padhy AK, et al. Somatic
growth and renal function after unilateral nephrectomy
for wilms tumour. Paediatr-surg-intern 1988: 185-188.
Chevalier C, Hadj-Aissa A, Brunat- Mentigny M, et al.
Renal function after nephrectomy for wilms tumour.
Arch-Paediatr 1997; 7: 639-644

Viberti G, Hill RD, Jarrett RJ, et al. Microalbuminuria as
a predictor of clinical nephropathy in insulin-dependent
diabetes mellitus. Lancet 1982; 1:1430-1432.

Mogensen CE, Christensen CK. Predicting diabetic
nephropathy in insulin- dependent patients. N Eng J
Med 1984; 311: 89-93.

Sergent GR. Sickle cell disease : oxford University press,
London. 1985:1-222.

Falk RJ, Jenette JC: Renal disease In : Embury SH,
Hebbel RP, Mohandas N, Steinberg MH eds. Sickle cell
disease. Basic principles and clinical practice. New York,
Raven Press limited, (publishers) 1994: 673-679.
Scheinman JI. Sickle cell nephropathy. In : Barrat TM,
Avner ED, Harman WE eds. Paediatric nephrology, 4"
ed. Baltimore, Lippincott Williams and Wilkins 1999:
497-506.

Vichinsky EP, Lubin BH. Sickle cell anaemia and related
haemoglobinopathies. Paed Clin North Am 1980; 27:
436

Van Eps LWS, De Jong PE. Sickle cell disease. In :
Schrier RW ed. Diseases of the kidney and urinary tract,
7" ed. Philadelphia, Lippincott Williams and Wilkins
2001;111:2281-2299.

Ataga KI, Orringer EP. Renal abnormalities in sickle cell
disease. Am J Hematol 2000; 63: 205-211.

Allon M. Renal abnormalities in sickle cell disease. Arch
Intern. Med 1990; 150: 501-504.

Van Eps LW, Leeksma OC. Sickle cell nephropathy . In :
Remuzzi G Rossi CE eds. Haematosis and the kidney.
Lexisnexis, Butterworths and co limited ( publishers)
1989: 169-190.

Platt SO, Dover GJ. Sickle cell disease In : Nathan DG,
Oski FA eds. Haematology of Infancy and Childhood.
Philadelphia, WB Saunders CO ( publishers ) 1993: 732-
782

Barrat-Conner E. Bacterial infection and sickle cell
anaemia, an analysis of 250 infections in 166 patients and
areview of theliterature. Medicine 1971; 50: 97-112.
Pardo V, Strauss J, Kramer H, Ozawa T, McIntosh RM.
Nephropathy associated with sickle cell anaemia : an
autologous immune complex nephritis 11.
Clinicopathologic study of seven patients. Am J Med



35.

36.

37.

38.

39.

40.

41

42

43

44

45

46

47

48

49

50

51

52

Yaguo lde L.E - Microalbuminuria: A Review

1975;59: 650-659.

Strauss J, Pardo V, Koss MN et al. Nephropathy
associated with Sickle cell anaemia . An autologous
immune complex nephritis 1. Studies on nature of
glomerular-bound antibody and antigen identification in
a patient with Sickle cell disease and immune deposit
glomerulonephritis. Am J Med 1975; 58: 382-387.

Fox SI. Physiology of the kidneys. In : Human
Physiology. Boston, WBC, McGraw-Hill, 1999: p.528.

Van Eps LWS, De Jong PE. Sickle cell disease. In :
Schrier RW, Gott Schalk CW eds. Disease of the kidney.
Boston, Little Brown and Co (publishers) 1997: 561-590.
Brezis M, Rosen S. Hypoxia of the renal medulla, its
implication for disease. N Engl J Med 1995; 332: 647-
653.

Rubin MI, Baliah T. Urinalysis and its clinical
interpretation. Paed clin North Am 1971; 18: 245-264.
Ugwu RO, Eke FU, Urinary abnormalities in children
with sickle cell anaemia. Port Harcourt Medical Journal
2007;2:43-50

Adedoyin OT, Akindele JA, Ajayi OA et al Urinalysis in
Clinically Stable Nigerian children. Nig J Paediatr 2002;
27:1-5

Oviasu E, Oviasu SVA. Urinary abnormalities in
asymptomatic adolescent Nigerians. W AfrJ Med 1994;
13:152-155

Ekunwe EO. Odunjirin OMT. Proteinuria and blood
pressure profile in Lagos school children. Nig J Paediatr
1989; 16: 15-22

bdurrahman MB, Chakrabarty DP, Ochoga SA.
Bacteriuria and other urinary abnormalities among
primary school children in Kaduna. Nig J Paediatr. 1978;
5(2):21-24

Akinkugbe FM, Familusi JB, Akinkugbe OQO.Urinary
tract infection in infancy and early childhood. East Afri
Med J1973;50: 514-520

Akinkugbe FM, Akinwolere OAQO, Oyewole AIM.
Isolated proteinuria in asymptomatic Nigerian
children. NigJ Paediatr 1991; 18:32-36

Ikimalo FE. Urinary Screening for detection of
Asymptomatic Haematuria and Proteinuria in children
in an Urban and Periurban School, Port Harcourt , Rivers
State. FMCPaed Thesis National Postgraduate Medical
College of Nigeria, 1999.

Onifade EU. A Study of Proteinuria Among Rural,
Primary School Children FMCPaed Thesis National
Postgraduate Medical College of Nigeria, 1992.

Ibadin MO, Onunu A, Unuigbe E, et
al.Microalbuminuria in adolescent/young adult
offspring of hypertensive Nigerian adults. Nig J Clin
Pract2004; 7: 60-64.

Aoki RY, Saad ST. Microalbuminuria in sickle cell
disease. Braz.J Med Boil. Res. 1990;23: 1103-1106
Datta V, Ayenger JK, Karpates S, Chaturvedi P.
Microalbuminuria as a predictor of early glomerular
injury in children with sickle cell disease. Indian J Paed.
2003;70: 307-309.

McBurney PG, Hanevold CP, Hermandes CM, Walter
JL, Mckie KM. Risk factors for Microalbuminuria in
children with Sickle cell anaemia. J Paediatr Hematol
Oncol. 2002; 24:473-477.

The Nigerian Health Journal, Vol. 11, No 1, January - March 2011

53

54

55

56

57.

58

59

60

61

62

63

64

65

66

67

68

69

Dharnidharka VR, Dabbagh S, Atiyeh B et al.
Prevalence of Microalbuminuria in children with sickle
cell disease. Paediatr Nephrol 1998;12:475-478

Dirckx JH, Stedmans concise medical dictionary for
health professionals. 4" edition Baltmore. Lippincott
Williams and Wilkins. 2001: 662.

Sesso K, Almeida MA, Figueirido MS et al, Renal
dysfunction in patients with sickle cell anaemia or sickle
cell trait. Braz J Med Biol Res 1998; 31:1257-1262.
Yaguo Ide LE. Prevalence of Microalbuminuria in
Paediatric Patients with sickle cell anaemia attending the
Anaemia Clinic of University of Port Harcourt Teaching
Hospital. FMCPaed National Postgraduate Medical
College of Nigeria. November, 2008.

Abhulimhen-Iyoha B.J Microalbuminuria in children
with sickle cell anaemia in Benin city. FMCPaed
National Postgraduate Medical College of Nigeria.
April 2007.

Eke C.B Microalbuminuria in children with Sickle cell
anaemia seen at University of Nigeria Enugu Teaching
Hospital FWACP April 2010.

De Jong PE, Brenner MB. From secondary to primary
prevention of progressive renal disease: The case for
screening for albuminuria. Kidney Int 2004 ; 66: 2109-
2118.

Brenner BM, Meyer TW, Hostetter TH. Dietary protein
intake and progressive nature of kidney disease :The role
of hemodynamically mediated glomerular injury in the
pathogenesis of progressive glomerulosclerosis in aging,
renal ablation and intrinsic renal disease N Engl J Med
1982;307:652-659

Abbate M, Zoja C, Corna D et al. In: Progressive
nephropathies overload of tubular cells with filtered
proteins translates glomerular permeability dysfunction
into cellular signals of interstitial inflammation. J Am
Socnephrol 1993;9:1213-1224.

Oldrizzi L, Rugiu C, De Biase V, Maschio G. The place
of hypertension among risk factors for renal function in
Chronic renal failure. Am J Kidney Dis 1993; 21: 119-
123.

Williams PS, Fass G, Bone JM. Renal pathology and
proteinuria determine progression in untreated mild /
moderate Chronic renal failure. QJM 1988; 67: 343-354.
Maschio G, Oldrizzi L, Rugiu C et al. Factors affecting
progression of renal failure in patients on long term
dietry protein restriction. Kidney Int 1987; 32: 49-52.
Perneger TV, Whelton PK, Klag MJ. Race and end stage
renal disease, socioeconomic status and access to
healthcare as mediating factors. Arch Int Med 1995; 155:
1201-1208.

Bonnet F, Deprele C, Sassolas A et al. Excessive body
weight as a new independent risk factor for clinical and
pathological progression in primary IgA nephritis. Am J
Kidney Dis 2001; 37: 720-727.

Orth SR, Ritz E, Schrier RW. The renal risk of smoking.
Kidney Int 1997; 51: 1669-1677.

Brenner BM, Chertow GM. Congenital
Oligonephropathy and the etiology of adult
hypertension and progressive renal injury. Am J Kidney
Dis. 1994;23:171-175.

Silbiger SR, Neugarten J. The impact of gender on the
progression of chronic renal disease. Am J Kidney Dis.

223 o



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

Yaguo lde L.E - Microalbuminuria: A Review

1995;25:515-533.

Metcalf PA, Barker JR, Scragg RK et al
.Microalbuminuria in a middle aged work force, effect of
hyperglycaemia and ethnicity. Diabetes care 1999; 16:
1485-1493.

Hoy WE, Rees M, Kile E et al. A new dimension to the
Barker hypothesis. Low birth weight and the
susceptibility to renal disease. Kidney Int 1999; 56: 1072-
1077.

Lackland DT, Bendall HE, Osmond C, Egan BM, Bark
DJ. Low birth weight contribute to high rates of early on
set chronic renal failure in the south eastern united states.
Arch Intern Med 2000; 160: 1472-1476.

Brenner BM, Chertow GM. Congenital
Oligonephropathy. An inborn course of adult
hypertension and progressive renal injury? Curr Opin
Nephrol Hypertens 1993; 2: 691-695.

Gould MM, Mohamed-Ali V, Goubet SA et al.
Microalbuminuria association with height and sex in non
diabetic subjects. BMJ 1993; 306: 240-242.

Hillege HL, Janssen WM, Bak AA et al.
Microalbuminuria is common, also in non diabetic, non
hypertensive population, and an independent indicator
of cardiovascular risk factors and cardiovascular
morbidity. J Intern Med 2001; 249: 519-526.

DamsGaard EM, Froland A, Jorgensen OD, Mogensen
CE. Microalbuminuria as predictor of increased
mortality in elderly people BMJ 1990; 300: 297-300.
Verhave JC, Hillege HL, Burgerhof JGM et al.
Cardiovascular risk factors are differently associated with
urinary albumin excretion in men and women. J Am Soc
Nephrol 2003; 14: 1330-1335.

Lindeman RD, Shock TJ. Longitudinal studies on the
rate of decline in renal function with age. J] Am Geriatr
Soc 1985; 33:278-285.

Yudkin IS, Phillips DL, Stanner S. Proteinuria and
progressive renal disease: Birth weight and
Microalbuminuria. Nephrol Dial Transplant 1997; 12:
10-13.

Parring HH, Oxemball B, Svendsen PA et al. Early
detection of patients at risk of developing diabetic
nephropathy. Acta Endocrinol 1982; 100: 550-555.
Rudberg S, Person B, Dahlquist G. Increased glomerular
filtration rate as a predictor of diabetic nephropathy. An
8year prospective study. Kidney Int 1992; 41: 822-828.
Mogensen CE, Microalbuminuria predicts clinical
proteinuria and early mortality in maturity onset
diabetes. N Engl Med 1986;310:356 360

Stehouwer CDA, Fischer HRA, Van kuude AWR, et al.
Endothelial dysfunction precedes development of
Microalbuminuria in insulin dependent diabetes
mellitus. Diabetes 1995; 44: 561-564.

Stehouwer CDA, Nauta JJP, Zeldenrust GC et al.
Albuminuria, Cardiovascular disease and endothelial
dysfunction in non insulin dependent diabetes mellitus.
Lancet 1992; 340:319-323

Parving HH, Mogensen CE, Jensen HA, Evrin PE.
Increased urinary albumin excretion rate in benign
essential hypertension. Lancet 1974; 1: 1190-1192
Metcalf P, Baker J, Scott A, et al. Albuminuria in people
at least 40 years old: Effect of obesity, hypertension, and
hyperlipidaemia. Clin chem. 1992; 38:1802-1808.
Pedrinelli R, Glampietro O, Carmassi F, et al.

The Nigerian Health Journal, Vol. 11, No 1, January - March 2011

88

89

90

91

92

93

94

95

96

97

98

99

Microalbuminuria and endothelial dysfunction in
essential hypertension. Lancet 1994; 344: 14-18
Cerasola G, Corrone S, Mule G, et al.
Microalbuminuria, renal dysfunction and cardiovascular
complication in essential hypertension. Hypertens
1996; 14:915-920

Valensi P, Assayayag M, Busby M, et al.
Microalbuminuria in obese patients with or without
hypertension. In J obesity 1996; 20:574-579
Pinto-Sietsma SJ, Navis G, Janssen WMT, et al. A
central fat distribution is related to renal function
abnormalities, even in lean subjects. Am J kidney Dis
2003;41:733-741

Ribstein J, Du cailar G, Mimran A. Combined Renal
effects of overweight and Hypertension. Hypertension
1995;26:610-615

Pinto-sietsma SJ, Mulder J, Janssen WM, et al. smoking
is related to albuminuria and abnormal renal function in
non-diabetic persons. Ann Intern Med 1998;158:1933-
1939

Briganti EM, Branley P, Chadban SJ et al. Smoking is
associated with renal impairment and proteinuria in
normal population.
Mantarri M, Tiula E, Alikoski T, ManninenV. Effects of
hypertension and dyslipidemia on the decline in renal
function. Hypertension 1995; 26: 670-675
Du cailar G, Ribstein J, Mimran A. Dietary sodium
and target organ damage in essential hypertension. Am J
Hypert2002; 15:222-229
Tuomilehto J, Jousllahti P, Rasieyfe D, et al. Urinary
sodium excretion and cardiovascular mortality in
Finland. A prospective study. Lancet 2001; 357: 848-851
Monster TB, Janssen WM. De Jong PE, Jong-Van Den
Berg LTW. Oral contraceptives and hormone
replacement therapy are associated with
Microalbuminuria. Arch Intern Med 2001; 161:2000-
2005

Ribstein J, Halimi JM. Du CG, Mimran A. Renal
characteristics and effect of angiotensin suppression in
oral contraceptives users. Hypertension 1999;33:90-95
Kang AK, Duncan JA, cattran DC et al. Effect of oral
contraceptives on the renin angiotensin system and renal
function. Am J Physiol Regul Integr Comb Physiol
2001;280:807-813

100 Rowe DJF, Dawney A, Watts GF: Microalbuminuria in

diabetes mellitus: review and recommendation for the
measurement of albumin in urine Ann clin Biochem
1990;27:297-312

101 Ganong WF. Renal function and micturition. In: Butler

JP, Suver AM, Langman C eds. Review of medical
physiology, 18" edition, Stamford, Appleton and Lange
(publishers) 1997: 653-681.

102 Rowe DJ, Bagga H, Betts PB. Normal variations in rate

of albumin excretion and albumin to creatinine ratios in
overnight and day time urine collections in non diabetic
children. BMJ 1985; 291: 693-694.

23 o





