
MICROALBUMINURIA
BIOCHEMISTRY, EPIDEMIOLOGY
AND CLINICAL PRACTICE

Microalbuminuria, the abnormal urinary excretion of albumin, is recognised as an important
independent marker of both renal and cardiovascular disease, particularly in diabetes mellitus.
This volume is the only comprehensive and up-to-date review of the relevance of microalbu-
minuria to health and disease. It covers the pathophysiology and epidemiology of microalbu-
minuria, methodology of laboratory assessment, as well as a discussion of the non-specific
nature of microalbuminuria in less well-recognised clinical situations. This is the first book to
deal in detail with the treatment of microalbuminuria in diabetic and non-diabetic subjects.

It will provide an essential source of reference and a guide to clinical practice for diabetol-
ogists, endocrinologists, cardiologists, renal physicians and clinical biochemists.

DR PETER WINOCOUR trained in diabetes and endocrinology in Manchester and Newcastle
and has published numerous articles on dyslipidaemia, hypertension and nephropathy,
particularly in diabetes mellitus. Born in Glasgow on 2nd December 1956, he trained at the
University of Glasgow and has served as a committee member of the British Hyperlipidaemia
Association. His MD thesis was on the subject of metabolic control and complications in
insulin-dependent diabetes mellitus. He is Consultant Physician at the Queen Elizabeth II
Hospital, Welwyn Garden City, and Honorary Senior Lecturer at the Royal Free Hospital
School of Medicine, London.

DR SALLY MARSHALL graduated with first class honours in biochemistry from the University
of Glasgow in 1975, and with MB ChB in 1978. Her MD, for a thesis on microalbuminuria in
diabetes, was awarded in 1990. She has published numerous articles on diabetes, particularly
on several aspects of diabetic nephropathy. She has served as a committee member of the
European Diabetic Nephropathy Study Group and is currently Chairman of the Professional
Advisory Committee of the British Diabetic Association. She is Reader in Diabetes in the
University of Newcastle upon Tyne, and Honorary Consultant Physician in the Royal
Victoria Infirmary NHS Trust.





MICROALBUMINURIA
Biochemistry, epidemiology and clinical practice

PETER H. WINOCOUR
Consultant Physician, Queen Elizabeth II Hospital, Welwyn Garden City,
Honorary Senior Lecturer, Royal Free Hospital School of Medicine

and

SALLY M. MARSHALL
Reader in Diabetes Medicine, Department of Medicine, University of Newcastle upon Tyne,
Honorary Consultant Physician, Royal Victoria Infirmary, Newcastle upon Tyne

Foreword by

K. G. M. M. ALBERTI

CAMBRIDGE
UNIVERSITY PRESS



PUBLISHED BY THE PRESS SYNDICATE OF THE UNIVERSITY OF CAMBRIDGE
The Pitt Building, Trumpington Street, Cambridge CB2 1RP, United Kingdom

CAMBRIDGE UNIVERSITY PRESS

The Edinburgh Building, Cambridge CB2 2RU, UK http://www.cup.cam.ac.uk
40 West 20th Street, New York, NY 10011-4211, USA http://www.cup.org
10 Stamford Road, Oakleigh, Melbourne 3166, Australia

© Cambridge University Press 1998

This book is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without
the written permission of Cambridge University Press.

First published 1998

Printed in the United Kingdom at the University Press, Cambridge

Typeset in Times ll/14pt by Keyword pic, Wallington, Surrey

A catalogue record for this book is available from the British Library

ISBN 0 521 45703 3 paperback

Every effort has been made in preparing this book to provide accurate and up-to-date information
which is in accord with accepted standards and practice at the time of publication. Nevertheless, the
authors, editors and publisher can make no warranties that the information contained herein is totally
free from error, not least because clinical standards are constantly changing through research and
regulation. The authors, editors and publisher therefore disclaim all liability for direct or consequential
damages resulting from the use of material contained in this book. Readers are strongly advised to pay
careful attention to information provided by the manufacturer of any drugs or equipment that they
plan to use.



Contents

Preface page vii
Foreword by Professor K. G. M. M. Alberti ix

1 Renal structure and physiology 1
2 Measurement and expression of microalbuminuria 11
3 Epidemiology and determinants of microalbuminuria

in health 40
4 Microalbuminuria in diabetes mellitus 53
5 Microalbuminuria as a marker of endothelial dysfunction 97
6 Microalbuminuria, cardiovascular risk factors and

cardiovascular disease 116
7 Microalbuminuria as a non-specific marker of disease 177
8 The management of microalbuminuria in diabetes

mellitus and essential hypertension 191
Index 245





Preface

The interest in, and importance of, microalbuminuria is reflected in the expo-
nential increase in the number of publications on the topic over the last few
years. We recognised at commissioning of this book in 1993 that we were
chasing a rapidly moving target. In persevering with this flood of literature
our objective was to temper the enthusiastic discussion of microalbuminuria
as a one-dimensional risk factor in diabetes and to broaden the discussion into
other areas of general medicine. At the same time, we have tried to put the
difficulties surrounding the measurement of microalbuminuria and the treat-
ment of microalbuminuria in diabetes into an appropriate clinical context. We
were also encouraged by the knowledge that such a book covering the broad-
est aspects of microalbuminuria had not previously been written.

Our interest in the subject has been stimulated over the last 15 years by our
initially separately developed interests in Manchester and Newcastle, and
subsequently by the opportunity to work together in George Alberti's power-
house in the Department of Medicine, University of Newcastle upon Tyne
from 1993 to 1997. The unplanned geographical splitting and conversion for
one of us, from a University teaching post to a full-time National Health
Service position, has added a touch of excitement regarding communication
and ensuring that the manuscript is up to date. Modern technology has not
totally alleviated these difficulties.

In addition to our undoubted gratitude to George Alberti, we would like to
thank our many other colleagues and mentors who have provided stimula-
tion and moral support over the last 15 years: Professor David Anderson, Dr
Harold Cohen, Professor Paul Durrington, the late Dr John Ireland, Dr
Rudy Bilous, Dr Jean Mcleod, Dr Carlo Catalano, Dr Steve Jones, Dr
Martin Rutter, Dr Deepak Bhatnagar, Dr Laura Baines, Mrs Catherine
White, Mrs Pat Shearing, Professor Philip Home, Professor Robert
Wilkinson, Dr Trevor Thomas, and Professor Roy Taylor.
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viii Preface

Finally we must acknowledge the patient and expert support from the staff
of Cambridge University Press for bearing with us in times of chaos and
confusion.

The book is dedicated to our families and friends who have borne the
brunt of our frustrations in the preparation of this manuscript.

Peter H. Winocour
Welwyn Garden City

Sally M. Marshall
Newcastle upon Tyne



Foreword

The appearance of small amounts of albumin in the urine, which were
less than those detected by conventional methods at the time but higher
than normal, was first noted by Professor Keen and colleagues in the
1960s. Little further was done for 15 years until groups in London and
Denmark started to look in more detail at urine protein excretion in
people with diabetes. This intermediate grade of proteinuria between
dip-stick detectable and normal was referred to as microalbuminuria -
a totally inaccurate name but one that has stuck! Since then a vast
amount of work has accumulated and many publications on the subject
have appeared. Of particular interest is the fact that these small amounts
of protein in the urine are associated not just with more rapid progres-
sion to end stage renal failure but with subsequent cardiovascular disease
mortality and morbidity. Initially, studies focused on type 1 diabetes, but
now there is much literature on type 2 as well, and increasing awareness
of the relevance of microalbuminuria in non-diabetic renal and vascular
disease.

For many physicians the amount of literature on microalbuminuria is
overwhelming and hence tends not to be read. The present book by Drs
Winocour and Marshall provides a succinct account of what we know
about microalbuminuria, not just in relation to renal function but with
regard to the broader aspects of diabetes. The book fills a large gap in
the diabetes and renal literature. Importantly, the relevance of micro-
albuminuria in non-diabetic hypertension and other medical conditions
is also examined. The book will, I hope, be of benefit to many people
working in diabetes who would like to be updated but do not have time
to hunt through voluminous tomes in dusty libraries or scan the Internet.
It should be of particular interest to those working on complications in
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diabetes, but will also appeal to students and generalists alike interested
in glomerular and cardiovascular disease.

K.G.M.M. Alberti
President,

Royal College of Physicians, London
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Renal structure and physiology

The kidney is an organ with endocrine properties, and the capacity to synthe-
sise and catabolise proteins. However, its fundamental role is to remove fluid
and potentially toxic substances by the production of urine as an ultrafiltrate
of plasma, and to maintain homeostasis of body protein. These latter func-
tions are the task of the nephron, a microscopic unit comprising the glomer-
ulus, Bowman's capsule, proximal and distal convoluted tubules, and the
collecting ducts (Fig. 1.1). The various components of the nephron interact
with the systemic circulation, thereby influencing renal handling of plasma
proteins. Before discussing this in detail, the structure of the nephron com-
ponents will be summarised briefly.

The glomerulus is a capillary network composed of a thin layer of endothe-
lial cells, a central region of mesangial cells with surrounding mesangial
matrix material, visceral epithelial cells with associated basement membrane,
and the parietal epithelial cells of Bowman's capsule with its basement mem-
brane. Bowman's (urinary) space lies between these two epithelial layers, and
afferent and efferent arterioles control the capillary blood flow (Fig. 1.1).
Glomeruli are innervated by autonomic nerves, and neural control may be
particularly important in the larger juxtamedullary glomeruli, close to which
is the site of renin secretion.

Molecules in the glomerular ultrafiltrate may traverse the filtration bar-
rier from blood into the urinary space. The barrier has three major com-
ponents (Fig. 1.2):

1. Capillary endothelial cells: These are perforated by fenestrae up to 100 nm in
diameter, close to which is an extensive network of filaments and microtu-
bules. They have a negative surface charge due to the presence of podocal-
cyn, a polyanionic glycoprotein. The structure and function of endothelial
cells will be discussed in more detail in Chapter 5.

1
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Mechanisms of urinary protein excretion 3

2. Glomerular basement membrane: These also possess a fixed negative charge,
the anionic sites consisting of glycosaminoglycans (GAGs) associated with
procollagen-like molecules.

3. Visceral epithelial cells: These are also known as podocytes, and are the
largest cells in the glomerulus. They possess long cytoplasmic trabeculae
which divide into 'foot processes' and come into close contact with the
glomerular basement membrane. The 'slit pores' are the gaps between adja-
cent foot processes. As with the other barrier components, the surface of the
podocyte foot processes is negatively charged, due to the presence of sialic
acid. Podocytes are responsible in part for the synthesis and maintenance of
basement membrane components such as collagen, prostaglandins and
GAG.

The glomerular mesangial cells, adjacent to the endothelium, are in fact
specialised pericytes which possess smooth muscle cell and phagocytic prop-
erties. Their main function is to provide structural support for capillary
loops, but contractile properties in response to vasoactive agents confer the
ability to reduce glomerular nitration. The surrounding matrix is composed
of sulphated GAG, fibronectin, and laminin. The cells of the proximal con-
voluted tubule contain membrane bound organelles (lysosomes) adjacent to
the lumen, which are involved in endocytotic protein reabsorption. The sub-
sequent tubular components are more fundamentally involved with electro-
lyte handling and urinary concentration and acidification, although distal
tubular feedback in response to rate of urine flow and solute (particularly
chloride) entry appears to then exert control over intrarenal (i.e. glomerular)
haemodynamics, a process known as autoregulation.

Mechanisms of urinary protein excretion (Table 1.1)

Under physiological conditions, normal urine contains no more than one-
millionth of the 12 600 g of protein filtered daily by the glomeruli. This
reflects the efficiency of the glomerulus as a sieve, and the reabsorptive capa-
city of the tubular cells (Fig. 1.3). Perhaps no more than 60 % of urinary
protein excretion is normally derived from the glomerular ultrafiltrate of
plasma, the remainder produced by the kidney and the lower urinary tract.
Glomerular and, to a lesser extent tubular protein handling are the most
important determinants of abnormal patterns of protein excretion.

The initial glomerular ultrafiltrate is the net balance of the transcapillary
hydraulic pressure and intravascular colloid osmotic pressure, respectively
reflecting efferent arteriolar flow rate and pressure, and plasma protein con-
centration. As mentioned earlier, renal vascular flow is influenced by neural
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Table 1.1. Factors determining the constituents of excreted
urinary protein

Glomerular protein filtration
1. Renal plasma flow
2. Oncotic pressure
3. Protein size
4. Protein charge
5. Protein configuration
6. Glomerular basement membrane integrity and charge

Tubular protein handling
1. Tubular reabsorptive capacity
2. Competition from other proteins and solutes
3. Tubular secretion
4. Tubular catabolism
5. Tubulo-glomerular feedback

Renal tract protein excretion
1. Distal tubular secretion

Lower genito-urinary tract protein secretion and extravasation

artery arteriole

tubule

glomerular
capillary

1. GLOMERULAR
FILTRATION

2. TUBULAR SECRETION
3. TUBULAR

REABSORPTION

peritubular
capillary

vein

urinary
excretion

Fig. 1.3. The three basic components of normal urine production.
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factors, tubulo-glomerular feedback, and also hormones and vasoactive sub-
stances (Table 1.2). Although renal blood flow usually reflects systemic blood
flow and is a major determinant of glomerular filtration, it is attenuated by
adrenergic neural activity. Furthermore, considerable variation in intrarenal
haemodynamics is known to take place in response to local vasoconstrictive
influences, such as angiotensin II and vasodilatory prostaglandins. Individual
characteristics of plasma proteins (plasma concentration, size, charge, con-
figuration and rigidity) and the integrity of the glomerular filtration barrier
also determine the composition of the ultrafiltrate. Most circulating proteins
have net negative charges, particularly those of the molecular weight of
albumin or lower, and there is electrostatic repulsion between the protein
molecules and the filtration barrier, since both are polyanionic. Molecules
with neutral electrical charge such as IgG are less influenced by the poly-
anionic nature of the barrier, whereas molecules with a net positive charge
more easily interact with the barrier1. Thus small uncharged molecules such
as beta2- microglobulin, retinol-binding protein and alphai-microglobulin
(up to 30 kdaltons (kd)) pass freely into the urinary space in addition to
water and electrolytes, whereas the passage of negatively charged molecules
of intermediate size, such as albumin (67 kd), is normally impeded at the
endothelial surface of the glomerular basement membrane.

Both diffusion and filtration (bulk flow) contribute to transglomerular
protein passage. The selectivity index is based on the fractional excretion
of two molecules of different size and charge, such as albumin and IgG. It
can be used to confirm that the restrictive properties of the glomerular barrier
remain intact. Factors such as non-enzymatic glycation (vide infra) may alter
the charge of proteins and of the filtration barrier, thereby modifying this
process2. Molecular heterogeneity of individual proteins may also alter glo-
merular handling in healthy subjects. For example, there is evidence that
excessive binding of non-esterified fatty acids to albumin leads to distinctive
changes in conformation, size, charge and ligand reactivity, with subsequent
increased excretion and different chromatographic patterns of albuminuria3.
This selectivity is lost in disease, when albumin with a low fatty acid content
is excreted in greater amounts.

Thereafter, filtered proteins are normally reabsorbed by cells of the prox-
imal convoluted tubule. This is achieved by pinocytosis, an energy-dependent
process with high capacity but low affinity. As in the glomerulus, tubular cells
selectively reabsorb proteins. The mechanism is not fully understood,
although charge-charge interactions appear to influence the concentration
of luminal proteins stored in endocytotic vesicles at the apex of tubular
epithelial cells. Specific receptor-mediated uptake has not yet been demon-
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Table 1.2. Hormonal and vasoactive factors which modify renal blood flow

Vasodilators Vasoconstrictors

Prostaglandin E! and E2 Angiotensin II
Serotonin (5HT) Adrenaline
Acetylcholine Insulin-like growth factor 1
Cyclic AMP Epidermal growth factor
Endothelial-derived relaxing factor (nitric oxide) Leukotrienes
Growth hormone Endothelin
Atrial natriuretic peptide Vasopressin
Bradykinin
Insulin
Insulin-like growth factor I (pharmacological effect)
Glucagon

strated, but it does appear that proteins may compete for uptake, with
increased filtration of either low or high molecular weight proteins leading
to increased urinary excretion of other proteins4'5. Tubular protein uptake
may also be modified by urinary flow rates, and impeded by solute compo-
nents such as glucose, amino acids, ketone bodies and toxic proteins such as
immunoglobulin light chains. Following reabsorption, partial intracellular
hydrolysis to amino acids, and then secretion into the circulation takes
place. Under certain conditions, transtubular transport of intact protein
may occur. Fractional reabsorption of low molecular weight proteins in
healthy individuals has been estimated at 99.97 %, whereas that of albumin
varies between 92 and 99 %.

Direct tubular secretion of proteins also contributes to urinary protein
excretion. The Tamm Horsfall mucoprotein is a large (23 000 kd) acidic
glycoprotein derived from the epithelial surface membranes of the thick
ascending loop of Henle and the early distal convoluted tubule. It is the
major constituent of urinary casts, and has recently been shown to be iden-
tical in sequence to uromodulin, suggesting a common role in inactivation of
lymphokines such as interleukin (IL-1) and tumour necrosis factor.

Secretory IgA normally accounts for < 3 % of urinary protein. It is
secreted from tubular epithelial cells to help maintain a sterile urine.
Urokinase is one of several urinary enzymes of intermediate size (31 and
55 kd) which appear in normal urine. It probably acts as an antifibrinolytic
agent and may help in cast removal. Tubular secretion of enzymes such as
n-acetyl-glucosaminosidase (NAG) may have functional importance, and
excretion of high concentrations may reveal tubular damage. Lesser amounts
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of urinary proteins and glycoproteins are also derived from seminal, pros-
tatic, urethral and vaginal secretion, but ejaculation does not appear to
influence the albumin excretion rate6.

Structure and function of albumin and other plasma proteins excreted
in normal urine (Table 1.3)

Albumin is the most abundant plasma protein (usual concentration 36-50
g/1). It is derived from the liver, and synthetic rates are highly responsive to
any change in requirements consequent upon loss of circulating albumin. It
has a relatively long half-life of 2-3 weeks. Its main functions are to maintain
colloid osmotic pressure within the intravascular compartment, and as
a transporter of ions, water insoluble substances such as lipids and
non-esterified fatty acids, hormones and drugs. Catabolism of albumin
takes place predominantly in the liver and kidney.

Retinol-binding protein (RBP) is an oc-globulin, which is synthesised in the
liver, and circulates in the blood bound to prealbumin. The size of the cir-
culating complex prevents filtration through the glomerulus. The affinity for
prealbumin lessens following delivery of retinol to the target epithelial tissues,
when RBP then undergoes complete glomerular filtration and catabolism in
the proximal renal tubules. In normal subjects serum levels of RBP are over
one thousand times higher than in urine7.

P2-microglobulin is a cationic low molecular weight protein, which is
thought to be produced by normal white blood cells, and may be related
to the human leucocyte antigen (HLA) complex. It is freely filtered by the
glomerulus, but is not ideal as a marker of tubular function, as it is unstable
in urine, particularly at low pH.

oci-microglobulin is a glycoprotein synthesised in the liver, which appears
to be stable in acidic urine. It may bind to IgA and influence immune func-
tion8. IgG is one of the group of immunoglobulins synthesised by plasma
cells and which function as antibodies. They are synthesised from two heavy
and two light polypeptide chains. They form particularly in response to
soluble antigens such as bacterial toxins. Components of IgG such as
kappa or gamma light chains may also circulate and are freely filtered by
the glomerulus. Some 96 % of IgG is either neutral or cationic in charge,
which is in marked contrast to IgG4, the anionic subclass which is preferen-
tially excreted in normoalbuminuric subjects9.

Transferrin is the major iron-binding protein present in plasma. It trans-
ports iron from the sites of absorption and red cell breakdown, to the devel-
oping red cells in bone marrow. The binding sites of transferrin are normally
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Table 1.3. Size, charge, and renal excretion of plasma proteins in normal
subjects

Name

Albumin
Retinol-binding protein
p2-microglobulin
IgG
Transferrin
armicroglobulin
a i-acid glycoprotein
o^antitrypsin
Caeruloplasmin
Haptoglobin
Gc-globulin
Haemopexin
P2-glycoprotein

Molecular
weight
(Daltons)

67000
21000
11815

160000
90000
30000
44000
45000

160000
85000
50000
80000
40000

Charge

0
0
0
0
0
0
0
—
—
0
—
0

Normal
24 h excretion
(jxg/min; range)

0.100-15.000
0.016-0.173
0.021-0.257
1.340-1.700
0.090-0.326
0.902-6.250
0.125-0.469
0.130-0.391
0.032-0.042
0.000-0.290
0.011-0.033
0.099-0.199
0.150-0.338

Charge: 0 neutral;—anionic

about 30 % saturated. It has a slightly larger molecular weight than albumin,
but is of greater molecular charge, favouring tubular reabsorption over albu-
min.

Physiological determinants of proteinuria

Although a large number of plasma protein constituents of normal urine
have been identified (Table 1.3), the majority of proteins are not derived
from blood but, like Tamm Horsfall protein, are secreted from the kidney
or from the lower genito-urinary tract. Urinary excretion of albumin and
lower molecular weight proteins is enhanced by any factors which increase
the load filtered by the glomerulus, either by saturating tubular reabsorptive
capacity, or simply as a result of increased tubular volume and flow rate.
Thus, increased proteinuria in normal subjects would result from any situa-
tion of increased renal blood flow and glomerular filtration rates and/or
increased intraglomerular pressure and permeability. This is most clearly
seen during extracellular volume expansion with saline, but even simple
oral water loading appears to increase acutely the urinary excretion of albu-
min 10~12. The effect of water loading on excretion of retinol-binding protein
and other lower molecular weight proteins is less marked.
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Urinary albumin excretion also increases during the assumption and main-
tenance of an upright posture, regardless of the time, although particularly
by day, suggesting additional diurnal variation. The actual magnitude of
postural variation varies considerably between individuals, and within-indi-
vidual day-to-day variation of up to 80 % is recognised. The mechanism is
presumed to be glomerular, the consequence of an increased nitration frac-
tion due to respective increases and reductions in systemic blood pressure and
renal blood flow. This is supported by the observation that normally renal
blood flow will increase and systemic and renal vascular resistance will fall
whilst recumbent. This is not the case if there is autonomic dysfunction.
Upright posture does not appear to increase excretion of retinol-binding
protein, strengthening the view that tubular proteinuria is not normally
influenced by postural changes in blood flow and vascular resistance.
Exercise-induced increase in albumin excretion is well recognised13, and is
the likely consequence of increases in renal blood flow, systemic and intra-
glomerular pressure and filtration fraction.

Although it has been argued that albuminuria after exercise predominantly
reflects a failure of proximal tubular reabsorption, excretion of lower mole-
cular weight proteins may not necessarily increase during exercise13. This
suggests either an alternative mechanism for the increased albuminuria, or
could be compatible with the concept of selective tubular reabsorption of
smaller molecular weight proteins, in preference to albumin. Oral glucose
loading in healthy individuals also acutely increases albuminuria although
not low molecular weight proteinuria14. Tubular protein-protein interaction
is again the likeliest explanation for this phenomenon, although acute
increases in renal blood flow may also be implicated, in part as a response
to physiological hyperinsulinaemia. By contrast, acute and chronic dietary
protein loads appear to increase both albuminuria and low molecular weight
proteinuria, primarily as a result of the increased glomerular filtration and
urine flow rate which is a homeostatic response to the increased nitrogenous
load10'15.

Pregnancy is another physiological state of increased urinary protein
excretion16'17. Urinary albumin excretion appears to increase some three-
fold in the third trimester, and similar changes in other proteins, including
retinol binding protein and transferrin, have been recorded. The mechan-
ism is likely to be complex, and not simply the result of increased renal
blood flow and intraglomerular pressure, but may also be due to increased
protein synthesis, selective filtration and tubular reabsorption, and altered
capillary permeability, reflecting physiological changes in neuro-endocrine
balance.
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Measurement and expression of
microalbuminuria

Introduction

Until the 1960s, quantitative methods of measuring low concentrations of
albumin were laborious as they depended on the separation of protein by
electrophoresis after concentration of the urine. In 1963, Keen and
Chlouverakis1 described an immunoassay which was specific for albumin,
required only small volumes of urine, was accurate and sensitive and was
capable of dealing with large numbers of samples. This trail-blazing paper
was not only the forerunner of many methodological developments, but also
the starting point of much exciting research which has eventually established
the significance of small amounts of albumin in the urine. Such increases in
albuminuria which are undetectable by conventional dip-stick testing but
greater than the normal excretion have been called microalbuminuria.

Laboratory measurement of microalbuminuria

General considerations

As discussed above, the assay must be specific for albumin, and hence have
an immunological basis. It must be precise, sensitive and practicable.
Currently the techniques commonly used are radioimmunoassay (RIA), sin-
gle radial immunodiffusion (RID), immunoturbidimetry (IT), laser immuno-
nephelometry (IN), and enzyme-linked immunosorbent assays (ELISA)
(Table 2.1). There are many variations of each method and little has been
published on comparisons of different techniques.

Radioimmunoassay

Most currently used RIA methods are variations of the original assay1,
human albumin being labelled with 125I2-3. Most are 'saturation assays',

11



12 Measurement and expression of microalbuminuria

Table 2.1. Methods for measurement of microalbuminuria

Laboratory methods Side-room tests

Radioimmunoassay Side agglutination tests
Single radial immunodiffusion Sensitive dip-stick tests
Immunoturbidimetry 'Tablet' tests
Laser immunonephelometry
Enzyme-linked immunosorbent assay

performed in liquid phase with an excess of antigen being added2, although
solid-phase assays have been described4. Separation of bound and free albu-
min may be by precipitation with polyethylene glycol2'5 or a second anti-
body1'6. Several commercially produced RIA kits are available. The
sensitivity of an albumin RIA is generally < 1 mg/1.

Radial immunodiffusion

In this technique, the antigen-antibody reaction takes place in an antibody-
containing well. The antigen travels through the gel to reach equilibrium, at
which point antigen-antibody complexes precipitate when antibody is pre-
sent in excess. The complexes are then stained and the diameter of the anti-
gen-antibody ring measured manually2. The technique is obviously labour
intensive and laborious, and the sensitivity generally less than that of RIA,
being around 2.5 mg/1.

Immunoturbidimetry

This is a kinetic assay whereby the rate of formation of antigen-antibody
complex in solution and in the presence of antibody excess is measured by
changes in absorbence of transmitted light at 340 nm. Sensitivity is around 2 -
4 mg/12'7'8. Samples should be tested initially by conventional dip-stick tests
for proteinuria, as proteinuria in excess of 200 mg/1 may cause antigen excess
and the 'hook' or 'prozone' phenomenon, leading to a falsely low result.

Laser immunonephelometry

Laser immunonephelometry quantifies light scattering caused by antigen-
antibody complexes precipitated in a liquid phase. Several methods have
been described9'10. Sensitivity is generally less than RIA11, but accuracy
and precision are similar.
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Enzyme-linked immunosorbent assay

An early publication on this technique described a 'three-site' assay, with the
first anti-human albumin antibody being immobilised on a solid phase. After
added antigen has bound to this first antibody, the second antibody, goat
anti-human albumin, is added. A third anti-goat antibody conjugated to an
enzyme label is then added12. Subsequent publications have detailed a sim-
plified 'two-site' immunoassay, whereby bound complexes are detected and
quantified by addition of a second antibody conjugated to an enzyme
label2'13"15. Other 'competitive' variations of this technique, in which stan-
dard or sample are added at the same time as the second antibody, have been
described16"18. Most conjugates contain horse-radish peroxidase which, on
addition of o-phenylenediamine and hydrogen peroxide, generates a quantifi-
able colour reaction. The sensitivity is generally around 6 ug/1, lower than
other immunoassay systems2.

Other immunological methods

A solid phase fluorescent immunoassay has been described, in which the
primary albumin antibody is coupled to an immunobead matrix19 and the
second antibody conjugated with fluorescein isothiocyanate. Although no
direct comparisons have been made, this method does seem to have sensitiv-
ity and precision on a par with radioimmunoassay techniques and the stan-
dard curve is linear over a wide range of albumin concentrations. In a
variation of this technique, the assay is carried out in the liquid phase,
separation being achieved by addition of a second antibody20. The
authors of this report suggested that the fluorescein-labelled albumin
could be replaced by 125I-albumin without altering the assay characteristics
significantly.

Solomon and colleagues21 have described an immunological assay utilising
the ability of oxirane-bearing polymethyl-methacrylate beads to bind anti-
human albumin antibodies. The assay properties appear satisfactory, apart
from the rather limited linear range of the standard curve (1-25 mg/1).

Comparison of immunological methods

Comparison of immunological methods is limited. Most have used radio-
immunoassay as the reference technique because it is the longest established
and has been used in many of the longitudinal studies demonstrating the
significance of microalbuminuria in diabetes. All types of assay generally
have satisfactory performance criteria when studied individually, although
it is important to realise that different techniques, and indeed similar
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methods run in different laboratories, will report differing absolute values.
There is general agreement that RIA is the most precise technique with
acceptable sensitivity2'22'23, although one study reported better precision
with a nephelometry method24.

Watts and colleagues2 found that there were no systematic differences
between RIA and RID, but that immunoturbidimetry gave consistently
lower values than RIA, the mean difference being 1.8 mg/1. The differences
between the methods increased with increasing albumin concentration. In
contrast, some other immunoturbidimetric methods appear to give higher
albumin concentrations than RIA23'24, whilst others yield similar results8'25.
With the ELISA technique, some authors report results similar to those from
RIA13 whilst others report a consistent underestimate with ELISA of around
9.7 mg/12. In a somewhat superficial comparison of commercially available
RIA, RID, immunoturbidimetry and nephelometry methods, the correlation
of the methods with the radioimmunoassay were excellent (r > 0.97)26.
However, although no further statistical comparison was undertaken, the
correlation graphs provided in the paper suggest that the relationships
between assays were not unity. Marre and colleagues9 found an excellent
agreement between RIA and laser nephelometry.

Radioimmunoassay necessitates the use of radioisotopes with limited shelf-
life, has high capital costs but low running costs and requires sample batch-
ing for greatest efficiency. Immunoturbidimetry probably has the highest
running costs, but fastest turn-around time. Radial immunodiffusion
requires a high degree of technical skill and is time consuming. ELISA meth-
ods also have high capital costs. The final choice of methodology will rest
more on the individual laboratory's expertise and currently available equip-
ment, and the demand for the service, rather than on perceived advantages of
one particular assay type.

Non-immunological methods

Because of the complexities of the immunological methods, other techniques
of detecting low concentrations of 'albumin' in the urine have been sought.
These, however measure total protein rather than albumin. A colourimetric
method using pyrogallol red-molybdate has been described, based on the
shift in the absorption spectrum of the pyrogallol red-molybdate complex
when protein is bound27. The method has a range of 10-1000 mg/1 and is
simple and easy to perform. A comparison of a modification of this
method28, with a nephelometric assay specific for albumin showed that all
samples with a urinary protein concentration greater than 60 mg/1 by the
pyrogallol red method had an albumin concentration > 30 mg/1. The authors
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suggested a role for the pyrogallol red test as a screening test for microalbu-
minuria. However, it should be remembered that the proportion of albumin
to total protein in the urine varies enormously with the severity of diabetic
nephropathy, thus limiting the usefulness of this type of test.

Side-room tests for microalbuminuria

A number of side-room tests have been developed for the detection of micro-
albuminuria (Table 2.1). With one exception, they are immunologically based
and therefore specific for albumin. All are semi-quantitative at best, so poten-
tially useful for screening purposes rather than strict quantification of micro-
albuminuria. They depend on a variety of principles, described below.

Slide agglutination tests

In the original description of this method, anti-human albumin antibody is
immobilised on latex beads29. When antigen and then the same antibody in
liquid phase are added, visible agglutination appears. Proportions of the
reagents are adjusted so that agglutination occurs in the microalbuminuric
range of albumin concentrations. The test is easy to perform, requiring only
the application to a latex agglutination plate of drops of three reagents in the
correct sequence, followed by gentle rocking of the plate for 5 min. A sim-
plified modification of this method has been compared with RIA30.
Agglutination was detected in all samples with albumin concentration > 30
mg/1, although there were a considerable number of false positive results in
samples with albumin concentration < 30 mg/1. Some attempt was made to
quantitate the reaction by grading the degree of agglutination by means of an
analogue scale, but although there was very good agreement between ten
observers, each point on the scale represented a wide range of albumin con-
centrations. It should be noted that because of the prozone phenomenon, no
agglutination was seen in samples with albumin concentration >400 mg/1,
thus emphasising the need for prior testing of all specimens by conventional
protein dip-stick.

Commercial versions of this method have been developed and tested. In an
initial version (Albuscreen, Cambridge Life Sciences, Cambridge, UK) the
proportions of reagents were adjusted so that agglutination occurred at an
albumin concentration of approximately 25 mg/1. This gave low sensitivity in
detecting an albuminxreatinine ratio >2.5 mg/mmol in a random urine
sample31. A revised version, the Albusure kit (Cambridge Life Sciences,
Cambridge, UK) appears to have acceptable sensitivity and specificity as a
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screening tool with good reproducibility23'32. However, the wide spectrum of
albumin concentrations represented by each point on the analogue scale
renders the test only semi-quantitative.

Sensitive and specific dip-stick tests

Conventional dip-stick tests detect total protein rather than albumin and
are neither sufficiently sensitive nor reproducible enough to detect micro-
albuminuria23'32'33. A sensitive dip-stick test specific for urinary albumin
has been developed using complex dry chemistry (Micral-Test, Boehringer
Mannheim, Mannheim, Germany). In the original version of this strip,
urinary albumin was bound to a soluble conjugate of albumin antibodies
and B-galactosidase. Unbound conjugate is removed in a separate zone
containing immobilised albumin, so that only bound albumin-antibody-P-
galactosidase reaches a third zone where a colourimetric reaction takes
place. The intensity of the developed colour is compared to a scale of
five colour blocks denoting albumin concentrations of 0, 10, 20, 50 and
100 mg/1. Difficulties with this test include the five minute reaction time,
making multiple tests in a busy out-patient clinic inconvenient. Evaluations
of this version suggested that the test-strip had sufficient sensitivity and
specificity to be used as a screening test for microalbuminuria but was at
best only semi-quantitative26'34"39. One large study in general practice
suggested that sensitivity and specificity only reached acceptable levels if
multiple repeat tests were performed40.

A revised version of Micral-Test, Micral-Test II (Boehringer Mannheim,
Germany) has been marketed. In this version, the absorbed urine enters a
zone containing a soluble antibody-gold conjugate which specifically binds
to albumin. Excess conjugate is retained in a separation zone containing
immobilised human albumin, so that only the albumin-gold complex reaches
the detection zone. The colour product (white to red) is directly related to the
albumin content of the urine. The reaction time is one minute and colour
bands represent albumin concentrations of 0, 20, 50 and 100 mg/1. Initial
evaluation reports suggest that this is a useful screening tool, with the advan-
tage that the reaction colour is stable for 60 min41.

Other side-room tests

The third commercially available side-room test is a tablet test based on the
'protein-error of indicators' principle (Microbumintest, Ames, Stoke Poges,
UK). At a constant buffered pH, the intensity of colour developed depends
on the amount of albumin in a volume of urine dropped onto the tablet.
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Bromophenol blue is used as the indicator and the test is obviously not
specific for albumin. The colour developed is compared to the manufacturer's
chart, with blocks indicating negative, one plus (approximately > 40 mg/1) or
two plusses. One study has shown this test to have a sensitivity of 100 % and
specificity of 83 % in detecting urine albumin concentration > 20 mg/126.
However, the high false positive rate resulted in a positive predictive value of
36 %. In addition, there was poor agreement between different observers.
Other workers have confirmed the low specificity and positive predictive
value of Microbumintest42"44. As with the other side-room tests, this test is
not suitable for quantitative analysis.

Comparison of semi-quantitative tests

Few direct comparisons of the different side-room tests have been made.
Watts and colleagues45 found that Microbumintest was as sensitive but less
specific than an in-house latex agglutination test in identifying urine albumin
concentrations greater than 15 mg/1. Other workers suggested that the sensi-
tivity of Microbumintest and a commercial latex agglutination test (Albufast,
Amplifon Divisione Biomedica, Milan, Italy) were similar in their ability to
identify urine albumin concentrations of > 20 and > 30 mg/1, but that the
specificity of Albufast was lower. However, both tests had such low specifi-
cities that the authors questioned their usefulness24. In a direct comparison of
Microbumintest and Micral-Test I, Bashyam and colleagues46 found that
both tests had unacceptably high false positive and false negative rates and
could not recommend either as a screening test. However, whilst it was
particularly true that Microbumintest recorded false negative results over a
wide range of albumin concentrations, Micral-Test I recorded most false
negatives in the concentration range 20-30 mg/1 and gave no false positive
results.

It thus seems that the side-room tests for microalbuminuria are useful as
initial screening tests only, if formal laboratory testing is not readily avail-
able. In addition, they are only semi-quantitative, and hence are not suit-
able for monitoring changes in albumin excretion in response to
intervention or with time in research studies. Thus for study purposes,
laboratory confirmation of a positive screening test should be made, and
monitoring the response to intervention should also be by laboratory test-
ing. For clinical use, laboratory-based testing is also to be preferred. It has
been suggested that multiple screening measurements should be made, per-
haps on three consecutive days, in the hope that the false positive and
negative test rates would be reduced.
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Sample handling

An aliquot of urine for screening purposes can be collected without preser-
vative. Some authors suggest that for timed collections, a preservative such as
borate or sodium azide should be added, although this is probably not
necessary. Urinary tract infection should be excluded before testing, either
by formal culture of a mid-stream urine sample or by dip-stick testing for
nitrite and blood. All samples should be tested initially by conventional dip-
stick to exclude those in the proteinuric range.

Methods describing the measurement of albumin excretion rate suggest
that samples should be stored at 4, -20 or -70 °C before assay, and that the
sample should be vortexed, centrifuged or filtered before assay. Several
workers have demonstrated that the albumin concentration in urine kept
at 4 °C is stable for 7-14 days47"*9. Some47'50"52 but not all authors16'48'49'53

have found falsely low albumin concentrations after storage of the urine at
-20 °C. Erman and colleagues47 suggested that freezing may induce a
conformational change in urine proteins, resulting in partial precipitation.
In a small number of samples from healthy individuals with low albumin
concentrations, an effect of temperature of storage on the apparent rate of
degradation of albumin was observed22. Storage at -20 °C resulted in a
rate of decline which was marginally significantly different from zero
(p = 0.089), whereas after storage at -40 °C no change was seen.
Different methods of sample treatment (vortexing, centrifugation or filter-
ing) before or after freezing and thawing, had no influence on the albumin
concentration. However, the small number of samples and their low albu-
min concentration makes the broader application of these results difficult.
In a larger study using urine samples with a wide range of albumin con-
centrations, no effect of storage at -20 and -40 °C for up to six months
was found49 and thawing and refreezing up to six times in a six-week
period also did not alter the measured albumin concentration. In a rela-
tively large study of children and adolescents with diabetes, storage of
urine at -20 °C resulted in a significant effect on the measured albumin
concentration54. The effect appeared to be related to the initial urine
albumin concentration rather than the length of storage time, and was
inconsistent in that in some samples the concentration apparently
increased and in some it decreased.

Currently it seems sensible to store urine samples at 4 °C if they are
to be assayed within 14 days, or at -40 °C if prolonged storage is
required.
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Variability in albumin excretion

Diurnal variation

Many factors, physiological and pathological, influence the albumin excre-
tion rate (AER). There is a marked diurnal variation, day-time excretion
being approximately 30 % higher than overnight albumin excretion in
non-diabetic adults55 and children56'57 and in diabetic patients with both
insulin-dependent diabetes mellitus (IDDM)58"60 and non-insulin-dependent
diabetes mellitus (NIDDM)60. Thus, overnight albumin excretion rates are
lower than 24-hour rates in non-diabetic and diabetic subjects59"61.

Several studies have suggested that the difference between day and night
excretion rates is greater in diabetic than non-diabetic subjects, and is parti-
cularly high in those IDDM patients with an elevated albumin excretion
rate60'61. This may be due to increased glomerular permeability to albumin
in response to exercise in IDDM patients62. Indeed, it has been suggested that
the albumin excretion response to a standard exercise test may be useful as a
provocation test to identify diabetic patients at risk of developing diabetic
nephropathy63"66. Feldt-Rasmussen and coworkers65 studied non-diabetic
control subjects and IDDM patients with normal 24 h albumin excretion
or microalbuminuria (Fig. 2.1). During exercise the AER increased signifi-
cantly in all three groups, the relative increase being higher in the diabetic
subjects with microalbuminuria. Renal haemodynamic changes were qualita-
tively similar in all three groups, but the filtration fraction during exercise
increased to a similar extent in the two diabetic groups, suggesting that the
elevated transcapillary pressure gradient per se occurring during exercise is
not sufficient to cause an increase in albumin excretion. A functional glo-
merular lesion, manifest as increased albumin excretion at rest, must also be
present. However, one recent study has demonstrated that diabetic children
and adolescents with normal overnight or 24-h urinary albumin excretion
who have an abnormal response to an exercise test are not at increased risk of
developing diabetic nephropathy in the future67. Sixty six patients, mean age
15 years and duration of diabetes nine years, were studied at baseline and
after a mean of 6.2 years follow-up, using a standardised exercise test. At
baseline, pre- and post-exercise albumin excretion rates were similar in the
diabetic patients and matched non-diabetic control children, with a similar
rise in AER with exercise. Eight out of 66 diabetic children had developed
microalbuminuria at follow-up (AER >20 ug/min). Baseline resting and
post-exercise AER, delta AER with exercise, blood pressure, HbAi, and
age and duration of diabetes, were similar in the patients who became micro-
albuminuric and those who remained normoalbuminuric.
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fraction (C) before, during and after physical exercise in young
IDDM patients and non-diabetic control subjects (mean ± SEM).
Twenty-minute periods are marked on the horizontal axis. • non-
diabetic subjects; A diabetic patients with albumin excretion < 15
ug/min: group 1; • diabetic patients with albumin excretion > 15
Hg/min: group 2. a p < 0.05, group 1 versus group 2; b p < 0.05, non-
diabetic subjects versus groups 1 and 2. Reproduced from reference
65 with permission.
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In addition to the effects of exercise, this difference in day- and night-time
albumin excretion may also be due at least in part to the effects of attaining
the upright posture, blood pressure changes68 and dietary intake69.

Day-to-day variation

Coefficients of variation for overnight albumin excretion rates are as high as
30-60 % for non-diabetic and IDDM patients with and without microalbu-
minuria9'70'71. Some studies have suggested that the variance in overnight and
day-time excretion rates was similar in non-diabetic and diabetic subjects9'55

whilst other workers have suggested that the variation is greater in diabetic
subjects and is higher in day-time than overnight collections4. Significant
day-to-day variation in overnight57'72 and day-time72 albumin excretion is
also seen in non-diabetic children. Price and colleagues72 found no difference
in the variability of day and night collections, although variation in diabetic
children was greater in both samples than in non-diabetic subjects.

Despite this apparently large variation, misclassification of subjects as
normal or abnormal occurs most often when the measured parameters are
in the borderline range71 so that most patients are correctly classified on the
basis of one or two collections73. Nonetheless, it remains important to base
classification on several measurements. In research studies looking at change
of albumin excretion with time or in response to intervention, it is now
standard practice for three urine collections to be made at each time point.
In clinical practice, trends with time on repeated testing, in addition to indi-
vidual values, are important.

A complex analysis of the changes in AER over 12 months in 13 micro-
albuminuric, normotensive and metabolically stable IDDM or NIDDM
patients has been reported74. Subjects were initially classified as microalbu-
minuric on the basis of at least two out of three 24-h urine collections.
Thereafter, one collection was made each month. In only three patients
was a significant trend in AER observed. In the remaining ten patients, the
variability in AER from month to month was so high as to obscure any
statistically significant trend. Because of this high within-person variability,
only patients with an initial AER 53-76 ug/min had a high probability (> 95
%) of having microalbuminuria on subsequent testing, the probability rising
to 99 % if initial AER was > 99 ug/min. The authors concluded that the
variability in AER limits its potential as a serial marker of renal function.
However, it may be that in this group of normotensive patients, AER would
not be expected to change much in one year, and that a much longer time-
course must be examined.
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Which measurement?

Timed urine collections, either 24 h, overnight or short day-time, are
regarded as the gold standard. There is no information to suggest that
any one of these has superior predictive powers. Although one study
found a good correlation (r = 0.905) between AER in an overnight and
a 30 min, recumbent, fasting sample, practical difficulties limit the useful-
ness of such a short day-time collection75. However, there is general agree-
ment that it is impractical to screen large numbers of subjects for
microalbuminuria using timed collections. Alternatives which have been
advocated include measurement of the albumin concentration or the albu-
min:creatinine ratio in either an early morning or a spot day-time urine
sample.

Comparison of timed and untimed urine collections

As detailed in Table 2.2, most but not all of the studies examining the pre-
dictive power of microalbuminuria in diabetes mellitus have used timed urine
collections, either 24-h, overnight or short day-time samples collected with
the person resting for some time. This is particularly true for those studies
examining renal risk in patients with IDDM. Timed collections are incon-
venient and cumbersome for patient and laboratory staff, and open to inac-
curacies of incomplete collection. These factors, plus the necessity of testing
large numbers of patients with diabetes annually for microalbuminuria, have
prompted the search for a more convenient screening test. The commonest
strategies have measured either the albumin concentration or albuminxrea-
tinine ratio in an aliquot of a first morning urine sample (EMU) or a day-
time random urine sample. Most workers have found a highly significant
correlation between the albumin concentration or albuminxreatinine ratio
in an early morning or random urine sample and the overnight or 24-h
albumin excretion rate6'44'76"78. On the basis of sensitivity, specificity and
positive and negative predictive values, the workers have gone on to derive
the albumin concentration or albuminxreatinine ratio which is predictive of
microalbuminuria in the timed urine collection. Unfortunately, it is virtually
impossible to compare these works directly because of differences in the
definitions of microalbuminuria used, different laboratory methods and dif-
ferent tests being compared. The relevant work is summarised in Tables 2.3
and 2.4. Comparison is further hindered by the fact that the sensitivity and
specificity of a test will vary with the prevalence of the abnormality being
screened for. In some of the studies quoted in Tables 2.3 and 2.4, the
populations are truly unselected, whilst in others some selection bias has



Which measurement? 23

Table 2.2. Predictive power of microalbuminuria in diabetic patients

Reference
Urine
collection

Albumin
assay

Reference
range

Discriminant
AER

Insulin dependent diabetic patients
Viberti111 Overnight
Parving112 24 h
Mogensen l '3 Day-time
Mathiesen"4 24 h

Non-insulin-dependent diabetic patients
Jarrett92

Mogensen93

MacLeod94

Schmitz95

Beatty96

Gall115

Neil116

Mattock117

Overnight
EMU
Overnight
EMU
Random
24 h
Random
Overnight

RIA
RID
RIA
RID

RIA
RIA
RIA
RIA
RIA
RIA
RIA
RIA

< 12 ug/min 30 ug/min
< 40 mg/24 h 40 mg/24 h
< 7.5 ug/min 15 ug/min
< 20 ug/min 70 ug/min

< 10.5 ug/min

> 10.0 ug/min
>15.0mg/l
> 10.5 ug/min

15.0 ug/1
> 35 mg/1
> 30 mg/24 h
> 40 mg/1
> 20 ug/min

EMU: early morning urine sample; RIA: radioimmunoassay
RID: radial immunodiffusion; ?: reference range not given

undoubtedly occurred, so the prevalence of microalbuminuria is not compar-
able between studies.

In one study, both an AER in an overnight urine collection and an albu-
minxreatinine ratio in a random urine sample were measured in 54 diabetic
patients79. A ratio > 3.0 identified all patients with AER > 30 ug/min (sensi-
tivity 100 % and specificity 92 %). In addition, a ratio < 1.0 was always
associated with AER < 10.0 ug/min (specificity 100 % and sensitivity 50 %).
The authors then went on to test the usefulness of the albuminxreatinine
ratio < 1.0 to identify patients with normal albumin excretion in a prospec-
tive study. Overnight AER and random albuminxreatinine ratio were mea-
sured 144 times in 133 diabetic patients, 30 of whom had AER > 30 ug/min.
Again, a ratio < 1.0 identified all patients with AER < 10.0 ug/min (sensi-
tivity 80 %, specificity 100 %) whilst a ratio > 3.0 had sensitivity and speci-
ficity of 90 % in identifying patients with AER > 30 ug/min.

The major concern against a random urine sample is the variable effect of
exercise and posture on albumin excretion, whilst the major advantage is ease
of collection and therefore improved compliance. Problems with simple mea-
surement of albumin concentration are that it makes no allowance for urine
flow rate or concentration. In diabetic patients, particularly those with



Table 2.3. Use of albumin concentration and albumin:creatinine ratio in untimed random urine samples to predict micro-
albuminuria

Reference

Nathan6

Nathan6

Nathan6

Schwab44

Gatling77

Gatling118

Watts119

Watts119

Watts119

Watts119

Timed
collection

24 h
24 h
24 h
24 h
Overnight
Overnight
Overnight
Overnight
Overnight
Overnight

Laboratory
assay

RIA
RIA
RIA
RIA
ELISA
ELISA
RIA
RIA
RIA
RIA

Definition of
microalbuminuria

> 12 mg/24 h
> 22 mg/24 h
> 44 mg/24 h
> 30 ug/min
> 30 ug/min
> 30 ug/min
> 30 ug/min
> 30 ug/min
> 30 ug/min
> 30 ug/min

Cut-off

1.5 mg/mmol
2.3 mg/mmol
3.4 mg/mmol
20 mg/1
3.0 mg/mmol
25 mg/1
15 mg/1
2.9 mg/mmol
26 mg/1
8 mg/mmol

Sensitivity
(%)

95
94

100
89
80
56
96

100
100
100

Specificity
(%)

97
96

100
85
81
81
80
88
85
96

RIA: radioimmunoassay
ELISA: enzyme-linked immunosorbent assay



Table 2.4. Use of albumin concentration and albumin:creatinine ratio in early morning urine samples to predict micro-
albuminuria

Reference

Kouri80

Kouri80

Gatling77

Gatling77

Gatling77

Cowell78

Gatling118

Gatling, 18

Hutchison76

Hutchison76

Schwab44

Marshall120

Cohen71

Marshall120

Marshall120

Timed
collection

Overnight
Overnight
Overnight
Overnight
Overnight
24 h
Overnight
Overnight
Overnight
Overnight
24 h
Overnight
Overnight
Overnight
Overnight

Laboratory
assay

Nephelometry
Nephelometry
ELISA
ELISA
ELISA
RIA
ELISA
ELISA
RIA
RIA
RIA
RIA
RIA
RIA
RIA

Definition of
microalbuminuria

> 15 ug/min
> 15 ug/min
> 30 ug/min
> 30 ug/min
> 30 ug/min
> 20 mg/24 h
> 30 ug/min
> 30 ug/min
> 30 ug/min
> 30 ug/min
> 30 ug/min
> 30 ug/min
> 30 ug/min
> 30 ug/min
> 30 ug/min

Cut-off

10 mg/1
20 mg/1
20 mg/1
3.5 mg/mmol
2.0 mg/mmol
20 mg/1
20 mg/1
3.5 mg/mmol
3.0 mg/mmol
17 mg/1
20 mg/1
20 mg/1
2.5 mg/mmol
3.5 mg/mmol
4.5 mg/mmol

Sensitivity
(%)

91
70
82
88
96

100
86

100
97
97
70
91

100
98
96

Specificity
(%)

77
97
96
99

100
57
97
95
94
91
93
74

100
69
80

RIA: radioimmunoassay; ELISA: enzyme-linked immunosorbent assay.
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glycosuria, urine volumes are liable to be high, and hence albumin concen-
trations low80. Thus, in screening for microalbuminuria, a low albumin con-
centration cut-off is set to avoid false negative results, with the consequence
that the false positive rate is high. However, attempts to correct for differ-
ences in urine flow rate by calculating the albuminxreatinine ratio introduce
further expense and sources of error and, as shown in Tables 2.3 and 2.4, may
not convincingly reduce the false positive rate.

The variability of both the albumin concentration and the albuminxrea-
tinine ratio has been stressed in one study81. Multiple first morning urine
samples were collected from 1391 diabetic patients over two years. The mean
coefficient of variation was similar for both measurements, being around 58-
82 %, and bore no relation to the albumin concentration. This work empha-
sises the limitations of the usefulness of untimed samples to screening only
and confirms the need for confirmation and follow-up of microalbuminuria
by timed collections.

One recent paper has re-emphasised the forgotten fact that the creatinine
excretion rate is higher by approximately a factor of two in men compared
with women, because of higher muscle mass82. Thus, if the albumin:creati-
nine ratio is used to screen for microalbuminuria, different cut-offs should be
applied for males and females. In the above study, figures of 2.5 mg/mmol for
men and 4.5 mg/mmol for women were suggested as giving high specificity
and sensitivity of identifying those patients with an overnight AER > 30 ug/
min. However, recruitment of patients at high risk of microalbuminuria may
have biased the results in favour of high sensitivity and specificity. In the UK,
the Saint Vincent guidelines suggest a cut-off of 3.5 mg/mmol for women83

and in non-diabetic subjects aged > 60 years a ratio of 3.0 mg/mmol has been
recommended84.

In a different approach to the problem one group of workers have mea-
sured in duplicate albumin concentration, albumin:creatinine ratio and albu-
min excretion rate in multiple serial samples (24 h, first morning urine and
random urine) for non-diabetic and diabetic subjects85. In all cases, the anal-
ytical coefficient of variation was < 5 %, and contributed < 1 % to the
overall total variance. The albumin concentration in the first morning urine
had the lowest intra-individual and inter-individual variance, around 35-40
% and this parameter was recommended as the most satisfactory screening
test. The authors further recommended a cut-off of 30 mg/1 on the grounds
that no healthy person would ever exceed this level and thus that anyone
screening above this had undoubted disease - that is, that there would be no
false positive results.
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The limitations of the use of sensitivity, specificity and predictive value in
assessing a screening test, and of regression of one set of results against
another, have been stressed by Cundy and colleagues86. In an alternative
approach, they have calculated an estimated albumin excretion rate derived
from a random albumin:creatinine ratio using a modified version of the
Cockroft and Gault equation87 as described by Ginsberg and coworkers88

to calculate 24-h creatinine excretion. They conclude that as the day-to-day
variation of actual 24-h albumin excretion rate is as large as the imprecision
of the derived 24-h excretion rate, the calculated rate is an acceptable method
for monitoring albumin excretion.

From the above discussions, it should be obvious that albumin concentra-
tion, albuminxreatinine ratio or albumin excretion rate collected under dif-
ferent conditions and measured by different methods are not directly
comparable. Albumin excretion rates measured in 24-h urine collections
will be higher than rates derived from overnight collections, and albumin
concentrations and albuminxreatinine ratios in day-time samples higher
than concentrations and ratios in early morning urine samples. Given the
widely differing methodology currently used, it is vitally important that direct
comparisons are made only for comparable results.

Which parameter is measured and how results are expressed probably is
best determined at the moment by the purpose of the testing. For research
studies, timed collections, either 24 h or overnight, are necessary to allow
comparison with other work and for good precision. In clinical practice,
screening can be done on the basis of albumin concentration or albumin:
creatinine ratio in an early morning urine sample. If the major concern is
renal risk, confirmation and response to intervention should use a measure
which makes some allowance for urine flow rate, either albuminxreatinine
ratio or timed collection. For cardiovascular risk in NIDDM patients, con-
firmation and follow-up can be limited to either albumin concentration or to
albuminxreatinine ratio; timed collections do not appear to be necessary
(Table 2.2).

Cut-off points, reference ranges and predictive values

Comparatively few large studies have published reference ranges for albu-
min excretion (Table 2.5). It is obvious that, in adults, the reference range
varies with the urine collection and laboratory assay used, perhaps more than
with other biological variables. Thus it is important for each laboratory to
establish their own reference range under standard conditions. In addition,
such wide inter-laboratory variation makes comparison of results between



Table 2.5. Published reference ranges for albumin excretion rates in non-diabetic subjects

Reference

Tomaselli61

Tomaselli61

Watts55

Weigmann60

Marshall120

Marshall102

Davies56

Davies56

Davies56

Davies56

Adult/child

Adult
Adult
Adult
Adult
Adult
Child
Child (M)
Child (F)
Child (M)
Child (F)

Number
studied

35
35

127
20

106
64

183
191
183
191

Laboratory
assay

RIA
RIA
RIA
RIA
RIA
RIA
ELISA
ELISA
ELISA
ELISA

Urine
collection

24 h
Overnight
Overnight
24 h
Overnight
Overnight
24 h
24 h
Overnight
Overnight

Reference
range

4.1 ± 0.8 ug/min
2.8 ± 0.5 ug/min
3.2 (1.2-8.6) ug/min
2.7 ± 0.6 ug/min
1.7-10.5 ug/min
0.4-9.0 ug/min
6.64 x^/1.98 mg/24 h/1.73 m2

8.30 x-^/2.21 mg/24 h/1.73 m2

2.77 XH-/1.89 ug/min/1.73 m2

2.98 x-^/1.84 ug/min/1.73 m2

RIA: radioimmunoassay.
ELISA: enzyme-linked immunosorbent assay.
Reference ranges are expressed as: mean ± SD, median (range), range, or geometric mean x-=- tolerance factor.
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centres very difficult and necessitates the use of one central assay in multi-
centre studies.

The importance of microalbuminuria lies in its predictive value, as will be
discussed in detail in subsequent chapters, of identifying diabetic patients at
risk of, or with early diabetic nephropathy, and subjects at risk of prema-
ture death from large vessel disease. The original papers summarising the
predictive power of microalbuminuria in diabetes are summarised in Table
2.2. Several important facts emerge. Firstly, for IDDM patients, the risk of
nephropathy has been determined on the basis of timed albumin excretion
rates, either overnight, 24 h or short-term, measured by a variety of labora-
tory assays. The discriminant cut-off above which the risk increases is
different in each report and, in addition, in all but one case this cut-off
is well above the upper limit quoted for the non-diabetic reference range. In
order to clarify this rather confusing situation, a consensus definition of
microalbuminuria above which the IDDM patient is at risk of nephropathy
has been agreed89 as 20-200 |ag/min in any timed urine collection.
Obviously, this is a somewhat arbitrary definition, but it at least has the
virtue of allowing some standardisation. Whilst the lower limit of 20 ug/
min may at first sight appear not to be justified, there is accumulating
evidence that IDDM patients with an albumin excretion rate above the
strict upper limit of normal but below 20 ug/min progress on to true
microalbuminuria and presumably eventually to proteinuria90'91 (Fig. 2.2).
Thus in IDDM, a definition of microalbuminuria in a timed collection of
20-200 ug/min seems appropriate at the moment, but with the caveat that
patients with excretion rates of 10-20 ug/min may also be at risk of
progression.

It is noteworthy that, although the consensus document made proposals
specifically for IDDM patients, this definition of microalbuminuria (20-200
ug/min) has also been applied in NIDDM. The two initial studies detailing
the predictive power of microalbuminuria in NIDDM used timed overnight
excretion rates92 or albumin concentrations in early morning urine samples93.
In the first study, excess early mortality was seen at an AER > 10.0 ug/min
and in the second at an albumin concentration > 15.0 mg/1. Recent work has
shown that the excess mortality seen when AER > 10.5 ug/min is due to
cardiovascular disease94. Other studies have also confirmed that a simple
measure of urinary albumin concentration is predictive of premature cardio-
vascular death in NIDDM95'96. Thus in NIDDM, timed urine collections are
not necessary to assess cardiovascular risk, use of an albumin concentration
being sufficient.
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Fig. 2.2. Albumin excretion rate, mean arterial blood pressure and glycated
haemoglobin concentration in insulin-dependent diabetic patients
who progress to microalbuminuria (o) and in those who remain
normoalbuminuric (•) throughout a four-year study period. The
shaded area represents the non-diabetic normal range for glycated
haemoglobin concentration. Results are expressed as mean (SD)
and geometric mean (SD) for albumin excretion rate. Reproduced
from reference 91 with permission.

Screening for microalbuminuria

From the above, it is obvious that any method to test for microalbumi-
nuria has disadvantages76'97. Given all of these caveats, we have taken a
pragmatic, practical approach to screening, which is outlined in Fig. 2.3. It
is important only to test in the absence of other intercurrent illnesses which
may falsely elevate albumin excretion, for example fever, urinary tract infec-
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Post-puberty
More than one year diabetes
In stable glucose control
Free of other acute intercurrent illness ,

( Dip-stick test for proteinuria)

Test for microalbuminuria
Albumin concentration

Albuminxreatinine ratio

f Laboratory ~1
[.Confirmatory TestsJ

(Rescreen annually) (Manage appropriately)

Fig. 2.3 A suggested scheme for screening for microalbuminuria in diabetes.
Modified from reference 121 with permission.

tion and cardiac failure. In diabetes, the person should be in stable diabetic
control as acute hyperglycaemia may temporarily elevate albumin excre-
tion98'99. Also, the ketone body acetoacetate is detected in creatinine assays
based on the chromogenic Jaffe reaction, but not in enzymatic-based
assays100.

Adult IDDM patients should be tested annually beginning after one year's
duration of diabetes, as the prevalence of microalbuminuria may be high
even at such a short duration101. Microalbuminuria is very rare before pub-
erty102'103, so that screening is only recommended from 12 years of age.
NIDDM patients should be tested from diagnosis, as patients may have
persistent microalbuminuria at presentation104'105.

It is obviously pointless to perform a test for microalbuminuria if a con-
ventional dip-stick test for protein is more than 1 plus-positive. As with other
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biological variables with high day-to-day variation, multiple testing should
be performed before a label of microalbuminuria is given.

One of the prerequisites of screening for any abnormal state is that the
natural history of the condition can be modified. There is good evidence that
the risk of end-stage renal disease can be reduced in both IDDM and
NIDDM patients but no studies have reported on cardiovascular outcome.
Screening therefore to identify diabetic patients at risk of renal disease seems
appropriate. Given the strength of the association of microalbuminuria and
premature cardiovascular mortality in NIDDM, identification of NIDDM
patients with microalbuminuria should lead to intensification of efforts to
alter modifiable cardiovascular risk factors. In the non-diabetic population,
screening for microalbuminuria is currently controversial, although it may
have a role in the clinical assessment of hypertension 106.

Cost-effectiveness of screening

Several studies have attempted to estimate the cost-benefit ratio of screening
for microalbuminuria in IDDM patients, followed by treatment with angio-
tensin-converting enzyme inhibitors. Two reported a favourable benefit107'108

whilst the third found that screening was not cost effective109. This discre-
pancy probably relates to the uncertain estimates about the efficiency of
screening and the precise magnitude of the effectiveness of intervention
assumed in the studies.

Two groups have suggested that it is more cost effective to screen all
samples first by sensitive dip-stick method, limiting laboratory analysis to
those samples which screen positive110'111.

Overall approach to screening

A suggested plan for screening for microalbuminuria, taking into account all
of the above factors, is given in Fig. 2.3.
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Epidemiology and determinants of
microalbuminuria in health

The definition of microalbuminuria

The epidemiology of microalbuminuria is not straightforward. At present,
large studies are few and far between, there is no standardisation of sample
collection conditions and the expression of microalbuminuria, and the precise
definition of 'normality' is not yet established1'2. Whereas it may be accep-
table in standard laboratory practice to produce a clinically useful reference
range, this is not the case for microalbuminuria. A more appropriate
approach is to examine the distribution of microalbuminuria in a represen-
tative community sample which is not subject to selection bias. Whilst there
are several early reports of microalbuminuria in ostensibly healthy popula-
tions3"8, only the Copenhagen City Heart Study9 has carefully denned their
study population as a true random sample of a well denned population
denominator. Even then it may not necessarily be correct to define 'abnorm-
ality' in these studies as values outside the 95th percentile. A useful parallel is
blood pressure and lipid distribution, where even carefully denned popula-
tion-based ranges may be misleading. The importance of all these three para-
meters is not necessarily the absolute distribution of the data, but the
attributable risk for a clinical end point at various levels. Present clinical
practice has taken account of this in assessment of blood pressure and lipids,
and it is now necessary to consider the impact of age, gender and ethnic
origin on expression of abnormality, which in turn is based upon prospective
studies which have denned the relative and absolute risk of various end
points. These are primarily cardiovascular (CVD), but there may be consid-
erable variation in the role of the different factors in determining, for exam-
ple coronary heart disease (CHD) as opposed to cerebrovascular disease.
Furthermore, the importance of risk factors for CVD morbidity may not
equate with those for mortality.

40
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The situation with regard to microalbuminuria is even more complicated in
that the majority of studies attributing a prognostic value to microalbumi-
nuria have been carried out in small numbers of diabetic subjects where the
end points have included diabetic nephropathy (i.e. persistent Albustix posi-
tive proteinuria with or without reduced filtration function), CVD mortality,
and overall mortality10"13. The consensus definition based on earlier work
suggested that microalbuminuria could be defined as overnight albumin
excretion rates of 20-200 jxg/min14'15, but this is artificial and too conserva-
tive. By expressing microalbuminuria as an 'all or none' phenomenon, there
is a danger that the epidemiological and pathophysiological importance of
lesser and greater degrees of albuminuria will be misunderstood. It is also the
case that these cut off points may be quite inappropriate for non-diabetic
populations. It may be better to think of a graded risk for microalbuminuria,
beyond a threshold where there is an appreciable attributable risk. This has
been borne out by more recent reports that overnight albumin excretion rates
> 10 (ig/min are predictive of mortality in NIDDM, as well as in the elderly
non-diabetic population16'17. Such a cut off may prove to be more appro-
priate, particularly since this is often the 95th percentile of many laboratory-
based reference ranges. The difficulty in establishing analagous cut off points
for albumin concentrations or albumin:creatinine ratios in random or timed
samples has not yet been overcome. Thus according to the definition of
microalbuminuria, the prevalence may vary from 2.2 % (albumin concentra-
tion > 20 mg/1 and albumin:creatinine ratio > 3.5 mg/mmol) to 6.3 %
(albumin concentration >20 mg/1 only) in the same population6 (Tables
3.1 and 3.2).

Features associated with microalbuminuria

Notwithstanding such reservations, several studies have examined the distri-
bution and determinants of albuminuria (Table 3.1). The largest of these was
carried out by Metcalf and coworkers in Auckland, New Zealand, and will be
discussed in some detail.

Metcalf and colleagues carried out a health screening survey of a local
workforce of 5670 individuals, aged 40-78 years5'1®'19. Gender-specific refer-
ence ranges were established for urinary albumin concentrations and albu-
min:creatinine ratios in a subgroup of 3597 people, after excluding subjects
with Albustix-positive proteinuria, diabetes mellitus and current hyperten-
sion using WHO criteria, bacteriuria, obesity (body mass index > 30 kg/m2),
or fasting serum triglycerides >2.5 mmol/1. The 95th and 97.5th centiles for
urine albumin concentration were respectively 19 mg/1 and 28 (men) or 29



Table 3.1 Prevalence and expression of microalbuminuria in normoglycaemic adults, Europid and non-Europid

Study

European
Gould4

Watts7

Gosling3

Damsgaard17

Jensen9

Metcalf19

Winocour6

Non-Europid
Haffner20

Collins22

Woo8

Sample size
(M:F)

959
(423:536)

127
(59:68)

199
(99:100)
279
(119:160)

1011
(487:524)

3597
(2622:975)

447
(209:238)

316
(117:199)

702
(310:392)

1333
(795:538)

Age
(mean (range))

>50
(40-75)

33
(8-63)

40
(20-60)
67
(60-74)

>50
(30-70)

49b

(40-78)

47
(25-70)

50
(25-64)

38
(20-65 + )

38
(20-56)

Ethnic
grouping

100% Europid

Europid

? Europid

Europid

Europids

88.6% Europid
+ Maori/Asian
+ Polynesian
98% Europid

Mexican
Americans

Polynesians

Chinese

Type of urine
collection and
expression of
albuminuria

Timed EMU/
Overnight AER

Timed day
Cone, (mg/1)
AER (ug/min)
A:C Ratio
Timed overnight
Cone, (mg/1)
AER (ug/min)
A:C Ratio

Timed 24 h
AER (ug/min)
Day 1 h timed
AER (> 15 ug/min)

Timed overnight
AER (> 15 ug/min)

EMU
Cone, (mg/1)
A:C Ratio
EMU
Cone. (> 20 mg/1)
A:C Ratio (>3.5)

EMU
Cone. (> 30 mg/1)

EMU
Cone. (> 30 mg/1)

EMU
A:C Ratio3

Reference
range

A E R ( > 20 ug/
min)

0.9-29.6
1.0-9.1
0.1-2.3

0.9-16.2
1.2-8.6
0.1-1.0

0.2-14.0

0-16.6 (M)
0-14.3 (F)

0-11

0-19
0-1.43 (M)

20

0-1.3 (M)
0-2.1 (F)

Prevalence of
microalbuminuria
(%)

5.8

5
5
5

5
5
5

5

30
25

5

5
5

6.3
2.2

13

9

10
10

Prevalence expressed as percentage outside reference range, or stated cut-off points.
"Greater than 90th centile. b Median.
Cone: albumin concentration. AER: albumin excretion rate, A:C Ratio: urine albuminxreatinine ratio, EMU: random untimed or
early morning urine.



Table 3.2 Prevalence and expression of microalbuminuria in normoglycaemic children

Study
Sample size
(M:F)

Age
(mean (range))

Ethnic
grouping

Type of urine
collection and
expression of
albuminuria

Reference
range

Prevalence of
microalbuminuria

Davies23

Kodama
34

374
(183:191)

1090
(582:508)

9
(4-16)

8
(6-11)

Europid Timed day 1.1-28.6 (M)
AER (ug/min/1.73 m2) 1.3-45.2 (F)
Timed night 0.8-9.9 (M)
AER (ug/min/1.73 m2) 0.9-10.1 (F)

Japanese EMU
Cone, (mg/1) 0-18

Prevalence expressed as percentage outside reference range, or stated cut-off points.
Cone: albumin concentration
AER: albumin excretion rate
EMU: random untimed or early morning urine
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(women) mg/1. For albumin:creatinine ratios the respective 95th and 97.5th
centiles were 1.43 (men) or 1.80 (women), and 2.3 (men) or 2.8 (women) mg/
mmol. Albumin concentrations fell with age in men and women, although the
albumimcreatinine ratios only fell in women. In sterile Albustix-negative
urine (5425 subjects), the degree of albuminuria showed log linear relation-
ships with diastolic blood pressure 0 = 0.0001, significant change in slope
> 78.6 mmHg), and with body mass index (p = 0.0001, significant change in
slope > 25.9 kg/m2 in men, and > 28.4 kg/m2 in women). Log linear relation-
ships with no clear cut off were recorded with serum triglycerides, cholesterol,
and systolic blood pressure (all /? = 0.0001), and a negative linear relationship
was noted with HDL cholesterol (p = 0.0461, significant change in slope < 1.4
mmol/1). These associations were retained after exclusion of the 183 subjects
with diabetes.

Multiple regression analysis revealed that 12.4 % of the variability in
albuminuria concentration could be accounted for by the independent influ-
ences of age (inverse association), gender, body mass index, diastolic blood
pressure and serum triglycerides. Information on alcohol and tobacco con-
sumption increased the prediction of variability to 14.5 %5, and on dietary
intake of fat and fibre to 13.9%. Further study of the same cohort suggested
that dietary cholesterol intake > 226 mg/day and dietary fibre intake < 26 g/
day independently influenced albuminuria. There appeared to be no indepen-
dent influence of dietary protein, salt, or altered polyunsaturated:saturated
fat ratios5. There was also a suggestion that alcohol intake > 32 g/day influ-
enced microalbuminuria independently of age, gender and ethnicity,
although not of triglyceridaemia. Smoking was associated with a marginal
yet significant univariate increase in albuminuria (5.4 versus 4.6 mg/1), with a
linear association apparent on consumption of > 10 cigarettes/day5.

Influence of ethnic variation

Before discussing the comparability of this study and other reports, it is
worth scrutinising the study sample of Metcalf and colleagues. The key
point of the study was to ensure that there was adequate representation of
employees who were Maori and Pacific Islanders, in addition to Europids.
Thus, some 20 % of the entire study population were not European, although
the selected group on whom the reference range was based comprised only 10
% non-Europids. The importance of the ethnic background lies in the rea-
lisation that microalbuminuria and a host of other metabolic derangements
are more prevalent amongst Westernised ethnic minority groups. This is
particularly apparent in non-insulin dependent diabetes (see later), where
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microalbuminuria appears more prevalent in both indiginous and migrant
non-Europid ethnic groups, but is also apparent in the absence of diabetes.
These same ethnic groups have an increased incidence of obesity, hyperten-
sion, dyslipidaemia and non-insulin dependent diabetes, factors directly asso-
ciated with microalbuminuria, and perhaps the sequelae of primary insulin
insensitivity. The significant proportion (20 %) of non-Europids in Metcalf s
study had a disproportionate influence on the pattern of microalbuminuria
and its relationship with biological variables, which was independent of
the greater prevalence of glucose intolerance in these ethnic groups18.
Other studies in non-diabetic Mexican Americans20, Australian
Aborigines21, Nauruan Pacific Islanders22 and Hong Kong Chinese8 would
support this view.

Influence of other demographic factors

In the study of Woo and colleagues8, the urinary albumin :creatinine ratio
was related to blood pressure and measures of insulinaemia and glycaemia in
both men and women, and to triglyceridaemia and anthropometric estimates
in women. However following multivariate analyses which took account of
blood pressure, fasting blood glucose in men, and fasting serum insulin in
women also independently contributed to microalbuminuria, but only whilst
hypertensive subjects were included in the sample.

The Copenhagen City Heart Study9 examined an age-stratified representa-
tive geographically defined population. The main findings were that on
average albuminuria remained constant with age, although men over 60
accounted for the higher albumin excretion rates in males in comparison
to females. The prevalence of microalbuminuria (15-150 ug/min) was 3 %,
although the 95th centile for this population was 11 ng/min.

Greater urine albumin concentrations in men have also been recorded in
almost 1000 Europids in north London4. This could be expected from the
gender-specific differences in the other variables which appear to exert an
influence on microalbuminuria. The anomalous finding of a greater preva-
lence of microalbuminuria in non-diabetic Nauruan women22 probably
reflects the overwhelming influence of obesity and its preponderance in
these women. The contrasting higher albumin:creatinine ratios in women
in Auckland19 has also been recorded in smaller studies in Newcastle upon
Tyne6 and in schoolchildren in Greater Manchester, England23, and is in a
sense an artefact reflecting less muscle bulk and hence lower creatinine excre-
tion amongst females.
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The influence of age on albuminuria is more perplexing. Jensen found that
increased albumin excretion rates were confined to men more than 60 years
old9, whereas Metcalf and colleagues19 found that albuminuria concentra-
tions fell in men and women (as did albuminxreatinine ratios in women), and
suggested this reflected the parallel age-related decline in glomerular filtration
rate, although they then went on to make the interesting (and unsubstan-
tiated) comment that 'age and sex effects were undetectable when laboratory
rounding of results and analytical variation were taken into account'.
Contrasting unexplained age-related reductions in albumin excretion rates
in women and increases in men were noted by Gould and coworkers4,
whereas in our own study a direct correlation between age and albuminuria
in men and women was noted6, and a similar observation was made by
Collins and colleagues in Nauruans22. Others have found no relationship
with age9. The age spectrum varied quite a bit in the different studies, and
it would appear that a direct relationship with increasing age is more likely
where the age spread is not necessarily greater (i.e. 25-65, as opposed to 40-
78 years), but where a major proportion is under 40 years of age. This would
be compatible with the view that ageing exerts an indirect influence due to an
increasing incidence of adverse age-related biological factors, and that this
operates above a threshold at roughly 40 years of age.

Influence of metabolic and physiological factors

Blood pressure, body mass index, serum lipids, glucose and insulin are bio-
logical factors which are independently associated with albuminuria, and
there are sound physiological bases for these relationships. Metcalf and cow-
orkers suggested that they could account for 12.4 % of variability in albu-
minuria concentrations19, whilst Gould and colleagues4 suggested that age,
height, systolic blood pressure and blood glucose two hours after a 75 g oral
glucose load accounted for 8.4 % of the variability in albumin excretion rates
in men. We suggested that as much as 37 % of the variabilty in albumin:
creatinine ratios could be accounted for by age, gender, systolic blood pres-
sure and estimated insulin resistance6.

The correlation between blood pressure and albuminuria is the most con-
sistent observation in the various studies, although there has been a sugges-
tion that, as with insulin resistance and hypertension, the strength of this
relationship might vary between ethnic groups, and may be most evident in
Europids and Hong Kong Chinese. Metcalf and colleagues19 used multiple
regression and suggested that diastolic blood pressure exerted the major
influence, whereas systolic blood pressure appeared more important in
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other studies4'6. An important observation was made by Gosling and
Beevers3, who only found an association with mean blood pressure beyond
a threshold of 140 (systolic)/90 (diastolic) mmHg. The concept of an effect of
blood pressure beyond a threshold is supported by Metcalf and collabora-
tors19, where a significant increase in the slope of the regression line between
diastolic blood pressure and urine albumin concentration was noted when the
95th centile exceeded 82 mmHg. The relative influence of systolic and dia-
stolic blood pressure reflects the different patterns and prevalence of hyper-
tension in the different population studies. The likeliest mechanism is a
chronic increase in capillary hydraulic pressure, in conjunction with altered
glomerular permeability. It has been suggested that this could even operate in
normotensive first degree relatives of those with essential hypertension, thus
explaining microalbuminuria in such subjects, and reflecting the possibilty of
genetic modulation of renal albumin handling24.

The variable importance of body mass index in the several studies may be
the consequence of sample, population and ethnic differences in the preva-
lence of obesity, and perhaps more importantly in variable patterns of regio-
nal fat distribution. The clearest direct association between body mass and
albuminuria was in the reports of Metcalf and colleagues19 and Collins and
coworkers22, where obesity (BMI > 30) was a feature of 20 % and 60 % of
the respective study populations. By contrast, when obesity was present in
less than 10 % of subjects, no such relationship was noted. The suggestion by
Gould and colleagues4 that reduced height was an independent associate of
microalbuminuria in men is compatible with increased body mass and cen-
trally distributed fat, but unfortunately no information was provided on the
weight of their subjects. A direct physiological mechanism for such an asso-
ciation is speculative. Gould raised the possibility that altered intrauterine
growth could be the common basis for short stature, obesity, and altered
renal structure and function. An alternative, and to our mind more likely
scenario, is that central obesity and additional adverse factors frequently
cluster within individuals. The co-existence of cardiovascular disease, hyper-
tension, dyslipidaemia (reduced HDL cholesterol and raised serum triglycer-
ides), hyperuricaemia, hypofibrinolysis, and hyperinsulinaemia in association
with normoglycaemia or hyperglycaemia, are increasingly recognised accom-
paniments of central obesity. There is currently intense interest as to whether
hyperinsulinaemia and/or insulin insensitivity could be the prime mover in
this constellation of metabolic and vascular abnormalities. As most if not all
of these factors have been related to microalbuminuria in the population
studies, it may be statistically difficult to demonstrate an independent role
for one particular factor.
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Fasting or post-glucose load hyperinsulinaemia and insulin insensitivity
were independently related to a variable degree with microalbuminuria in
Nauruan men but not women22, in women but not men in Hong Kong
Chinese8 and in smaller studies in English Europids and Mexican
Americans6'20. In the absence of diabetes, fasting or post oral glucose load
plasma glucose values are even less consistently related to albuminuria. This
is likely to be a reflection of the fact that under these circumstances plasma
glucose operates as a surrogate for serum insulin, but other possibilities
include a transitory impact of either glucose or insulin on albumin excretion.
Acute increases in blood glucose produce a short-lived increase in albumin
excretion, partly through an osmotic diuretic effect, and perhaps also
through interference with tubular reabsorption25"27. In addition, however,
the serum insulin response to glucose loading will itself increase renal
blood flow and glomerular filtration of albumin. Insulin may also increase
vascular permeability acutely28. It is not known whether such processes could
operate chronically to augment albuminuria. The associated hyperuricaemia
could, however, be the consequence of altered insulin action on renal tubules,
and this in turn may affect renal handling of albumin.

The association between albuminuria and triglycerides and HDL choles-
terol has been seen to a greater or lesser degree in several studies6'19'20. The
role of lipids in microalbuminuria will be discussed in more detail later, but
the association is of course not necessarily causal, and these cross-sectional
studies could just as easily be demonstrating that dyslipidaemia may be the
sequelae of microalbuminuria. The likelihood that altered lipid concentra-
tions do not normally modify renal handling of albumin is supported by the
lack of microalbuminuria amongst subjects with primary hyperlipidaemia
(hypercholesterolaemia and hypertriglyceridaemia)29.

Influence of lifestyle factors

The independent role of lifestyle in determining microalbuminuria is also
probably of marginal importance. The suggestion by Metcalf and colleagues5

that alcohol may influence albuminuria was not apparent after correction for
triglycerides which often rise with chronic alcohol intake, and probably not
relevant after taking account of alcohol-induced blood pressure changes.
Other reports have found no suggestion that alcohol was related to albumi-
nuria. There is no straightforward mechanism whereby alcohol could alter
albumin excretion. Likewise, although smoking may well be important in the
progression of microalbuminuria in established cases (particularly in dia-
betes), the suggestion that smoking induces renal hypoxia and urinary albu-
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min loss appears to be at best of marginal importance. Metcalf and collea-
gues5 suggested that this was significant in those who smoked more than 10
cigarettes a day, but others have not found smoking to be more common
amongst microalbuminuric subjects.

The suggestion that dietary cholesterol and fibre intake could indepen-
dently influence albuminuria5 remains unsubstantiated and difficult to
explain in physiological terms. Neither dietary salt or protein intake nor
the polyunsaturated: saturated fat ratio appear to be significant determinants
of microalbuminuria, yet it is known that albumin excretion rates are lower
in strict vegans than in omnivores30. Although glomerular filtration may
change acutely following large animal protein loads31, varying amounts of
protein intake between individuals does not appear to be an important deter-
minant of albuminuria.

Exercise is a similar example, in that whilst acute exercise clearly increases
albuminuria, regular exercise is not a correlate of albuminuria in popula-
tions. The role of regular exercise in albumin excretion cannot be straightfor-
ward because of the impact of physical fitness on metabolic and
haemodynamic factors which themselves may regulate albumin excretion.

There is virtually no current information on the role of haemostatic and
fibrinolytic factors in microalbuminuria in non-diabetic subjects, although we
found significant alteration of fibrinogen concentrations accompanying
microalbuminuria6. There has been a recent intriguing suggestion that indus-
trial environmental factors might also play a role in the development of
microalbuminuria. Hotz and colleagues32 examined the role of glycosoami-
noglycans in workers exposed to industrial solvents and found that those
hypertensive individuals exposed to greatest amounts had significantly higher
levels of microalbuminuria. More recently, this finding has been attributed to
alterations in the circadian rhythms with shift work rather than to prolonged
exposure to nephrotoxic chemicals33.

Summary

Microalbuminuria in the normal population is probably most precisely
defined as overnight albumin excretion rates > 10 ug/min, which are likely
to be more prevalent amongst males. In practical terms this might best equate
to albumin:creatinine ratios > 1.43 mg/mmol in men, and 1.80 mg/mmol in
women. The clearest determinant is blood pressure, but other factors closely
related to blood pressure such as insulin insensitivity may also be implicated.
The impact of age is probably in the main due to the greater likelihood of
these factors interacting.
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4
Microalbuminuria in diabetes mellitus

Introduction

It has been recognised for many years that IDDM patients with persistent
dip-stick positive proteinuria have a very much worse prognosis than patients
who remain dip-stick negative. The relative mortality of proteinuric IDDM
patients is 75-100 times that of the non-diabetic population, compared with
2-4 times for non-proteinuric patients1. Cardiovascular mortality is much
more common in those patients with proteinuria than in those without2,
up to two thirds of proteinuric patients dying of cardiovascular disease
and the remainder of renal complications. Conversely, few patients surviving
for longer than 40 years with insulin-dependent diabetes have dip-stick posi-
tive proteinuria3. Thus, the sub-group of proteinuric IDDM patients have an
exceptionally poor prognosis. Once proteinuria appears, the renal disease is
irreversible, measures such as antihypertensive therapy and low protein diets
reducing the rate of decline of the glomerular filtration rate rather than
halting or reversing the process. There is thus a need to identify at a much
earlier stage those patients who will later develop dip-stick positive protei-
nuria, in the hope that earlier intervention will completely halt or even
reverse the renal and cardiovascular disease processes. The development of
a specific and sensitive radioimmunoassay for urine albumin in 19634 opened
up this prospect.

The Guy's group quickly followed this initial methodological paper with
work showing that in some established IDDM patients without clinical pro-
teinuria the albumin excretion rate was higher than in healthy non-diabetic
individuals5. Other groups confirmed this work and, in addition, demon-
strated that at diagnosis of IDDM the AER may be elevated but returns
to normal as blood glucose is controlled6. In newly diagnosed NIDDM
patients, albumin excretion rates measured during a 2 h, 50 g glucose toler-
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ance test were noted to be higher than in non-diabetic individuals7. It was
thus obvious that diabetic subjects without overt proteinuria could still exhi-
bit increased albumin excretion above the normal range, and the term micro-
albuminuria was coined.

Significance of microalbuminuria in diabetes

Insulin-dependent diabetes

The significance of the above observations was not realised until 1982, when
the first of several reports was published. In 1966-67, the Guy's group mea-
sured timed overnight albumin excretion rates in 87 IDDM patients without
proteinuria. The patients were re-studied 14 years later, information on 63 of
the original cohort being available8. Of the eight whose initial AER was > 30
ug/min, seven had developed persistent proteinuria and three had died, whilst
of the 55 with initial AER < 30 ug/min, five had died and only two devel-
oped proteinuria. Reassessment of the same cohort after a total of 23 years'
follow-up9 confirmed the higher risk of developing clinical proteinuria in the
microalbuminuric patients and, in addition, demonstrated that they were also
at increased risk of dying of a cardiovascular cause. The relative risk of
clinical proteinuria was 9.3 and of cardiovascular death 2.9 compared with
the normoalbuminuric patients. Recent papers from other groups have con-
firmed that microalbuminuric IDDM patients are at increased risk of large
vessel disease, although this does not become clinically apparent until the
patients have clinical proteinuria10'11.

Several additional reports from different groups quickly confirmed these
broad findings (Table 4.1). Although the types of urine collections, albumin
assays, length of follow-up and predictive cut-off levels are different in each
study, the overall conclusion is similar, namely that IDDM patients with
microalbuminuria are at greatly increased risk of the later development of
persistent proteinuria and of early death. Overall, approximately 80 % of
patients with AER above the given cut-off develop persistent proteinuria,
end-stage renal failure or die prematurely, whilst only 5 % of those below the
cut-off do so.

Non-insulin-dependent diabetes

Microalbuminuria has a somewhat different significance in NIDDM
patients. Jarrett and colleagues17 studied 42 NIDDM patients, with urine
negative to dip-stick, in 1966-67 and again in 1980. Of the 25 survivors,



Table 4.1 Summary of the studies showing the predictive power of microalbuminuria in diabetes mellitus

Reference

Renal risk in IDDM
Viberti8

Parving12

Mogensen13

Mathiesen14

MCS15

Mathiesen16

Cardiovascular risk in NIDDM
Mogensen18

MacLeod20

Jarrett17

Neil21

Schmitz19

Mattock22

Gall23

Beatty24

Type of
urine sample

Overnight
24 h
Short day-time
24 h
Overnight
24 h

EMU
Overnight
Overnight
Random
EMU
Overnight
24 h
Random

Length of
follow-up (years)

14
6

>7
6
4
5

9
8

14
6.1

10
3.4
5
8

Non-diabetic
reference range

< 12 ug/min
< 40 mg/24 h
<7.5 ug/min
< 20 ug/min
< 10 ug/min
< 15 mg/min

<15mg/l
< 10.6 ug/min
< 10 ug/min
<15mg/l
<15 mg/1
< 20 ug/min
< 30 mg/24 h
< 35 mg/1

Discriminant
value

30 ug/min
40 mg/24 h
15 ng/min
70 ug/min
10 ug/min
15 ug/min

15 mg/1
10.6 ug/min
10 ug/min
40 mg/1
15 mg/1
20 ug/min
30 mg/24 h
35 mg/1

EMU, early morning urine sample.
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24 had initial AER ^ 10 |ig/min in an overnight collection, whilst of the 17
deceased, six had initial AER >30 ug/min and ten > 10 ng/min. The
mortality risk for subjects with AER > 30 and > 10 (ig/min was 3.3 and
4.0 respectively. In a much larger study with a ten-year follow-up, increas-
ing mortality was seen with rising albumin concentration in an early morn-
ing urine sample, mortality being increased 37 % above non-diabetic
subjects in the diabetic subjects with albumin concentration < 15 mg/1, 76
% in those with albumin concentration 16-29 mg/1 and 148 % in the group
with albumin concentration 30-140 mg/118. The predominant cause of death
was cardiovascular disease in all groups. In addition, after nine years, those
with initial albumin concentration 30-140 mg/1 were more likely to have
proteinuria (albumin concentration > 400 mg/1) than those with initially
lower albumin concentrations, although only 17 out of 76 actually devel-
oped proteinuria. This gradient of increasing risk of early death with
increased albumin concentration has been confirmed by other Danish work-
ers (Fig. 4.1)19. Further work, summarised in Table 4.1 has confirmed that
microalbuminuria is a risk marker for premature death in NIDDM, the
relative risk being around two to three compared with normoalbuminuric
NIDDM patients.

In all of the studies described above, the predominant cause of prema-
ture death was cardiovascular disease. One study compared 153 NIDDM
patients with AER >10.5 |ig/min in an overnight collection to 153 patients
with AER < 10.5 |ig/min, matched for age, gender and known duration of
diabetes20. Ninety patients with elevated AER died during an 8 year
follow-up, compared to 63 with normal albumin excretion. There was
an excess of deaths due to large vessel disease (cardiovascular, peripheral
vascular and cerebro-vascular disease combined) in those with elevated
albumin excretion. The excess of vascular deaths was also seen in sub-
groups with AER 10.6-29.9 (ig/min and >29.9 |xg/min. In this study and
in most others, the increased risk associated with microalbuminuria has
been shown to be independent of other established cardiovascular risk
factors.

Thus, it would appear that in NIDDM, microalbuminuria identifies a sub-
group with a particularly poor outlook, many dying prematurely, predomi-
nantly from large vessel disease. In addition, there does appear to be an
increased risk of progression to clinical proteinuria, although for an indivi-
dual patient, this risk is much smaller than in IDDM and is overshadowed by
the cardiovascular risk.
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Fig. 4.1. Kaplan-Meier estimates of the survival curves for four levels of
urinary albumin concentration (UAC, mg/1) measured in early
morning urine samples obtained from 503 patients with non-
insulin-dependent diabetes. Reproduced from reference 19 with
permission (copyright John Wiley & Sons Limited).

Prevalence of microalbuminuria

The pathogenesis of microalbuminuria in diabetes appears more complex
than in the normoglycaemic population and will be discussed in detail later
in the chapter. It is clear, however, that the factors important in the patho-
physiology of albuminuria in diabetes need to be taken account of in trying
to resolve the apparent inconsistencies when reviewing the literature on the
epidemiology of microalbuminuria. One of the key difficulties is that the vast
majority of surveys of the prevalence of microalbuminuria in diabetes is
hospital clinic based, where there is inevitable bias in patient selection. The
sample size in several studies, in particular of ethnic minorities, is often
woefully small. Those notable exceptions will be discussed in greater detail.
It is also necessary to consider the natural history of microalbuminuria in



Table 4.2 Studies of the prevalence of microalbuminuria in NIDDM

Study

Mogensen25

Stiegler26

Schmitz19

Patrick27

Gatling28

Marshall29

Mattock30

Damsgaard31

Gall32

Collins33

Erasmus34

Tai35

Cheung36

Haffner37

Allawi38

Gupta39

Sample

Clinic
Population
Clinic
Clinic
Population
Clinic
Clinic
Population

Clinic
Population

Clinic
Clinic
Clinic
Clinic
Clinic
Clinic

Ethnic
group

Europid
Europid
Europid
Europid
Europid
Europid
Europid
Europid
Europidid
Polynesian
African (Ind)
Chinese
Chinese
Mex Amer
Indian (Mig)
Indian (Ind)

Number
(M:F)

601 (254:347)
290 (103:187)
503 (222:281)
149 (87:62)
329 (190:139)
524 (272:252)
141 (82:59)
211 (80:131)
549 (296:253)
318 (142:176)
113 (53:60)
63 (34:29)
157 (45:112)
234(105:129)
154(93:61)
64 (34:30)

Age
(years)

60 (53-90)
64 (35-75)
66 (50-75)
60 (36-86a)
? (5-98)
65 (19-86)
56 (40-73a)
68 + (60-74)
60 (35-76a)
47 (20-65b)
51 (30-65)
55 (50-65b)
58 (21-88)
51 (25-64)
51 (28-65)
49 (26-60°)

Duration
of diabetes
(years)

5 (0-30b)
8 (1-21)
7 (0-25)
0
?(0-58)
8 (1-33)
5 (0-14a)
7 (0-35)
9 (0-20)
5 (0-21)

5 (0-25)
10 (0-23)
3 (1-21)
8 (7-10a)
3 (0-22)
7 (0-18a)

Sample

EMU (x 2.9 samples)
EMU
EMU
EMU
Timed overnight
Timed overnight
Timed overnight
Timed day time
Timed 24 h
EMU
Timed 24 h
Timed overnight
EMU
EMU
EMU
Timed day time

Prevalence

(%)

>Pred 30 ug/ml: 13.7
>Ref 15 ug/ml: 39.6-49.5: >Pred 30 ug/ml: 20
> Ref 15 ug/ml: 30
>Ref Alb:Cr >2.5: 26
>Ref 7 ug/ml: 3: >Pred 30 ug/ml: 7.6
>Ref 10.5 ug/ml: 22.3: >Pred 30 ug/ml: 10
>Pred 30 ug/ml: 5
> Ref 15 ug/ml: 55-68; > Pred 30 ug/ml: 30-45
>Pred 21 ug/ml: 27
> Pred 30 ug/ml: 40
> Pred 21 ug/min: 57

> Ref 8.6 ug/ml: 23.8
>Ref Alb:Cr >2.5: 54.1
> Pred 30 ug/ml: 30.8
> Ref Alb:C > 2.0: 26.0
> Pred 20 ug/min: 26.6

Mex Amer: Mexican American, Ind: indigenous population, Mig: migrant population. Figures are mean or median (range) or (a95% confidence intervals of mean) concentrations or
excretion rates. EMU: random untimed or early morning urine, Alb:Cr: albuminxreatinine ratio. > Ref: values outside non-diabetic reference range, > Pred: values outside cut-off
predictive of complications.
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diabetes {vide infra), in particular the influence of the duration of diabetes on
the incidence of microalbuminuria.

Non-insulin-dependent diabetes

The prevalence of microalbuminuria in NIDDM in several studies is shown
in Table 4.2. The essential difficulty in defining the precise duration of dia-
betes should be considered when assessing differences in the importance
attributed to the impact of the duration of diabetes on microalbuminuria.
Notwithstanding the additional problem of variable urine collection
conditions, a broad consensus emerges with occasional exceptions.
Microalbuminuria prevalence is expressed either as percentage prevalence
outside a reference range, or as values greater than those predictive of mor-
bidity and mortality end points. It is worth considering both. The majority of
Europid population studies has been in older populations whose average age
is 60-65 years, in contrast to those in other indigenous or migrant ethnic
groups. The average proportion outside the reference range in Europids is
around 25 %, with a wide scatter (20-68 %). When predictive cut-offs are
used, the prevalence of excretion rates > 30 |a,g/min is around 10 % (range 8-
45 %). The study of Damsgaard and Mogensen31 focused on a slightly older
cohort (average age 68 years) and confirmed that ageing is associated with a
higher prevalence, outside the reference range in at least 55 %, and above the
predictive cut-off in at least 30 % of cases. The vast majority of studies has
confirmed a higher prevalence in men, although this difference seems less
apparent in Chinese and African populations34"36.

The only population-based studies of microalbuminuria prevalence in
NIDDM are those of Gatling and coworkers28, where detailed demographic
data was not presented, or that of Stiegler and colleagues26, where unfortu-
nately a random non-timed single early morning urine specimen was used to
assess urinary albumin concentration. Despite the fact that the study of
Marshall and Alberti29 focused on patients attending hospital clinics in
Newcastle upon Tyne, it had the benefit of studying a large cohort of more
than 500 subjects, and utilised apparently sterile timed overnight urine col-
lections, thereby minimising variability and misclassification.

The data from Marshall and Alberti29 are similar to that recorded by Gall
and colleagues in Denmark32, where a single timed 24 h collection was used,
and microalbuminuria (excretion rates > 20 ug/min) was present in 27 % of
cases, who were on average five years younger than the Newcastle cohort.
The apparent higher prevalence of microalbuminuria in Denmark may not
simply be the consequence of differing methods of sampling patients and



Table 4.3 Studies of the prevalence of microalbuminuria in adult ID DM

Study

Mogensen25

Marshall29

Gatling28

McCance42

Watts43

MCS44

Berglund45

Parving46

Orchard47

Descamps48

Joner49

Ramirez50

Kalk51

Haffner37

Gupta39

Sample

Clinic
Clinic
Clinic
Clinic
Clinic
Clinic
Clinic
Clinic
Population
Clinic
Population
Clinic
Clinic
Clinic
Clinic

Ethnic
group

Europid
Europid
Europid
Europid
Europid
Europid
Europid
Europid
Europ/Af Amer
Europid
Europid
?Europid
Europid
Mex Amer
Ind Indian

Number
(M:F)

481 (245:236)
416(215:201)
121 (70:51)
210 (?)
172(96:76)
1888 (1059:829)
102(51:51)
957 (514:443)
657 (332:325)
413 (137:161)
351 (189:162)
156 (77:79)
127 (70:57)
234(105:129)
38 (20:18)

Age
(years)

30 (6-84a)
45 (14-87)
? (5-98)
25 (12-43)
30 (4-33a)
34 (16-60)
36 (18-50)
41 (18-71a)
24 (8-48)
39 ± 15
20 (8-30)
35 (17-25a)
20(13-36")
51 (25-64)
22 (5-39")

Duration
of diabetes
(years)

8 (0-30b)
18 (1-55)
? (0-58)
10 (0-18)
16 (4-33a)
20 (1-39)
22 (10-44)
22 (5-48)
20 (5-30b)
13±10
11 (6-17)
16 (5-25)
20 (l-35a)
8 (7-10")
6 (0-20)

Sample

EMU (2.9 samples)
Timed overnight
Timed overnight
Timed overnight
Timed overnight
Timed overnight
Timed overnight
Timed 24 h
Timed 24 h
Timed 24 h
Timed overnight
Timed overnight
Timed day time
EMU
Timed day time

Prevalence

(%)

> Pred 30 ug/ml: 9.4
>Ref 10.5 ug/mmin: 33.6: >Pred 30 ug/min: 7
>Ref 7.1 ug/min: 32; >Pred 30 ug/min: 5.0
>Ref 20 ug/min: 8.1
>Ref 15 ug/ml: 26.0
>Pred 30 ug/min: 3.7
>Pred 20 ug/min: 16.0 (2 samples)
>Pred 21 ug/min: 22.0
>Pred 20 ug/min: 21.0 (2 samples)
>Pred 20 ug/min: 21
>Ref 15 : 12.5 (> 3 samples)
>Pred 20 : 12.2
> Ref 20 : 36.2
> Pred 30 : 30.8
> Ref 20 : 7.9

M:F (male:female), Mex Amer: Mexican American, Ind: indigenous, Af Amer: African American. Figures are mean or b median (range) or (a95% confidence intervals of mean)
concentrations or excretion rates. EMU: random untimed or early morning urine, Alb:Cr albumin: creatinine ratio. > Ref: values outside non-diabetic reference range, > Pred: values
outside cut-off predictive of complications.
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Mogensen25

Marshall29

Gatling28

McCance42

Watts43

MCS44

Berglund45

Parving46

Orchard47

Descamps48

Joner49

Ramirez50

Kalk51

Haffner37

Gupta39

Sample

Clinic
Clinic
Clinic
Clinic
Clinic
Clinic
Clinic
Clinic
Population
Clinic
Population
Clinic
Clinic
Clinic
Clinic

Ethnic
group

Europid
Europid
Europid
Europid
Europid
Europid
Europid
Europid
Europ/Af Amer
Europid
Europid
?Europid
Europid
Mex Amer
Ind Indian

Number
(M:F)

481 (245:236)
416(215:201)
121 (70:51)
210 (?)
172(96:76)
1888 (1059:829)
102(51:51)
957 (514:443)
657 (332:325)
413 (137:161)
351 (189:162)
156 (77:79)
127 (70:57)
234(105:129)
38 (20:18)

Age
(years)

30 (6-84a)
45 (14-87)
? (5-98)
25 (12-43)
30 (4-33a)
34 (16-60)
36 (18-50)
41 (18-71a)
24 (8-48)
39 ± 15
20 (8-30)
35 (17-25a)
20(13-36")
51 (25-64)
22 (5-39")

Duration
of diabetes
(years)

8 (0-30b)
18 (1-55)
? (0-58)
10 (0-18)
16 (4-33a)
20 (1-39)
22 (10-44)
22 (5-48)
20 (5-30b)
13±10
11 (6-17)
16 (5-25)
20 (l-35a)
8 (7-10")
6 (0-20)

Sample

EMU (2.9 samples)
Timed overnight
Timed overnight
Timed overnight
Timed overnight
Timed overnight
Timed overnight
Timed 24 h
Timed 24 h
Timed 24 h
Timed overnight
Timed overnight
Timed day time
EMU
Timed day time

Prevalence

(%)

> Pred 30 ug/ml: 9.4
>Ref 10.5 ug/mmin: 33.6: >Pred 30 ug/min: 7
>Ref 7.1 ug/min: 32; >Pred 30 ug/min: 5.0
>Ref 20 ug/min: 8.1
>Ref 15 ug/ml: 26.0
>Pred 30 ug/min: 3.7
>Pred 20 ug/min: 16.0 (2 samples)
>Pred 21 ug/min: 22.0
>Pred 20 ug/min: 21.0 (2 samples)
>Pred 20 ug/min: 21
>Ref 15 : 12.5 (> 3 samples)
>Pred 20 : 12.2
> Ref 20 : 36.2
> Pred 30 : 30.8
> Ref 20 : 7.9

M:F (male:female), Mex Amer: Mexican American, Ind: indigenous, Af Amer: African American. Figures are mean or b median (range) or (a95% confidence intervals of mean)
concentrations or excretion rates. EMU: random untimed or early morning urine, Alb:Cr albumin: creatinine ratio. > Ref: values outside non-diabetic reference range, > Pred: values
outside cut-off predictive of complications.
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urine. Recent data on factors of potential importance for microalbuminuria
such as the prevalence of hypertension, and the distribution of erythrocyte
sodium lithium countertransport activity in both diabetic and control popu-
lations, raise the possibility of a genuine (genetic and/or environmental)
difference between the epidemiology of microalbuminuria in England and
Denmark.

In studies of non-white communities, between 25 and 75 % of urinary
albumin values were outside reference ranges for African, Polynesian,
Indian, Chinese and Mexican American NIDDM populations whose average
age was 50-55 years, whilst the prevalence of values > 20 ug/min ranged
from 26 % in Indians to 57 % in Nigerian Africans33'34-37"41.

Insulin-dependent diabetes

The prevalence of microalbuminuria in adult IDDM is shown in Table 4.3.
Whilst the criticism that a population-based approach is lacking could be
made about all studies with the exception of Joner and colleagues49 and
Orchard and coworkers47, it is still possible to distill a reasonable degree of
consistency. The estimation of duration of diabetes in particular is more
clearcut in IDDM compared with NIDDM, which may explain its impor-
tance as a determinant of microalbuminuria in most reports, the majority of
which were in Europids. The most representative studies demonstrate that
the prevalence of excretion rates outside the reference range is 20-30 % (cut
offs respectively 10-15 ug/min on timed overnight collections), whilst 7-16 %
had rates predictive of renal and vascular sequelae (reflecting overnight timed
rates of 15-30 ug/min).

The ethnic aspect is less clear in IDDM. Orchard and colleagues47 reported
a higher prevalence of microalbuminuria in a group on average 20 years
younger than those studied by Marshall and Alberti29, but the likely inclu-
sion of African Americans may in part explain the inconsistency. Another
group to explicitly study non-white IDDM subjects recorded microalbumi-
nuria in only 8 % of indigenous Indians, but the average duration of diabetes
was only 6 years, and the sample size very small39. As suggested for NIDDM,
the apparent higher prevalence of microalbuminuria in IDDM in Denmark
(22 %), may reflect a true difference, as the patients had characteristics which
suggested they were broadly representative of a population based sample46.
The apparent consensus from the Microalbuminuria Collaborative Study
Group of a 3.7 % prevalence (timed overnight excretion 30-250 ug/min) is
an underestimate, since hypertensive subjects were excluded, and Norgaard
and coworkers52 have elegantly shown that increasing incidence of hyperten-
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sion in IDDM is almost exclusively confined to those with microalbuminuria
(Figure 4.2).

Studies of microalbuminuria in IDDM children to date have been carried
out on predominantly (or exclusively) Europid clinic populations (Table
4 4)53,58 j ^ j a r g e s t stucjy by Mortensen and colleagues56 was performed
in 22 paediatric clinics in 950 subjects, whose average duration of diabetes
was only six years. The overall prevalence (on two to three timed overnight
rates 20-150 ug/min) was 4.3 %, but was 13-14 % in adolescents, suggesting
a joint impact of puberty and greater duration of diabetes as observed in
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Fig. 4.2. Prevalence of hypertension in all insulin-dependent diabetic
patients (n=1703; o o), in the Danish general population
(n— 10202; • •) and in normoalbuminuric diabetic patients
(«= 1301; * *). Reproduced from reference 52 with permis-
sion (copyright Springer-Verlag).



Table 4.4 Studies of the prevalence of microalbuminuria in children with IDDM

Study

Mathiesen53

Ellis54

Widstam-
Attorps55

Mortensen56

Davies57

Sample

Clinic
Clinic

Clinic
Clinic
Clinic

Ethnic
group

Europid

Europid
Europid
Europid

Number
(M:F)

97 (47:50)

110(69:41)
950 (506:444)
83 (43:40)

Age
(years)

15 (7-18)

16"(5-98)
13 (2-19)
12 (1-18)

Duration
of diabetes
(years)

10 (2-17)

7 (2-19)
6 (0-18)
5 (0-14)

Sample

Timed overnight

Timed day time
Timed overnight
Timed overnight

Prevalence (%)

> Ref 14 ug/min: 20.0 (2 samples)

> Ref 20 ug/min: 15.0
>Pred 20 ug/min: 4.3 (13-14 adolescents)

>Ref 10 ug/ml: 15.7

M:F (male: female). Figures are mean or a median (range) concentrations or excretion rates. > Ref: values outside healthy reference range, >Pred: values outside cut-off predictive of
complications.
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other studies where the prevalence was greater. In children actual age thus
appears a relatively more important correlate of microalbuminuria than in
adults, and this is also the case for HbAi and body mass index. Blood
pressure is usually related to microalbuminuria in children and, with meta-
bolic control (females in particular), appears to exert a synergistic influence
on the duration of diabetes, particularly in adolescents.

Determinants of microalbuminuria

Blood pressure

Blood pressure is one of the most important determinants of microalbumi-
nuria and is discussed in detail later in this chapter and in Chapter 6.

Duration of diabetes

Several studies have suggested that microalbuminuria is rare in the first five
years of IDDM29'44. However, in the large EURODIAB IDDM complica-
tions study59, the overall prevalence of microalbuminuria was 20.7 %, and
19.3 % in those with duration of diabetes of one to five years. The prevalence
of microalbuminuria and macroalbuminuria increased with increasing
HbAlc.

In NIDDM, there is general agreement that persistent microalbuminuria is
present from diagnosis in a proportion, perhaps 10-20 %, of patients {vide
infra).

Age

In children, there is a clear relationship of albumin excretion to age, which is
compounded by the effects of puberty53'57'58'60. The relationship in adults is
less readily apparent but still present.

Genetic factors

A full discussion of the genetic factors influencing the development of micro-
albuminuria and nephropathy is outwith the scope of this review. There is
strong evidence for genetic susceptibility to nephropathy. In IDDM, sibling
studies have suggested that siblings of probands with nephropathy are much
more likely to develop nephropathy themselves than siblings of probands
with normal albumin excretion61'62. The largest, and only prospective study
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has shown a difference of nearly 50 % in the risk to siblings, dependent on
the probands' renal status, consistent with a major gene effect63 (Fig. 4.3). In
NIDDM, studies in Pima Indians also suggest a genetic component, with
proteinuria being three times more likely in diabetic offspring whose parents
both had proteinuria compared with offspring neither of whose parents had
nephropathy64.

A number of candidate genes have been studied, including elements of the
renin-angiotensin system65"67, ion countertransporters ~74 and enzymes and
proteins involved with basement membrane synthesis or structure75"78. As
yet, no firm conclusions can be drawn. This area of research is developing
rapidly and it is hoped that future studies will not be bedevilled by problems
with small sample size and inappropriate subject selection.
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Fig. 4.3. Cumulative incidence of persistent proteinuria in IDDM siblings of
IDDM probands according to the proband's nephropathy status.
The higher curve is for siblings of probands with proteinuria {<).
The lower curve is for siblings of probands with normoalbuminuria
or microalbuminuria (#). The difference in cumulative incidence
rate (risk difference) of nephropathy after 25 years of diabetes
post-puberty is 46.1 % (CI 20.2-72.0 %). Reproduced from refer-
ence 63 with permission (copyright Springer-Verlag).
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Glycaemia

Ambient blood glucose levels are significantly higher in microalbuminuric
than normoalbuminuric IDDM patients79, although the relationship of cur-
rent glycaemia does not necessarily relate to longer-term measures such as
glycated haemoglobin, because acute hyperglycaemia may lead to acute
increases in albumin excretion. However, in most cross-sectional studies of
IDDM patients glycated haemoglobin values are also higher14'49'56'79"82.
Several longitudinal, retrospective studies have also suggested that micro-
albuminuria develops in those patients with the poorest blood glucose con-
trol83'84. In a further retrospective large study in IDDM patients over six
years, glycated haemoglobin values, both current and the mean of the pre-
vious six years, were higher in those with microalbuminuria defined as AER
>20 ug/min in a 24-h sample than in those with AER <20 ug/min42.
However, when those with microalbuminuria defined as AER > 20 ug/min
in an overnight sample were studied, neither current nor previous glycated
haemoglobin values were different in those with normoalbuminuria and
microalbuminuria.

The contribution of glycaemia to microalbuminuria in NIDDM is less
clear-cut, although associations have been reported which appear to be stron-
ger in Europid than in other ethnic groups85.

The role of blood glucose levels in the development and progression of
microalbuminuria is discussed further later in this chapter.

Other microvascular complications

As in clinical proteinuria, the other microvascular complications are more
common in microalbuminuric compared with normoalbuminuric diabetic
patients. All retinopathy, including blindness and proliferative retinopathy46

is more common14'15'29'32'82'86. Microalbuminuric patients are also more
likely to have peripheral neuropathy46'87 or foot ulceration32. Fernando
and colleagues88 found that in a mixed group of IDDM and NIDDM
patients, vibration perception threshold and mean peak plantar foot pressure
were elevated and peroneal motor conduction velocity reduced in patients
with microalbuminuria compared with patients with normal albumin excre-
tion.

IDDM patients with microalbuminuria have been shown to have enhanced
contractility of hand veins to infusion of noradrenaline89. The vascular
response to noradrenaline correlates with conduction velocity in the median
and peroneal nerves, suggesting that damage to presynaptic inhibitory a2-
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adrenoreceptors is in part responsible90. The association of microalbumi-
nuria to abnormalities of the endothelium is discussed in detail in Chapter 5.

In a cross-sectional study, detailed cardiovascular autonomic function tests
were performed in ten IDDM patients with microalbuminuria (AER 30-200
ug/min) and in IDDM patients with normal albumin excretion, clinical pro-
teinuria, renal insufficiency and end-stage renal disease matched for age,
gender and duration of diabetes, and in non-diabetic control subjects91.
Heart rate response to deep breathing and to standing, and Valsalva man-
oeuvre ratios were all significantly lower, and resting heart rates higher, in all
the diabetic groups compared with the control subjects. However, only the
Valsalva response ratio in the microalbuminuric group was significantly dif-
ferent to that in the normoalbuminuric diabetic group. Subjects with more
advanced renal disease had progressively more marked abnormalities.

In a study looking from the converse aspect, Winocour and colleagues92

found that IDDM patients with autonomic neuropathy had similar total 24-h
and day-time albumin excretion rates, but their nocturnal excretion rates of
albumin and sodium and urine volumes were significantly higher than in
patients without autonomic changes. In a similar study, Spallone and collea-
gues93 confirmed that the percentage day-night changes in systolic and dia-
stolic blood pressure and AER were less in IDDM patients with autonomic
neuropathy. In those with autonomic neuropathy, 2-h day, day and night
AER all significantly correlated with day and night systolic BP. The authors
suggested a causal relationship of autonomic neuropathy to nephropathy.

Macrovascular disease

As discussed above, microalbuminuria is a risk marker for cardiovascular
disease in both IDDM and NIDDM. The presence of microalbuminuria also
increases the likelihood of concurrent vascular disease, particularly in
NIDDM. Coronary heart disease is more common in both Europid30'32

and Asian microalbuminuric NIDDM populations94, as is peripheral vascu-
lar disease29.

The relationship of microalbuminuria to conventional cardiovascular risk
factors, including dyslipidaemias, hypertension, obesity and smoking, is dis-
cussed in detail in Chapter 6.

Renal histological changes

Understandably, very few studies have examined the structural lesions asso-
ciated with microalbuminuria in either insulin-dependent or non-insulin-
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dependent diabetes. Marked histological changes are seen in IDDM patients
with and without clinical nephropathy, with arteriolohyalinosis, subcapsular
fibrosis, glomerular mesangial expansion and capillary closure occurring in
both groups95. However, the area of open capillaries appeared within normal
limits in patients without nephropathy, but was markedly reduced in those
with clinical evidence of renal impairment.

In a comparison of renal histological measures in IDDM patients with
normal albumin excretion and blood pressure, microalbuminuria and normal
blood pressure, and microalbuminuria and high blood pressure and/or
decreased creatinine clearance, only those patients with microalbuminuria
and high blood pressure and/or decreased creatinine clearance had consis-
tently abnormal glomerular structure96, with increased glomerular basement
membrane thickness, fractional volume of mesangium and mesangial volume
per glomerulus. However, in contrast another study has shown increased
glomerular basement membrane thickness, fractional volume of mesangium,
and matrix star volume in microalbuminuric compared with normoalbumi-
nuric patients97. AER correlated positively with each of these three structural
parameters and glomerular filtration rate and blood pressure were similar in
the two groups.

In another small study of 15 IDDM patients, all with some degree of
nephropathy, only four had AER < 300 |ig/min98. However, significant cor-
relations were found between an index of severity of clinical nephropathy
(AER, GFR and blood pressure) and the severity of structural changes (base-
ment membrane thickness, mesangial expansion and glomerular occlusion).
The albumin excretion rate correlated with the percentage of the peripheral
basement membrane carrying fluffy loose intrinsic fine structure. No relation-
ship was found between histological parameters and blood pressure alone.

A small study of 17 adolescent IDDM patients with low levels of micro-
albuminuria (mean 32 ug/min) showed an increase in basement membrane
thickness, mesangial volume fraction and matrix volume fraction compared
with values measured in 11 healthy kidney donors99. Matrix star volume and
thickness, interstitial volume fraction and mean capillary diameter were also
increased. The increase in basement membrane thickness and matrix volume
fraction per year of diabetes duration correlated with the mean HbA)c over
the year preceding biopsy.

One study has not found such consistent histological differences between
groups of patients100. In microalbuminuric female IDDM patients with nor-
mal or reduced GFR, volume fraction of mesangium, index of arteriolar
hyalinosis and percentage sclerosed glomeruli were increased compared
with IDDM women with normal albumin excretion, as might have been
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expected from the above. However, similar morphometric changes were seen
in women with low creatinine clearance rates and normal albumin excretion.
The reasons for these observations are not clear, but it may be that estima-
tion of glomerular nitration by endogenous creatinine clearance led to abnor-
mally low results in this group of patients.

Thus in IDDM, the bulk of the evidence suggests that structural abnorm-
alities are more marked in microalbuminuric patients (Fig. 4.4).

The situation is less clear-cut in NIDDM. Non-diabetic renal disease is
said to be more common in proteinuric NIDDM than IDDM patients101'102,
although some authors have suggested that this apparent increase is due to
bias in including patients with non-diabetic renal disease in the reported
series103. One semi-quantitative study using light microscopy only demon-

Epith

BM

Fig. 4.4. Electron microscopic appearances of a glomerulus from an IDDM
patient with microalbuminuria. Endo: Endothelium. Mes:
Mesangium. Cap: Capillary. BM: Basement membrane. FP: Foot
process. Epith: Epithelium.
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strated that microalbuminuric NIDDM patients had greater glomerular
volume, mesangial sclerosis and arteriolar hyalinosis compared with non-
diabetic control subjects104. In a careful series of 34 apparently unselected
microalbuminuric NIDDM patients of mean age 58 years, 10 were judged to
have normal or near normal renal structure, 10 to have changes typical of
diabetic nephropathy and 14 atypical changes105. Retinopathy was present in
all patients with typical changes and in only 50-60 % of the others, whilst
AER was similar in all three groups. Thus, NIDDM patients with micro-
albuminuria may not demonstrate the classical features of diabetic nephro-
pathy on histology. In these patients, it is perhaps conceivable that
microalbuminuria is a reflection of renovascular disease.

Urinary excretion of other proteins

Glomerular proteinuria

The urinary excretion of other proteins is also abnormal in microalbumi-
nuria. Cross-sectional studies have demonstrated an increased fractional
excretion of IgG and albumin in microalbuminuric IDDM patients com-
pared with normoalbuminuric controls106, but with a decrease in the
IgG:albumin clearance ratio when AER > 30 ug/min. The clearance of
albumin correlated with the clearance of IgG only in those patients with
AER < 60 ng/min, suggesting that increased intra-glomerular pressure is
primarily responsible for low levels of microalbuminuria, but that higher
levels are governed by a charge selectivity defect. Further cross-sectional
work has extended and challenged these observations. Deckert and collea-
gues107 measured renal fractional clearances of albumin, total IgG, anionic
IgG4 and pVmicroglobulin in non-diabetic control subjects and IDDM
patients with normal albumin excretion (< 30 mg/24 h), early (30-100 mg/
24 h) and late (> 100 mg/24 h) microalbuminuria. In the normoalbuminuric
patients, clearance of total IgG was high whilst clearance of anionic albumin
and IgG4 was similar to that in the non-diabetic population, suggesting an
early increase in glomerular pore size or impairment of tubular reabsorption.
In early microalbuminuria, fractional clearance of IgG was similar to nor-
moalbuminuric patients, but clearance of albumin and IgG4 was increased,
supporting the concept of unchanged pore size but loss of anionic charge on
the basement membrane. With more advanced albuminuria, fractional clear-
ance of IgG increased to the same extent as clearance of albumin, suggesting
that at this stage, an increase in pore size had occurred.
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Further work from the Danish group108 has shown that the IgG:IgG4

selectivity ratio decreased in patients with low levels of microalbuminuria
(30-100 mg/24 h) compared with normoalbuminuric IDDM patients, with-
out differences in tubular function or renal haemodynamics (Figure 4.5). Size
selectivity, as measured by clearance of neutral dextrans, was only altered in
patients with clinical proteinuria and elevated serum creatinine (Figure 4.6).

Several groups have confirmed that the charge selectivity ratio (IgG/IgG4)
is decreased in patients with low levels of microalbuminuria109'110 and one
has demonstrated that following improvement in metabolic control, with a
reduction in HbAlc of around 1.5 %, the selectivity index rose by around 50
%, without a change in albumin excretion rate.

Using the ratio of the clearance of pancreatic and the more anionic salivary
amylase as an indicator of glomerular charge selectivity, Fox and collea-
gues111 found similar ratios in non diabetic and normoalbuminuric diabetic
subjects, but lower ratios in IDDM patients with micro- or macroalbumi-
nuria. The molecular mass of amylase (56 kDa) is lower than albumin and
IgG, and so its clearance may perhaps be less sensitive to size selectivity
changes.

X
CD
•o

5

3:

2-

1-

0-

4*-

o
o

C D1 D2 D3 D4 D5

Fig. 4.5. Selectivity index (clearance of IgG/IgG4) in non-diabetic subjects
(C), IDDM patients with normal albumin excretion (Dl), IDDM
patients with albumin excretion rate 30-100 mg/24 h (D2), IDDM
patients with albumin excretion rate 101-300 mg/24 h (D3), IDDM
patients with albumin excretion rate > 300 mg/24 h and serum
creatinine <110 umol/1 (D4) and IDDM patients with albumin
excretion rate >300 mg/24 h and serum creatinine ^110 umol/1.
Reproduced from reference 108 with permission (copyright
Springer-Verlag).
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Fig. 4.6. Fractional clearance (mean ± SEM) of dextrans of different size
(A) in insulin-dependent diabetic patients with normal urinary
albumin excretion (< 30 mg/24 h; #), patients with albumin excre-
tion rate >30 mg/24 h and GFR >90 ml/min/1.73 m2 (A ) and
patients with albumin excretion rate > 30 mg/24 h and GFR < 90
ml/min/1.73 m2 (•). * /? < 0.05. Reproduced from reference 108 with
permission (copyright Springer-Verlag).

In a longitudinal study over approximately eight years of IDDM patients
with normoalbuminuria, intermittent microalbuminuria or persistent micro-
albuminuria, albumin clearance correlated closely with transferrin, IgG and
total protein clearance in the whole group112. In most subjects with inter-
mittent microalbuminuria or who progressed from normoalbuminuria to
persistent microalbuminuria, increases in albumin excretion were associated
with increases in transferrin and IgG clearance, supporting the concept that
the 'microproteinuria' is of glomerular origin, arising because of increased
intra-glomerular pressure. Further analysis, however, suggested a triphasic
development of proteinuria. In the first phase of normoalbuminuria or early
microalbuminuria, proteinuria is non-selective with IgG clearance equal to or
greater than transferrin or albumin clearance. As microalbuminuria devel-
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ops, there is a progressive increase in selectivity, reflecting the preferential
excretion of albumin and transferrin compared with IgG. In clinical protein-
uria, there is a return to non-selective proteinuria113.

All of this work suggests that initially in diabetes there is an unselective loss
of protein in the urine, consequent to increased intra-glomerular pressure. As
microalbuminuria develops, the loss becomes progressively more selective,
with preferential excretion of transferrin and albumin compared with IgG.
As has been documented previously, as albuminuria advances further to the
macroproteinuric stage, selectivity is lost and the IgG:albumin clearance ratio
rises114. Selectivity at the stage of microalbuminuria is thought to relate to
loss of glomerular basement membrane charge, in particular with loss of
anionic heparan sulphate proteoglycan from the basement membrane115. In
later stages, the glomerular pore size increases, as demonstrated by increased
clearance of all sizes of neutral dextrans114, so that charge selectivity becomes
less important and IgG can again escape. One study has shown a loss of
erythrocyte anionic charge (sialic acid and acidic glycosaminoglycan content)
which correlates with increasing albuminuria in the normo- and micro-
albuminuric range116, suggesting that loss of charge is widespread, although
another found no difference in non-diabetic and in IDDM subjects with
normal albumin excretion, micro- and macroalbuminuria117.

Tubular proteinuria

Abnormalities in tubular proteinuria may be present in diabetes regardless of
the albumin excretion rate. A cross-sectional study in IDDM patients has
shown a correlation between urinary excretion rates of albumin and transfer-
rin, and albumin and N-acetyl-P-D-glucosaminidase excretion118. All patients
with elevated albumin excretion had increased transferrin excretion but, in
addition, 78 % of those with normal albumin excretion had increased trans-
ferrin excretion. The authors suggested that elevated transferrin excretion
may be a marker for renal dysfunction, but this is likely to be tubular rather
than glomerular dysfunction, perhaps reversible with improved glycaemic
control and not necessarily indicative of subsequent decline in glomerular
function. In children with and without diabetes, urinary excretion of trans-
ferrin correlates with indices of proximal tubular function (a-1-microglobulin
and N-acetyl-P-D- glucosaminidase excretion) and with urinary glucose and
albumin excretion119. Urinary transferrin excretion was significantly higher in
the diabetic children whereas albumin excretion was not statistically different.

A longitudinal study over eight months confirmed the relationship of
changes in microalbuminuria to changes in total protein excretion, and
also demonstrated by SDS-PAGE electrophoresis that microalbuminuria is
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accompanied by persistent excretion of a variety of low molecular weight
proteins, thought to be of tubular origin120. Cross-sectional studies have
also suggested that proteinuria of glomerular and tubular origin may co-
exist at the stage of microalbuminuria. Significant increases in excretion of
retinol binding protein have been observed in both normo-121~123 and micro-
albuminuric IDDM patients122'123. The excretion of both retinol binding
protein and albumin correlates with systolic and diastolic blood pressure124

and is influenced by glycaemic control. Excretion of retinol binding protein
increased by ten-fold during a hyperinsulinaemic, euglycaemic insulin clamp
in normoalbuminuric IDDM patients121, suggesting that acute changes in
glycaemia may lead to acute changes in tubular function. Longer-term
changes in blood (and urinary) glucose levels may lead to reductions in
excretion of retinol binding protein and other tubular proteins125.

A longer-term study has followed changes in urinary excretion of N-acetyl-
B-D-glucosaminidase (NAG) and albumin excretion in 36 IDDM patients
over five years126. Urinary albumin and creatinine concentrations were mea-
sured in a first morning urine sample, and the fractional albumin excretion
rate calculated as the ratio between the albumin clearance and the creatinine
clearance multiplied by 10~3. Initial albumin concentration was 14 ± 1 mg/1
rising to 127 ± 53 mg/1 after five years, the urinary excretion of NAG
remaining constant (0.58 ± 0.07 vs 0.62 ± 0.08 U/mmol creatinine). The
urinary excretion of NAG was similar at baseline and after five years in
the nine patients who developed nephropathy and in those who did not.
Thus, urinary excretion of NAG does not appear to predict the later devel-
opment of diabetic nephropathy.

Plasma activity of NAG appears to be related to glycaemic control127. In
28 newly presenting NIDDM patients, plasma NAG activity was elevated at
presentation and fell over the following three months as glycaemic control
was improved by dietary measures. The change in NAG activity correlated
with changes in fasting plasma glucose and glycated haemoglobin.
Interestingly, plasma levels of NAG were also elevated in eight poorly con-
trolled IDDM patients, but after four days' normoglycaemia induced by
insulin infusion, NAG activity did not fall significantly.

Development and progression of microalbuminuria

Insulin-dependent diabetes

Albumin excretion is elevated at diagnosis of diabetes, in both insulin-depen-
dent6'128 and non-insulin dependent patients27'129"132. The changes in albu-
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min excretion are generally small, day-time AER falling from around 18 ug/
min at diagnosis of IDDM to around 5 |ig/min after insulin treatment6.
However, on occasions, much larger changes may be observed. In the vast
majority of IDDM patients, our current knowledge suggests that with good
metabolic control, AER returns to within the normal range: in the only study
so far published, three to six months after diagnosis of IDDM, when glycae-
mic control was stable, only 4 out of 52 patients had a 24-h albumin excretion
rate in the range 30-300 mg/24 h133. One of these had exceedingly poor
glycaemic control at the time of the urine collection, one had sustained a
myocardial infarction seven years before the onset of diabetes, and the
remaining two were adolescent boys where the day-time but not the night-
time AER was elevated, suggesting that orthostatic proteinuria accounted for
their apparent microalbuminuria.

After these changes around diagnosis and stabilisation, albumin excretion
remains normal in the majority of patients for many years, although it may
rise transiently because of acute deterioration in glucose control or as a
response to exercise (Fig. 4.7). Parving and coworkers128 studied 10 IDDM
patients of short duration (less than four years) before and after insulin
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Fig. 4.7. Fluctuations in albumin excretion rate in IDDM patients who do
not develop clinical proteinuria. Reproduced from reference 161
with permission (copyright John Wiley & Sons Limited).



76 Microalbuminuria in diabetes mellitus

withdrawal. Insulin withdrawal was accompanied by a 125 % increase in
albumin excretion, to a mean of 16.0 mg/24 h. This short-term fluctuation
in AER with blood glucose control suggests a functional rather than struc-
tural cause for the albuminuria.

Several studies failed to find microalbuminuria in IDDM patients in stable
blood glucose control for up to five years from diagnosis29'44, although more
recent reports from much larger populations suggest that microalbuminuria
may occur in around 20 % of patients with diabetes of one to five years'
duration59. The reasons for this difference may simply reflect the difference in
numbers studied, or may represent better glycaemic control in the initial,
smaller studies. It remains to be established from long-term prospective stu-
dies whether those patients with persistent microalbuminuria soon after diag-
nosis are those who will eventually progress to proteinuria and end-stage
disease or whether the microalbuminuria will regress with improved glycae-
mic control.

At some point within the first ten years of IDDM, AER will begin to rise in
those patients destined eventually to develop nephropathy (Fig. 4.8).
Progression from normal albumin excretion to microalbuminuria has not
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IDDM patient. Reproduced from reference 161 with permission
(copyright John Wiley & Sons Limited).
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been well characterised but in one detailed study of IDDM patients with
initial overnight AER less than 30 ug/min134 the cumulative incidence of
persistent microalbuminuria (AER > 30 ug/min) was 11 % in seven years,
equivalent to 1.6 % per annum. This compares closely with the results of a
Danish cohort of 205 IDDM patients followed for five years16 and to the
incidence of 16 % in nine years in the intensively treated group of the
Diabetes Control and Complications Trial135 although, in the DCCT,
patients with intermittent microalbuminuria are included in this incidence.

In a detailed prospective five year study of 62 young people (initial age 5.8-
20.9 years) followed from diagnosis, 21 % had microalbuminuria (24 h AER
>20 ug/min) after five years, with similar incidence in boys and girls136.
None had hypertension (as defined by age-specific limits) and in the whole
microalbuminuric group, five-year mean glycated haemoglobin was similar to
that in the normoalbuminuric patients. However, glycated haemoglobin was
significantly higher in the girls with microalbuminuria compared to the nor-
moalbuminuric females.

Several studies suggest that those patients with AER in the 'borderline
area' between the upper limit of the non-diabetic reference range (approxi-
mately 10 ug/min in an overnight sample) and the lower limit of AER which
by consensus defines microalbuminuria (20 ug/min) progress through the
borderline range to true microalbuminuria in a few years16'134'137. As there
have been no longitudinal studies from diagnosis, it is not clear whether these
patients have elevated albumin excretion from diagnosis, which does not fall
to normal with good glycaemic control, or whether the excretion is initially
normal and then becomes abnormal. This is an important point, as it may
mean that individuals who will subsequently develop nephropathy could be
identified soon after the diagnosis of diabetes. As discussed above, the only
study addressing this point would suggest that albumin excretion is normal in
almost all patients initially133. There also appears to be a state of 'intermit-
tent microalbuminuria', where AER may fluctuate between the normal and
abnormal ranges for some time, before microalbuminuria becomes persistent.
Poor glycaemic control, systemic blood pressure and the initial albumin
excretion rate all appear to influence the progression from normal albumin
excretion to microalbuminuria134.

Progression of microalbuminuria to proteinuria again is not well studied,
most reports being of albumin excretion at two time points rather than serial
measurements. The initial prospective studies suggest that approximately 80
% of IDDM patients with microalbuminuria will progress to persistent pro-
teinuria, end-stage renal disease or death in 8-14 years. Studies of individuals
are not well documented. In an eight month study, in 12 IDDM patients with
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initial AER > 50 mg/24 h, AER increased from a mean of around 160 to 220
mg/24 h, whilst in those with initial AER < 50 mg/24 h, AER did not change
during follow-up120. This rate of increase is somewhat faster than reported by
others. Christensen and Mogensen138 reported a mean increase in AER in ten
microalbuminuric (AER > 15 (ig/min in a short-term collection) male
patients of 19 % per annum. However, the rate of change varied greatly
from person to person, the range being -7.3 to +58.5 %.

More recent studies have suggested that the numbers progressing from
microalbuminuria to proteinuria and the rate of progression are lower than
these initial studies suggested. The Steno group followed 118 microalbumi-
nuric IDDM patients, matched for gender, age and duration of diabetes to
normoalbuminuric patients, for five years139. Initial classification was done
on the basis of only one 24 h urine collection. Those with microalbuminuria
were more likely to progress to clinical proteinuria, but only 20 % of the
microalbuminuric patients progressed, compared to 2 % of the normoalbu-
minuric group. After five years, 33 % of the microalbuminuric group had
normoalbuminuria, 48 % were microalbuminuric and 19 % had developed
proteinuria. In the normoalbuminuric group, 8 % had developed microalbu-
minuria, 2 % clinical proteinuria and 90 % remained normoalbuminuric. Of
the 79 patients with persistent microalbuminuria, only 46 % had an annual
increase in their 24-h urine albumin excretion rate of > 5 %. These so-called
progressors had higher mean HbAic and mean blood pressure over the five
years, and more developed proliferative retinopathy. Smoking was more
prevalent in those with persistent microalbuminuria.

In keeping with the above study, in the conventionally treated groups of
both the DCCT135 and the UK Microalbuminuria studies140, approximately
one third of initially microalbuminuric patients reverted to persistent nor-
moalbuminuria, half remained microalbuminuric and one sixth developed
proteinuria. Microalbuminuric IDDM patients with duration of diabetes
> 15 years also appear to be at lower risk of progression to proteinuria141.
In all of these more recent studies, general improvements in diabetes care,
particularly in glycaemic and blood pressure control, may have led to this
apparent decline in the rate of progression of microalbuminuria.

Non-insulin-dependent diabetes

As in IDDM, albumin excretion is elevated at presentation of NIDDM27'129"
132,142-146 j n m o s t patients, the increase is minimal and albumin excretion
remains within the non-diabetic reference range27'130'142. However, approxi-
mately 20-30 % of patients have albumin excretion rates outwith the normal
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range27'129'132. At diagnosis of NIDDM, albumin excretion correlates with
age, smoking, systolic blood pressure, HbAlc, serum triglyceride levels and
the presence of peripheral vascular disease132'142'145.

With control of glycaemia by diet or diet and oral hypoglycaemic agents,
albumin excretion falls in the majority of patients, whether initially 'normoal-
buminuric', microalbuminuric or proteinuric27'130'131'142"144'146. However, in
a proportion of patients with microalbuminuria at presentation, albumin
excretion remains abnormal. Patrick and colleagues27 followed for one
year from diagnosis 39 NIDDM patients who had an initial albumin:creati-
nine ratio > 2.5 mg/mmol. In ten patients, the albuminxreatinine ratio fell to
< 2.5 mg/mmol as blood glucose control improved: these patients had sig-
nificantly higher glycated haemoglobin values at presentation than the 21
with persistent microalbuminuria. Martin and colleagues131 followed 20
newly diagnosed NIDDM patients for two years. At diagnosis, eight patients
had AER in timed overnight collection > 15 ug/min, with six of these > 30
Hg/min. By two months, only three patients had AER > 30 ng/min, with one
additional patient > 15 |a,g/min. At two years, one microalbuminuric patient
had died from cerebrovascular disease and only two patients remained
microalbuminuric. No patient who had AER < 15 |ig/min at diagnosis devel-
oped microalbuminuria in the two-year follow-up. Several other small studies
have confirmed persistence of microalbuminuria from diagnosis in
NIDDM129'143. In one study, male patients with AER >35 mg/24 h at
diagnosis had significantly lower creatinine clearance than patients with
AER < 35 mg/24 h129.

All of this work suggests that, at presentation of NIDDM, microalbumi-
nuria may reflect functional abnormalities related to hyperglycaemia and be
reversible in the majority of patients. However, in others, microalbuminuria
may represent established, irreversible structural renal changes and thus may
persist even after good glycaemic control is achieved.

The rate of progression from normal albumin excretion to microalbumi-
nuria and from microalbuminuria to proteinuria in NIDDM appears to be at
least as fast as in IDDM. In a three-year follow-up study of NIDDM
patients, 16 % with initial urinary albumin concentration < 15 mg/1 devel-
oped micro- or macroalbuminuria (albumin concentration > 30 mg/1)26,
whilst in 55 % of those with initial albumin concentration 15-30 mg/1, the
albumin concentration rose > 30 mg/1, despite the fact that blood glucose
and lipid control improved over the follow-up period. In those who pro-
gressed, final but not initial systolic blood pressure, serum triglycerides and
C-peptide were higher than in those patients in whom the albumin concen-
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tration remained < 15 mg/1. Microalbuminuric patients also had higher pre-
valence of peripheral vascular disease and carotid artery stenosis.

In a five-year follow-up study from diagnosis, less than half of those
patients with microalbuminuria at diagnosis still had microalbuminuria
after five years147. Approximately one third of patients progressed from
normal to abnormal albumin excretion. The follow-up HbAi level was higher
in those who had progressed to microalbuminuria than in those with persis-
tent normoalbuminuria, and both baseline and five-year fasting serum insulin
levels were closely related to the follow-up AER. In a small study over 3.4
years, 24 normoalbuminuric and 13 microalbuminuric patients, with similar
baseline characteristics apart from the AER, were studied148. There was a
small but significant increase in AER, from a geometric mean of 6.8 to 11.4
Hg/min in the normoalbuminuric group, with 9 patients developing micro-
albuminuria. The only parameter found to be related to changes in AER was
systolic blood pressure, the mean of the baseline and follow-up AER corre-
lating to the mean systolic blood pressure. The mean rate of fall of GFR was
around 1.4 ml/min/1.73 m2, although there was wide inter-individual varia-
tion. The rate of decline observed in this study does not seem to be much
different from that reported in non-diabetic individuals of similar age149. The
fall rate in GFR also correlated to initial and mean systolic blood pressure.

In a large study of Indian patients with NIDDM, albumin excretion was
measured yearly, and expressed as the mean of two 24-h collections150. After
five years, 241 of the initial 349 patients with normal albumin excretion were
available for follow-up; 169 were still normoalbuminuric, whilst 62 had
developed microalbuminuria and 10 macroproteinuria. The baseline AER
was significantly higher in those who progressed (8.5 ± 6 versus 5.3 ± 4
Hg/min), and more had hypertension at baseline. A significant increase in
systolic blood pressure was seen in those who progressed from normo- to
micro-albuminuria. Of the 62 patients with baseline microalbuminuria, 23
developed macroproteinuria, 29 remained microalbuminuric and 9 became
normoalbuminuric.

In the Pima Indians, a group of 456 normoalbuminuric (albumin:creati-
nine ratio < 30 mg/g; < 2.73 mg/mmol) NIDDM subjects have been followed
for a maximum of 11.6 (median 4.7) years151; 192 developed elevated albumin
excretion, with 172 of these being microalbuminuric (albuminxreatinine ratio
30-299 mg/g; 2.73-272 mg/mmol). The cumulative incidence of abnormal
albumin excretion was 17 % after five years. The appearance of high albumin
excretion was associated with the development of retinopathy, type of dia-
betes treatment, longer duration of diabetes, lower body mass index and
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higher values of mean arterial pressure, HbAi, and fasting and 2-h plasma
glucose concentration at baseline.

Factors related to the development and progression of
microalbuminuria

The demonstration above that even at the very early stages of microalbumi-
nuria there are small but distinct differences particularly in glycaemic control,
blood pressure and blood lipid levels compared with normoalbuminuric sub-
jects, has suggested that these abnormalities may not be secondary to
advanced renal disease as had previously been thought, but may be highly
important in the initiation and progression of early diabetic kidney disease.
Obviously, once the process has begun, a self-fuelling circle is created with,
for example, rising blood pressure accelerating the progression of renal dis-
ease which leads to further elevation of the blood pressure.

Glycaemic control

The evidence that hyperglycaemia is important in progression from normoal-
buminuria to microalbuminuria has come mainly from the cross-sectional
and retrospective studies described above. One prospective, longitudinal
study followed IDDM patients who had an initial overnight AER < 30
Hg/min for seven years134. Glycated haemoglobin levels were higher at base-
line and throughout the study in those in whom the AER rose. In a further
prospective study over a mean of 2.1 years, a significant relationship was
demonstrated between change in AER at low levels of albumin excretion and
glycated haemoglobin levels137. In those patients with AER initially in the
'borderline' area 7.6-30.0 ng/min, the mean glycated haemoglobin value in
the year preceding the final AER measurement was lowest in those who
regressed from borderline to normoalbuminuria, intermediate in those who
remained in the borderline area and highest in those who progressed from
borderline to frank microalbuminuria. A third, large study of 209 initially
normoalbuminuric IDDM patients found that initial AER and glycated hae-
moglobin levels were independently related to the final AER measured about
5 years later16.

In one careful, longitudinal study, 156 children with IDDM were followed
up from diagnosis for up to 15 years152. Albumin excretion and glycated
haemoglobin were measured three monthly from diagnosis and arterial
blood pressure three monthly after five years of diabetes. Persistent micro-
albuminuria developed in 17 children, giving a cumulative incidence of 24.2 %
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at 15 years. Eleven patients developed microalbuminuria after five years'
duration and in these patients the five year mean glycated haemoglobin was
the only factor which independently predicted the development of microalbu-
minuria. In those children who developed microalbuminuria within five years
of onset of diabetes, glycated haemoglobin did not influence the transition.

All of these studies suggest that at levels of albumin excretion which are
below the consensus definition of 20 ug/min, glycaemic control is important
in determining which patients develop frank microalbuminuria.

Once microalbuminuria is present, one study has demonstrated that the
rate of change of AER correlates with HbAic, the AER in patients with
HbAic <7.0 % being likely to stabilise rather than increase153. However,
in other studies140, the importance of glycaemic control in the progression of
microalbuminuria appears less strong and is outweighed by the effects of
blood pressure.

Blood pressure

There has been much debate as to whether blood pressure is elevated before
the development of microalbuminuria. As discussed above, most studies have
shown that microalbuminuric patients have systolic and diastolic blood pres-
sure levels higher than their normoalbuminuric peers, although the numeric
differences are small. Few prospective, longitudinal studies have been suffi-
ciently detailed to dissect out the relative time course of the development of
microalbuminuria and raised blood pressure. In a careful study of 209 initi-
ally normoalbuminuric (24-h AER < 30 ug/min) IDDM patients over five
years, Mathiesen and coworkers16 demonstrated that a significant rise in
blood pressure occurred in the third year after the AER had risen into the
microalbuminuric range. However, this study may be criticised on the
grounds that blood pressure was only measured once per year in the out-
patient clinic by several observers, whilst AER was quantified three times a
year. Thus subtle changes in blood pressure, such as may have been observed
by 24-h monitoring, may have been missed. A similar study has shown that
IDDM patients with AER 10-30 ug/min will progress in seven years to true
microalbuminuria (AER > 30 ug/min), and that their systolic blood pressure
is higher at baseline than in those with initial AER < 10 ug/min134, suggest-
ing that blood pressure may rise before the development of microalbumi-
nuria. In a third, less rigorous, study over a mean of 6.6 years, the
relationship of 'high normal' blood pressure (> 90th centile for age) to the
development of microalbuminuria was assessed154. Of 60 patients who devel-
oped microalbuminuria (overnight AER > 30 ug/min) during the study, the
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blood pressure rose before microalbuminuria developed in 26, microalbumi-
nuria appeared before borderline hypertension in 27 and in 7 microalbumi-
nuria and borderline hypertension appeared together or the data was
insufficient to interpret. Overall, it would appear that increases in systemic
blood pressure are very closely linked to rises in albumin excretion and may
precede a rise in AER.

The role of blood pressure in the progression of microalbuminuria to
proteinuria has also been studied. In a small study of 10 microalbuminuric
(AER > 15 |ag/min in a short-term collection) IDDM men followed for a
mean of 4.9 years, systolic and diastolic blood pressures were both elevated at
baseline compared to matched normoalbuminuric patients1 . However, a
further significant increase in diastolic blood pressure was only seen in
those microalbuminuric patients followed for more than four years. In the
UK Microalbuminuria Collaborative Study140, a mean arterial blood pres-
sure above the group mean (93.6 mmHg) predicted progression to clinical
proteinuria (relative risk 4.2, 95% CI 1.3-13.0; Fig. 4.9). In NIDDM, the rate
of change of AER is related to systolic blood pressure148.

Lipids

Numerous cross-sectional studies described above have demonstrated an
excess of dyslipidaemias in microalbuminuric diabetic patients, as discussed
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fully in Chapter 6. It has been suggested that dyslipidaemias may be impor-
tant in the initiation and progression of renal disease rather than a conse-
quence of kidney damage. However, there is little direct evidence to support
this hypothesis in diabetic nephropathy. In a five year follow-up of 113
NIDDM patients, serum lipid profiles were similar at baseline in normoal-
buminuric and microalbuminuric subjects155. However, after five years, sig-
nificant increases in VLDL-cholesterol and VLDL- and LDL-triglyceride
levels, and a decrease in HDL-cholesterol, were seen in the microalbuminuric
subjects, suggesting that microalbuminuria predates and predicts the devel-
opment of dyslipidaemia.

Initial AER

Several large, longitudinal studies have demonstrated that in the progression
of normoalbuminuria to microalbuminuria, the initial AER is an important
independent determinant of the final AER16'134. The level of albumin excre-
tion also appears to be an important determinant in progression of micro-
albuminuria to clinical proteinuria, the risk of progression being greatest if
AER > 70 ug/min14.

Smoking

Smoking does seem to accelerate the rate of progression of microalbuminuria
and proteinuria156'157. In a rather complex study of hypertensive IDDM
patients with microalbuminuria or proteinuria, Sawicki and colleagues156

found that progression was less common in non-smokers than in smokers
or ex-smokers. Cigarette pack years was an independent risk factor for pro-
gression, along with 24-h sodium excretion and glycated haemoglobin.

Albumin excretion and pregnancy in diabetes

The physiological changes in albumin excretion in normal pregnancy are
discussed in Chapters 1 and 7. Few studies have examined the effect of
pregnancy on albumin excretion in diabetic women. In one study of 30
IDDM women with initially normal AER, albumin excretion rose non-sig-
nificantly in the first and second trimesters, but increased 3.8 fold to a mean
of 43.7 ug/min in the third trimester158. However, by 12 weeks after delivery,
AER had returned to pre-pregnancy levels. McCance and colleagues159 also
reported an increase in albumin excretion in normoalbuminuric IDDM and
non-diabetic women during the third trimester, the excretion rates in the
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diabetic women being higher than in the non-diabetic control subjects from
36 weeks onwards. In both groups, the peak AER occurred one week post-
partum, but by 12 weeks excretion rates in both groups had returned to pre-
pregnancy values. In 12 women with pre-existing microalbuminuria, the pat-
tern of increase in AER appears to be an exaggeration of the increase in non-
diabetic and normoalbuminuric IDDM women158 (Fig. 4.10): the peak rise in
excretion rate is seen in the third trimester, AER increasing from a mean
of 63.2 ug/min before conception to 482 ug/min in the third trimester.
Again, values return to pre-pregnancy levels within 12 weeks post-partum.
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The physiological increase in creatinine clearance was observed in the micro-
albuminuric women. In this small series, 4 of 12 women with pre-existing
microalbuminuria developed transient nephrotic syndrome (protein excretion
> 3 g/24 h), although nephrotic syndrome has also been reported in IDDM
women with initially normal AER160. Thus pregnancy does not appear to
cause a permanent increase in urinary albumin excretion. Although the
reported series have been small, there is also no suggestion that the outcome
for the fetus of a mother with microalbuminuria but preserved glomerular
filtration is any different to that of a fetus of a normoalbuminuric mother.
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Notes added in proof

Genetic factors

An important prospective study of 159 normoalbuminuric IDDM subjects
with over five years' follow-up found that the 79 with consistently higher
levels of erythrocyte sodium-lithium counter-transport activity (SLC) had a
much greater incidence (p < 0.01) of microalbuminuria (22.3%), in compar-
ison with those with lower SLC (5.2%).
Monciotti CG, Semplicini A, Morocutti A, Maioli M, Cipollina MR, Barzon I, et al.

Elevated sodium-lithium countertransport activity in erythrocytes is predictive
of the development of microalbuminuria in IDDM. Diabetologia 1997; 40:
654-661.

A recent meta-analysis of 4773 diabetic subjects from 18 studies shows that
insertion-deletion polymorphism of the gene for angiotensin I-converting
enzyme significantly increases the risk of nephropathy (but not retinopathy)
in both NIDDM and IDDM.
Fujisawa T, Ikegami H, Kawaguchi Y, Hamada Y, Ueda H, Shintani M, et al. Meta-

analysis of association of insertion/deletion polymorphism of angiotensin I-
converting enzyme with diabetic nephropathy and retinopathy. Diabetologia
1998; 41: 47-53.

A nested case-control study suggests that polymorphism of the angiotensin II
type 1 receptor gene can interact with an index of severe hyperglycaemia over
the first decade of IDDM to increase the relative risk of nephropathy twelve-
fold.
Doria A, Onuma T, Warram JH, Krolewski AS. Synergistic effect of angiotensin II

type 1 receptor genotype and poor glycaemic control on risk of nephropathy in
IDDM. Diabetologia, 1997; 40: 1293-1299.



Microalbuminuria as a marker of endothelial
dysfunction

The relationship between microalbuminuria and cardiovascular disease will
be dealt with at length in Chapter 6, but one compelling view is that glomer-
ular dysfunction leading to microalbuminuria may reflect a more widespread
dysfunction of all vascular endothelium. Before discussing the evidence for,
and the difficulties with this hypothesis, it is important to consider the intri-
cate nature of normal vascular endothelial cell function.

The vascular endothelium may be regarded as a complex regulatory
'organ system' with endocrine, paracrine and autocrine function. It is
closely integrated with underlying structures, which themselves may vary
in their composition and function in different organ systems, for example
between the retina and the glomerulus. This concept of local variation in
function is further demonstrated by experimental evidence of endothelial
function operating within a 'microenvironment', by which focal regulatory
function in response to a given stimulus takes place within a limited area of
the vascular bed. This immediately highlights the difficulty of extrapolating
information on endothelial function from, for example, the systemic to the
coronary, or from the venous to the arterial circulation, or from large
arteries to arterioles.

Furthermore endothelial function differs between the venous and arterial
components of the circulation, and drawing parallels between in vitro and in
vivo findings may be quite inappropriate. Many in vivo studies to date have
been cross-sectional in nature, and thus have been limited in their ability to
define pathophysiology. There are other imponderables such as gender var-
iation in endothelial function, and awareness that basal endothelial tone may
not reflect local responsiveness to various stimuli. Of additional importance
is the impact of the many abnormalities in the circulating constituents (dis-
cussed in Chapter 6). Drugs such as oral contraceptives seem to reprogramme
the level at which procoagulatory and fibrinolytic balance is set1. Current
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Table 5.1. Endothelial cell constituents and functions

Vasomotor tone
Nitric oxide (endothelium-derived relaxing factor)
Endothelin-1
Angiotensin-converting enzyme
Coagulation andfibrinolysis
Prostacyclin (PGI2)
Thromboxanes
von Willebrand factor
Thrombomodulin
Tissues plasminogen activator (tPA)
Plasminogen activator inhibitor (PAI-1)
Fibronectin
Growth and repair of endothelium and underlying tissues
Platelet-derived growth factor (PDGF)
Fibroblast growth factor (FGF)
Transforming growth factor-p (TGF-(3)
Insulin-like growth factor 1 (IGF-1)
Permeability
Transcapillary escape of albumin and fibrinogen
?Microalbuminuria

knowledge of normal endothelial function in the intact human is therefore
incomplete.

Accepting these limitations, the vascular endothelium serves four major
regulatory functions (Table 5.1), which are best reviewed with reference to
the relationship to surrounding structures and circulating components (Fig.
5.1).

Vasomotor tone

The main area of interest is the impact of endothelial function in arteries and
precapillary resistance vessels as, here, altered function has most relevance to
the putative link between glomerular and atherosclerotic disease. In the rest-
ing state it is thought that normal basal tone is predominantly vasodilatory.
The key substance implicated in larger vessel function is endothelial derived
relaxing factor (EDRF), which is now known to be nitric oxide. This is
produced by endothelial cells following stimulation of muscarinic receptors,
although the receptors are also responsive to other substances such as hista-
mine, thrombin and platelet derived growth factor2. Non-muscarinic triggers
are important as acetylcholine does not circulate in vivo. In view of the very
short half life of EDRF (6 seconds), it essentially has a paracrine function.
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Fig. 5.1. The relationship of the endothelium to the surrounding structures.

EDRF is formed from L-arginine (Fig. 5.2) and acts on underlying smooth
muscle by elevating cyclic GMP (Fig. 5.3). In addition to this action, EDRF
also has antiproliferative effects (e.g. on mesangial cells), and inhibits platelet
adhesion and aggregation, acting in synergy with prostacyclin {vide infra).
Haemoglobin and free radicals such as superoxide can inactivate EDRF, but
this may be partially offset by the action of superoxide dismutase.

More recently, an endothelial derived hyperpolarising factor (EDHF) has
been reported. This is distinct from EDRF in that it relaxes smooth muscles
by opening potassium channels, without activation of cGMP. In contrast to
EDRF, EDHF may exert more influence on arterioles3.

The endothelins are a group of substances with vasoconstrictor activity.
They are a good example of a family of vasoactive substances which are
produced not only by endothelial cells, but by other cell types, for example
mesangial cells in the kidney. The predominant molecule is ET-1, which is
proteolytically activated in the endothelium from 'big Endothelin', and has
potent paracrine effects (Fig. 5.3). Whether or not circulating ET-1 has any
endocrine role is not yet clear, but in vitro it is the most potent pressor agent
yet described, some ten times as powerful as angiotensin II. In addition to
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Fig. 5.2. The formation of nitric oxide (endothelium-derived relaxing factor)
from L-arginine. A terminal guanidino nitrogen of L-arginine is
transformed into nitric oxide by an oxidation pathway requiring
the co-factors NADPH, tetrahydrobiopterin and calmodulin.
Nitric oxide stimulates guanylate cyclase in the same cell or in a
target cell, which converts guanosine triphosphate (GTP) into cyclic
guanosine monophosphate (cGMP), thus causing the concentration
of cGMP to rise. The conversion of L-arginine to nitric oxide is
inhibited by the arginine antagonists A^-monomethyl-L-arginine
(MeArg) or Nw- nitro-L-arginine (NO2Arg).

its effect on local vascular tone, ET-1 may regulate intra-renal blood
flow, mesangial and other cell growth, and stimulate mRNA involved in
expression of collagen and laminin (vide infra). As a potent hypertensive
agent, it normally remains in balance with EDRF, which limits its activity.
ET-1 acts through activation of phospholipase C, with the subsequent release
of diacylglycerol and inositol trisphosphate, and activation of protein kinase
C4. Expression of ET-1 is regulated at the level of gene transcription, and
induced by stimuli such as thrombin, aldosterone, catecholamines, interleu-
kin-1, angiotensin II, transforming growth factor B (TGFP) and vasopressin.

The vasoconstrictor angiotensin II is activated within endothelial cells by
the action of angiotensin converting enzyme (ACE). The activity of the
enzyme varies in different endothelial beds, being particularly high in the
glomerulus, and is further subject to genetic variation.

Coagulation and fibrinolytic factors

The endothelium is crucially implicated in the fine balance of intra-vascular
coagulation and fibrinolysis, through the production of many substances
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Fig. 5.3. Endothelium dilating and contracting factors. Nitric oxide (NO) is
a short-acting gas produced by endothelial nitric oxide synthase
from endogenous arginine. It diffuses into the underlying vascular
smooth muscle cells where it stimulates guanylate cyclase to pro-
duce cyclic GMP. Endothelin is a long-acting and powerful vaso-
constrictor which acts on a cell surface receptor causing increased
calcium release within the muscle cell. Reproduced from reference
44 with permission.

which respond within the localised microenvironment to allow repair and
turnover of the endothelium. This enables the 'response to injury' (haemo-
dynamic or toxic) to be measured and localised, and, when uncontrolled, is
hypothesised to be the initiating factor in atherosclerosis.

Many of the substances secreted by the endothelium have complex roles,
being involved not only in haemostatic balance, but also in vascular tone and
growth.

Prostacyclin (PGI2) is an eicosanoid, the principal product of cyclo-oxyge-
nase action on arachidonic acid, and a powerful vasodilator through ablum-
inal smooth muscle relaxation. Its biosynthetic pathway and balance with
thromboxane is shown in Fig. 5.4. PGI2 also inhibits platelet aggregation,
reduces platelet derived growth factor (PDGF) production from both plate-
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Fig. 5.4. The metabolism of arachidonic acid and eicosapentaenoic acid in
endothelial cells. Prostacyclin and thromboxane A2 are formed
from arachidonic acid, with the endoperoxides and prostaglandins
G2 and H2 as intermediates. They are unstable and break down into
the stable and less active 6-keto-prostaglandin Fi and thromboxane
B2. Glucocorticoids, by inhibiting phospholipase A2, and aspirin-
like drugs, by inhibiting cyclooxygenase, reduce the synthesis of
prostacyclin and thromboxane A2. High concentrations of lipid
peroxides inhibit prostacyclin synthase, whereas the thromboxane-
synthesis inhibitor dazoxiben prevents thromboxane formation and
shunts endoperoxidases, thus increasing prostacyclin production.
15-Lipoxygenase metabolises arachidonic acid to 15-s-hydroperoxy-
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acid. Eicospentaenoic acid is transformed by cyclooxygenase into
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lets and endothelial cells and blocks glycoprotein receptors for fibrinogen and
von Willebrand factor. It exerts mainly paracrine effects by inhibiting vas-
cular growth and smooth muscle cholesterol ester metabolism. It is generated
by a host of substances such as kinins, thrombin, serotonin, IL-1 and PDGF
itself. PGI2 has a sophisticated inter-relationship with the many endothelial
factors, operating with checks and counter-balances in order to maintain
homeostasis and prevent thrombosis or haemorrhage. In contrast to PGI2,
thromboxane B2 induces local platelet aggregation and vasoconstriction.

Thrombomodulin is a specific endothelial cell surface receptor which mod-
ulates the coagulation cascade. It acts as a co-factor in the thrombin-cata-
lysed activation of protein C (Fig. 5.5). Activated protein C is a natural
anticoagulant which inhibits coagulation factors V, VIII and platelet aggre-
gation, and enhances fibrinolysis. Whilst it can be detected in plasma, the
physiological and possible pathological significance of circulating thrombo-
modulin is not presently known.

Von Willebrand factor is a glycoprotein derived from the endothelium
which is part of the factor VIII complex, and which may serve a procoagu-
latory function. It may also stimulate platelet adhesion to exposed suben-
dothelium5. In contrast to many of the other endothelial products, raised
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Fig. 5.5. Endothelial thrombomodulin and the coagulation and anticoagu-
lation pathways. +: stimulation; -: inhibition.
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circulating vWF levels may indicate generalised endothelial dysfunction, and
itself promote haemostasis.

Both tissue plasminogen activator (tPA) and plasminogen activator inhi-
bitor (PAI-1) are endothelial derived components of the fibrinolytic process.
tPA is a serine protease whose concentration is the rate limiting step in
fibrinolysis (Fig. 5.6). It is resistant to denaturation and involved in PAI-1
production when bound to specific cell receptors, but when free in the circu-
lation is inactivated by PAI-1; thus it more clearly operates as a paracrine
substance. tPA gene expression is inhibited by fibroblast growth factor
(FGF), histamine and transforming growth factor p (TGFB). PAI-1 is pro-
duced by liver and endothelium, and stored in the a-granules of platelets.
Increased circulating concentrations may reflect endothelial damage, and
inhibit fibrinolysis.

Fibronectin is an endothelial a2-glycoprotein which in vitro and in vivo has
a role in reducing erythrocyte deformability, and in enhancing erythrocyte
and platelet adhesion to subendothelial collagen.

Growth factors

The vascular endothelium secretes a variety of growth factors although their
nomenclature makes it clear that they do not originate solely from endothe-
lial cells. These include platelet derived growth factor, fibroblast growth
factor, insulin-like growth factor 1 (IGF1) and transforming growth factor
p. Whilst they exert a paracrine effect on cell growth and repair, in turn
controlled by the aforementioned endothelial products, they also affect
underlying cell and supporting connective tissue structures.

endothelial
tPA

endothelial
-PAI-1

4, +
plasminogen > plasmin

fibrinogen •> fibrin • FDP's

Fig. 5.6. The fibrinolytic cascade. tPA: tissue plasminogen activator; PAI-1:
plasminogen activator inhibitor 1; FDP's: fibrin degradation pro-
ducts. +: stimulation; -: inhibition
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Endothelial permeability

Glomerular endothelium permeability was discussed in detail in Chapter 1.
The basis of the connection between renal dysfunction (suggested by micro-
albuminuria) and widespread vasculopathy is that a similar permeability to
macromolecules may take place in other vascular systems. Support for this
comes mainly from in vivo animal experimentation, but isotopic methods in
humans have suggested that in addition to retinal vascular permeability
(exemplified by exudative diabetic retinopathy), transcapillary escape of
albumin and fibrinogen takes place in healthy individuals.

Structure and function of the sub-endothelial structures

Permeability reflects not just endothelial function, but also that of the under-
lying basement membrane, a structure containing both collagenous and non-
collagenous glycoprotein components such as laminin PI. Structural changes
in these molecules account for the basement membrane thickening character-
istic of diabetic microangiopathy, and increased circulating concentrations of
these as well as endothelial derived substances may reflect extensive damage
to the endothelium-basement membrane complex.

Beyond the basement membrane, the extra-cellular matrix and mesenchy-
mal derived cells (mesangium and vascular smooth muscle) are in intimate
contact. One of the major components of the extracellular matrix are the
proteoglycans, macromolecules with glycosaminoglycan (GAG) side-chains,
which serve several functions. GAGs are also present on the basement mem-
brane and include heparan sulphate (HS) and chondroitin sulphate, which by
anionic charge maintain structural integrity and control basement membrane
and endothelial permeability. In addition they exert anti-proliferative, anti-
thombogenic and anti-lipaemic effects.

Sulphation of GAGs is a key factor in conferring activity, and this is
controlled by the enzyme N-deacetylase. Animal models have suggested
that genetic polymorphism in this enzyme may alter HS content and conse-
quently affect the efficient control of trans-vascular molecular passage6.
Enzyme activity may also be vulnerable to other influences such as hypergly-
caemia. In addition, glycated collagen turnover may be reduced and binding
of HS-PG to glycated collagen hindered7.

The cells of mesenchymal origin have contractile properties which deter-
mine vascular reactivity, and which are mediated by both oti and a2 adrener-
gic receptors. These may interact with other vasoactive factors such as
EDRF, and the relative influence of the two receptors may vary between
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different vascular beds. Evidence has recently suggested that oc2-adrenorecep-
tors may play a significant role in intraglomerular vasoconstriction8.

Endothelial dysfunction and microalbuminuria in disease

Before summarising the evidence that markers of endothelial function may be
linked to microalbuminuria and altered in certain conditions, the role of the
endothelium in atherosclerosis will be discussed. The 'response to injury'
hypothesis is supported by a wealth of in vitro and in vivo evidence, which
in essence suggests that non-specific endothelial damage leads to denudation,
exposure of underlying structures, and medial damage and dissection. The
many endothelial substances previously alluded to may then trigger athero-
sclerosis, through smooth muscle proliferation, fibroblast transformation to
foam cells, and a prothrombotic state. Certain factors may increase the
vulnerability of the underlying structures to transform and proliferate (vide
infra). Alternatively, endothelial defence mechanisms such as EDRF and
PGI2 may stabilise the lesions and allow re-endothelialisation to take place.

It appears that the degree of endothelial damage depends on the intensity
and duration of the injury. In later discussion of the impact of hypertension,
hyperglycaemia, smoking and hyperlipidaemia on endothelial function, there
may be the potential for either stabilisation or even reversal of those pro-
cesses which have led from endothelial dysfunction to established atheroma.

Within the endothelium, several regulatory proteins are encoded for by
genes with a single signalling pathway. Endothelial synthesis of adhesion
molecules such as intercellular adhesion molecule-1 (ICAM-1) and vascular
cell adhesion molecule-1 (VCAM-1), and vasoactive factors such as PAI-1,
may be upregulated in response to various leucocyte-derived stimuli, such as
superoxide and other free radicals, tumour necrosis factor-1 (TNF-1) and
interleukin-1 (IL-1). Effectively the phenotype of the endothelium can then
change from a basal state of vasodilation, anti-thrombosis, anti-proliferation
and impermeability, to one of vasoconstriction, inflammation, coagulation,
proliferation and permeability. The response to injury hypothesis suggests
that endothelial leakage of albumin through glomerular endothelial cells into
the urinary space is paralleled by increased permeability of athero-thrombo-
tic substances and leucocytes through larger vascular beds. Leucocytes inter-
act with endothelial receptors known as selectins and adhesion molecules
such as ICAM, and are then implicated in atherosclerosis. There is support-
ing evidence from animal models demonstrating that coronary permeability
is increased by the paracrine effects of ET-1, and antagonised by
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It will be evident from the initial discussion that the impact of dysfunction
of the endothelium and the subendothelial structures in human disease can
only be hinted at indirectly, usually by surrogate measures in cross-sectional
studies.

Blunted peripheral vasodilation in response to acetylcholine has been
demonstrated in essential hypertension, hypercholesterolaemia, smokers
and in homocysteinuria. In advanced atherosclerosis, paradoxical vasospasm
to such stimuli has been observed3.

In essential hypertension various markers have been examined in order to
further investigate these phenomena. Abnormal EDRF induced relaxation
has been reported9. Perhaps not unexpectedly, only a minority of studies
have documented increased serum ET-1 concentrations, and the pathological
relevance is unclear in that most ET-1 is released locally and abluminally, and
as yet there is no standardised assay. Most experimental studies would sug-
gest that any alteration of ET-1 is the consequence rather than the cause of
essential hypertension, since the abnormalities described appear reversible in
in vitro experimentation but not in vivo. There are no longitudinal studies of
EDRF or ET-1 and their relation to albuminuria in essential hypertension10.

Raised serum concentrations of other endothelial components such as
ACE and vWF have also been reported in essential hypertension.
Concentrations of vWF correlated with microalbuminuria and blood pres-
sure, but not with left ventricular mass or forearm vascular resistance"; the
significance is therefore uncertain, particularly as in another study vWF and
fibrinogen concentrations were increased in microalbuminuric hypertensive
subjects, but only increased body mass index was related to microalbumi-
nuria in multivariate analyses12. There was no increase in PAI-1 or the
thrombin-antithrombin complex, and obesity appeared to be the common
link between microalbuminuria and endothelial-derived haemostatic factors.
As yet there have been no direct comparisons of vWF and acetyl choline-
induced vasodilation in essential hypertensive subjects with and without
microalbuminuria.

As diabetes mellitus is associated with hypertension and dyslipidaemia,
often alongside smoking and hyperglycaemia, this combination of factors
might be most likely to result in objective evidence of endothelial and vas-
cular dysfunction. This should be most apparent amongst microalbuminuric
diabetic subjects, if, as hypothesised, excessive glomerular albumin loss is a
reflection of a widespread loss of vascular integrity, since these vascular risk
factors often co-aggregate in these patients (vide infra)13'14.

Synthesis of EDRF is inhibited by N-monomethyl-L-arginine (NMMA),
and the acute forearm vasoconstrictor response to NMMA infusion has been
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evaluated as an indirect estimate of generalised EDRF synthesis and func-
tion. Under euglycaemic conditions in IDDM, basal and nitroprusside-
induced and carbachol-induced vasodilatory responses were similar in con-
trol and diabetic subjects with and without microalbuminuria, but NMMA
did not reduce the vasodilator response in microalbuminuric subjects15. As
nitroprusside breaks down spontaneously to EDRF, the conclusion of this
rather complex series of studies was that microalbuminuric IDDM subjects
have reduced EDRF (nitric oxide) synthesis.

The impact of chronic hyperglycaemia on EDRF has been suggested by
elegant in vitro studies where advanced glycation products accumulated on
basement membrane collagen, then inactivated EDRF, and enhanced aortic
smooth muscle and renal mesangial cell proliferation16. Serum concentra-
tions of the basement membrane component laminin PI are not increased
in microalbuminuric diabetic subjects, whereas they are increased in diabetes
complicated by macroalbuminuria or renal failure17.

Altered EDRF activity may in turn influence catecholamine-induced vas-
cular reactivity in the dorsal hand veins of microalbuminuric IDDM patients.
A series of experiments by Bodmer and colleagues established that vascular
reactivity to noradrenaline and clonidine was exaggerated in microalbumin-
uric IDDM patients, but that the response to phenylephrine was comparable
amongst patients with and without microalbuminuria. This was associated
with asymptomatic peripheral nerve dysfunction, but not with central cardi-
ovascular autonomic dysfunction18'19. It was suggested that peripheral auto-
nomic dysfunction of pre-synaptic inhibitory a2-adrenoreceptors could
account for this, since noradrenaline acts on both pre- (vasodilator) and
post-synaptic (vasoconstrictor) a2-adrenoreceptors, as well as post-synaptic
(vasoconstrictor) oti-adrenoreceptors, whereas phenylephrine specifically sti-
mulates post-synaptic a [-vasoconstrictor receptors, and clonidine is a selec-
tive o^-vasoconstrictor agonist8.

Smoking appears to attenuate the enhanced vasoconstrictor responses just
described, perhaps by inducing catecholamine surges and receptor down-
regulation20.

As mentioned earlier, ET-1 is a potent vasoconstrictor, but it is not clear
whether it exerts more than local paracrine effects. Serum and urine concen-
trations have been examined in several cross-sectional studies in diabetic
subjects with conflicting results, partly through differing methodology for
ET-1 measurement. Certain assays will cross-react with other endothelins,
particularly the larger inactive precursor. Thus, higher concentrations have
been observed in comparison to normoglycaemic controls in some but not
all studies22. Although it might be conceivable that metabolic control and
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blood pressure could affect ET-1 levels, several studies have found no asso-
ciation21"24. A similar lack of consensus is apparent in diabetic patients with
complications. Raised ET-1 levels have been recorded in advanced athero-
slerosis in normoglycaemic subjects25, but not in relation to more modest
degrees of angiopathy in diabetes21'22. The relationship between microalbu-
minuria and ET-1 is also unclear, with a modest association in one small
study in IDDM23, no relationship in others in NIDDM21'22, but the sugges-
tion that both serum and urine ET-1 concentrations are elevated in macro-
albuminuric subjects. The overriding impression is that abnormal ET-1 is a
late marker of major vascular or renal damage, and is unlikely to play an
important aetiological role in hypertension, nephropathy or atherosclerosis.

Adhesion molecules such as ICAM and VCAM may be increased in dia-
betes, but as with ET-1 appear unrelated to possible influencing factors such
as hyperglycaemia and microalbuminuria26. The co-factor thrombomodulin
appears to have a local anticoagulant function. A sole report27 of progres-
sively increasing thrombomodulin concentrations in NIDDM between
normo-, micro- and macroalbuminuric subjects, suggests it to be a rather
insensitive marker of established small vessel disease, whose secretion may
be partly compensatory. Alternatively delayed renal clearance of thrombo-
modulin could have accounted for the findings.

Although increased circulating levels of vasoactive substances implies
endothelial disease, and the molecules themselves may further this process,
documented increased transcapillary escape of macromolecules more clearly
demonstrates endothelial dysfunction, and supports the notion that micro-
albuminuria is but one manifestation of this process.

Increased transcapillary escape (TER) of both albumin and fibrinogen has
been documented in microalbuminuric IDDM patients, NIDDM subjects
and also in elderly non-diabetic smokers28"31. The methodology involved
radio-isotopic labelling and reinfusion of labelled molecules, and may be
relatively insensitive32. The impact of hypertension, hyperglycaemia and age-
ing on increased TER is disputed: thus in one study whilst TER was greater
in microalbuminuric IDDM subjects regardless of hypertension, it was
apparently no different in healthy controls and normoalbuminuric normo-
glycaemic subjects with moderate essential hypertension33. Another report34

suggested that severe essential hypertension (diastolic blood pressure > 120
mmHg) did lead to an increased TER of albumin. Non-enzymatic glycation
of albumin seems to have a minimal impact in vivo on TER, if anything
reducing it35'36. The interpretation of these data is that as with so many of
the other markers, alterations of TER seem to parallel rather than determine
the development of microalbuminuria.
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Urinary excretion of chondroitin sulphate (CS) and GAGs has been eval-
uated in diabetic patients, with the objective of suggesting a role in vivo for
the sub-endothelial extra-cellular matrix in nephropathy and atherosclero-
sis37. Significant univariate correlations were recorded between excretion of
CS and GAGs and both total and LDL cholesterol, particularly in micro-
albuminuric and hypercholesterolaemic subjects. There was no correlation
between microalbuminuria and CS or GAGs in this report. Therefore, a
reasonable conclusion from this cross-sectional data would be that altered
excretion of these molecules appears a late secondary phenomenon of renal
and vascular disease processes, rather than an early feature of an inherent
abnormality in those predisposed to microalbuminuria.

The most consistent and well documented abnormality of endothelial func-
tion associated with microalbuminuria is raised circulating concentrations of
von Willebrand factor. This was first reported by Jensen31 in 1989 in micro-
albuminuric IDDM patients, and has subsequently been confirmed in micro-
albuminuric NIDDM and essential hypertensive subjects"'38'39. However,
the most important reports are longitudinal studies which have evaluated
the impact of basal vWF on subsequent nephropathy and cardiovascular
disease, taking account of other integral factors such as albuminuria and
lipoproteins.

The studies which have evaluated vWF have relied on immunological
assays which detect vWF antigen, and express vWF as a percentage of values
in 'normal pooled plasma' (usual reference range 50-150 %). This will not
necessarily reflect true functional activity, and there are precedents of immu-
nologically active, but biologically inactive, molecules whose importance may
be overstated. It is not clear at present whether vWF concentrations give a
reliable quantitative as opposed to qualitative measure of endothelial
damage, or whether concentrations reflect the degree (i.e. marked triple vessel
coronary artery disease) or the extent (e.g. widespread mild atherosclerosis)
of atherosclerotic disease. vWF also has a significant diurnal variation of at
least 10 %, and is susceptible to elevations through the use of a tourniquet
during venepuncture. Finally, the several reports have used RIA, ELISA or
immunoelectrophoretic methods. Thus, without standardisation it is difficult
to make comparisons between studies.

Notwithstanding these considerations, vWF has clearly been correlated
with blood pressure, blood glucose and albuminuria in diabetic subjects. In
the most important study to date, the relationship between microalbuminuria
and vWF was put into perspective. Stehouwer and colleagues40 studied 94
subjects with NIDDM, of whom 66 had normoalbuminuria and 28 micro-
albuminuria at entry to the study. The average duration of follow up was 36-
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41 months, during which time albumin excretion became abnormal in 33 (50
%) of those who originally were normoalbuminuric. In those who remained
normoalbuminuric, vWF remained stable, but it rose amongst those who
became microalbuminuric (where activity almost doubled), and also amongst
those who initially were microalbuminuric. Most importantly, an increased
risk of fatal and non-fatal cardiovascular events was only seen amongst
microalbuminuric subjects where vWF activity initially was greater than
133 %. The relative risk of new cardiovascular events was highest (relative
risk 5.7) when there was a past history of cardiovascular disease. The cardi-
ovascular risk from microalbuminuria was further independently modified by
low HDL cholesterol (< 1.1 mmol/1).

Thus, the presence of several markers together greatly magnified the risk of
coronary heart disease. There are several important caveats in interpretation
of the data. An earlier study demonstrated similar vWF concentrations in
microalbuminuric and macroalbuminuric subjects5, and the incidence of cor-
onary heart disease is much greater amongst macroalbuminuric subjects, so
in this sense the raised vWF only acts as a qualitative categorical risk marker.
Changing activity of the order of 50-100 % was observed in persistently
normoalbuminuric subjects in the longitudinal study, and the significance
of this is uncertain in isolation. In addition other markers of endothelial/
haemostatic dysfunction, such as factor VIII antigen, did not appear to
parallel vWF in the longitudinal study which predicted macroproteinuric
diabetic nephropathy40.

It would appear that the role of vWF (and HDL) is to magnify and better
categorise the risk attributable to microalbuminuria. This is clearly vital if
reproduced in other studies as it may enable proper early targeting for inter-
vention with ACE inhibitors, aspirin and lipid-lowering therapy.

Aspects of treatment of microalbuminuria will be covered in detail in
Chapter 8, but with regard to microalbuminuria as a marker of widespread
endothelial dysfunction it is understood that standard antihypertensive ther-
apy and specific ACE inhibitor therapy will influence this as well as vascular
resistance. Other strategies have been examined more recently, including
subcutaneous unfractionated and low molecular heparin therapy twice
daily in microalbuminuric IDDM patients. After three months, albuminuria
fell in comparison to those given placebo saline injections41. Increased synth-
esis and sulphation of heparan sulphate proteoglycan, lipolytic and anti-
thrombotic action may all be implicated, and further research in this area
is clearly necessary.

Other experimental strategies have suggested that albuminuria may be
reduced by infused sulodexide (a synthetic glycosaminoglycan)42 or by the
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somatostatin analogue octreotide, which also may reduce markers of
endothelial dysfunction such as vWF43. Twenty first century strategies such
as genetic modification of endothelial proteins with recombinant viral DNA
may also be feasible at an early stage of subclinical disease.

Despite the many difficulties involved in '/« vivo' evaluation of the inter-
action between microalbuminuria and endothelial dysfunction in the intact
human, a longitudinal interventional study of microalbuminuric diabetic and
essential hypertensive subjects with and without raised vWF levels, should be
feasible. Prior to that, many other questions need to be addressed. These
include whether or not the measurement of other endothelial markers along-
side vWF (e.g. PAI-1 and ACE) confers any extra risk (additive or synergis-
tic) or no extra risk, and whether the several markers exert an 'all-or-none',
or graded influence on vascular risk.

Longer-term data on reproducibility of endothelial markers is important,
particularly in determining whether 'acute phase' transient responses may
have longer-term pathogenetic implications.
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Microalbuminuria, cardiovascular risk factors
and cardiovascular disease

The relationship between microalbuminuria and cardiovascular disease
(CVD) was first noted in NIDDM, but has since been documented in
IDDM and non-diabetic populations. The exact nature of the association
is not fully resolved, but at least three major factors are of importance.

(1) The observation that microalbuminuria is often manifest in subjects
who also have other features which, in their own right, put them at risk of
atherosclerotic vascular disease.

(2) The attractive hypothesis that microalbuminuria reflects generalised
loss of endothelial integrity, affecting not only glomerular capillaries, but
also arterial and arteriolar intimal function, thereby promoting transvascular
escape of atherogenic molecules.

(3) The suggestion that in many cases, microalbuminuria is simply the
consequence of established cardiovascular disease.

These three concepts are by no means mutually exclusive, and together
may well explain why the development of microalbuminuria carries such a
poor long-term prognosis. The hypothesis that microalbuminuria is a
marker of generalised endothelial dysfunction has already been discussed
in Chapter 5.

The present chapter will focus on the interaction between microalbumi-
nuria, cardiovascular risk factors, and atherosclerotic and non-atherosclero-
tic cardiovascular disease. These will be discussed in diabetic and non-
diabetic subjects. One important practical point is that microalbuminuria
and several other vascular risk factors often cluster within individuals,
more particularly amongst those with diabetes mellitus. This pattern magni-
fies considerably the likelihood of cardiovascular morbidity and mortality,
even though the absolute levels of the various factors are often only modestly
disturbed.

116
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In this situation microalbuminuria appears to exert a synergistic effect. The
additional impact of diabetes is to double the attributable risk of other
cardiovascular risk factors, by accelerating the course of early atherosclero-
sis, as opposed to directly initiating it. This is likely to be the consequence of
the key metabolic disturbances of diabetes - hyperglycaemia, insulin insensi-
tivity, non-enzymatic protein glycation, and development of advanced glyca-
tion end products - which may modify intravascular lipoprotein metabolism,
haemostasis, renal function, arterial structure and tone, cellular transport
mechanisms, and free radical activity.

Microalbuminuria and hypertension.

Microalbuminuria was first documented in essential hypertension in 19741,
but its clinical importance in this setting is still not established at present. It is
by no means ubiquitous in essential hypertension, but there are very few
population-based studies of the prevalence of microalbuminuria in essential
hypertension, or vice versa. Estimates of urinary albumin concentration > 20
mg/1 in 7.8 % in our own community based study of 100 Europids with
previously diagnosed hypertension2 compare reasonably well with the 5 %
> 10.6 mg/1 recorded in the 223 hypertensive subjects of mixed ethnic back-
ground in New Zealand3.

Agewall and colleagues4 suggested that microalbuminuria (overnight
excretion > 10 ug/min) was present in 25 % of treated hypertensive subjects
whose average age was 66 years. In this report microalbuminuria was asso-
ciated more frequently with evidence of cardiovascular damage. Mild-to-
moderate hypertension has been associated with microalbuminuria in 40 %
of 123 cases5, but selection bias may have a role in explaining this higher than
expected prevalence.

Difficulties in definitions of both microalbuminuria and hypertension limit
further clarification of the nature of the relationship between the variables.
The definition of blood pressure according to WHO criteria is systolic > 160
mmHg and/or diastolic blood pressure >95 mmHg and/or ongoing anti-
hypertensive treatment. This limited categorisation is based on previous epi-
demiological studies which have demonstrated attributable cardiovascular
risk and a response to treatment at or beyond these levels of blood pressure.
They take no account of the normal age and gender differences in blood
pressure distribution. Thus, blood pressures > 140/90 mmHg in younger
adults may be well outside the 90th centile population distribution, and
should also be considered to be abnormal, although this would not be recog-
nised by current WHO criteria. This is important with regard to the relation-
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ship with microalbuminuria in the light of the suggestion that the relationship
between blood pressure and albuminuria is not linear, and is only apparent at
diastolic pressures >79 mmHg, with pressure-dependent albuminuria a fea-
ture at values > 140/90 mmHg6.

The early report by Parving and coworkers1 demonstrated that microalbu-
minuria was only a feature of moderate (mean 182/112 mmHg) as opposed to
mild (mean 143/89 mmHg) hypertension. A more recent study has supported
this concept, with the observation that white coat hypertension is associated
with microalbuminuria less often than established hypertension7. The relative
importance of systolic as opposed to diastolic pressure on albuminuria has
been examined. Diastolic pressure has been found to be more important in
some reports3, whilst equivalent importance was suggested in others2'8. It has
been suggested that day-time ambulatory diastolic pressure correlates more
closely with microalbuminuria than casual diastolic readings in mild essential
hypertension (> 140/90 and < 160/95 mmHg)9. These factors have a bearing
on the likely natural history of microalbuminuria in essential hypertension
(vide infra).

Ethnic origin also appears to influence the impact of hypertension on
albumin excretion. In contrast to suggestions that microalbuminuria was
seen in less than 10 % of Europids with essential hypertension, urine albumin
concentrations > 30 mg/1 were found in 20.6 % of normoglycaemic
Polynesian inhabitants of the Pacific island of Nauru whose blood pressure
was > 140/90 but < 160/95 mmHg, and in 44 % of those with hypertension
according to WHO criteria10. A paper from New York11 actually suggested
that hypertensive Europids were five times more likely to have microalbumi-
nuria than hypertensive Hispanics, but the sample size was small (60 sub-
jects), and the findings were contrary to the knowledge that hypertensive
renal disease is more common amongst such non-White communities. In
non-diabetic Chinese subjects, multivariate analyses suggested that systolic
blood pressure in men and diastolic blood pressure in women, are indepen-
dent contributors to increasing albuminxreatinine ratios, and exclusion of
mildly hypertensive subjects (> 140/90 mmHg) abolished any such relation-
ship12.

On balance therefore, after taking account of published information in
non-White diabetic subjects, it appears that the impact of hypertension on
albuminuria is greater in non-Europids, particularly in association with obe-
sity and more recent acculturation to a Western lifestyle. Obesity may also
infuence microalbuminuria independent of hypertension13, but whether this
is solely due to insulin resistance (vide infra) is presently unknown.
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These differences lead on to a discussion of the pathogenesis of albumi-
nuria in hypertension, and the perennial argument as to whether genetic or
environmental factors assume greater importance. Proponents of the genetic
theory have suggested that a family history of hypertension and coronary
heart disease is more likely amongst those with essential hypertension com-
plicated by microalbuminuria. Furthermore, albumin excretion rates > 20
ug/min have been recorded in 57 % of non-obese hypertensive individuals
with raised in vitro activity of erythrocyte sodium lithium countertransport
(SLC) activity, a putative genetic marker for essential hypertension, in con-
trast to 18 % with normal SLC and equivalent levels of blood pressure14.
Those with elevated SLC also had a host of additional cardiorenal and
metabolic abnormalities, including increases in glomerular filtration rates,
kidney volume, left ventricular mass, total exchangeable sodium, serum tri-
glycerides, and reductions in HDL cholesterol and renal lithium clearance (a
marker of tubular dysfunction). The difficulty in deciding whether or not
these associations are causal is in part that seen with any cross-sectional
study in small numbers, namely a chance observation in a group with
more complications of hypertension. Just as important is the increasing
recognition that SLC activity is susceptible to many biological factors such
as circulating levels of lipids and insulin, and that information on the kinetics
of ion transport could be more informative15'16. An early suggestion that 65
% of SLC activity is genetically determined17, may therefore be misleading.
Microalbuminuria does appear to be related to body mass index, waist:hip
ratio, and serum insulin in treated hypertension, all factors reflecting insulin
insensitivity4, but another report suggested that microalbuminuria was not
related to hyperinsulinaemia in non-diabetic atherosclerotic subjects, of
whom 60 % were hypertensive18. A recent report has demonstrated a more
than two-fold increase in albumin excretion rates amongst salt-sensitive
hypertensive patients. Albuminuria was correlated with the estimated
increased intraglomerular pressure amongst salt-sensitive patients19. Of
course, the uncertainty still remains as to whether the prime mover in these
processes are predominantly genetically or environmentally mediated.

Further support for a genetic basis to account for microalbuminuria in
only a proportion of subjects with essential hypertension was suggested by
the finding of microalbuminuria in seven out of ten normotensive subjects
with a history of hypertension in a first degree relative, in contrast to none
with no family history20. This preliminary observation requires confirmation
before too much credibility is assigned to this hypothesis. The observation
that microalbuminuria precedes hypertension has been discussed earlier in
the context of diabetes (see Chapter 4), but it seems an unlikely scenario in



120 Cardiovascular risk factors and disease

essential hypertension. The suggestion that microalbuminuria is pressure
dependent beyond a threshold blood pressure is a reasonably consistent
finding, and in keeping with the concept that the primary mechanism is
predominantly haemodynamic, the consequence of raised intraglomerular
pressure.

Altered glomerular pore permselectivity may also play a role, based on the
observation by Cottone and Cerasola21, that nocturnal fractional clearance
of albumin was increased in microalbuminuric hypertensive subjects, despite
no appreciable difference in overnight glomerular filtration in comparison to
normoalbuminuric hypertensive patients. Unfortunately this study only eval-
uated renal filtration by estimation of creatinine clearance, and an apparently
non-significant mean difference of 11 mmHg in diastolic pressure was noted
between the two groups. Parving and colleagues1 found no alteration of |32-
microglobulin excretion in essential hypertension, and suggested that tubular
dysfunction did not therefore appear to be implicated in the albuminuria of
essential hypertension. A later study recorded increased B2-microglobulin
excretion in both benign and accelerated hypertension22. Since that time,
however, the role of this protein as a marker of tubular dysfunction has
been somewhat discredited, but increased excretion of the smaller molecular
weight retinol binding protein has been noted in essential hypertension in
conjunction with microalbuminuria23. The possibility thus remains that tub-
ular disease and dysfunction could also contribute to albuminuria in essential
hypertension.

The rapid reduction in albuminuria with blood pressure lowering (vide
infra) suggests that there is a large functional component to the relationship,
at least early in the course of hypertension, prior to establishment of hyper-
tensive nephrosclerosis.

Hypertension is not a mandatory prerequisite for the development of
microalbuminuria. Several studies2'24'25 demonstrated that diagnosed and
treated hypertension was a finding in only 25-37 % of individuals with
microalbuminuria. Hypertension does however seem to operate as a contrib-
utory factor which interacts with genetic and environmental components.

Exposure to hydrocarbons in organic solvents is one possible example of
an environmental cause of albuminuria. Hotz and colleagues26 found that
mildly hypertensive (> 140/90 mmHg) floor layers and printers exposed to
water-based glues and toluene had increased fractional albumin clearance, in
comparison to mildly hypertensive roadmen whose exposure to hydrocar-
bons was slight. Hypertension may therefore promote albuminuria in sub-
jects with glomerular membrane damage from hydrocarbons, a fact
supported by the group's earlier observation of erythrocyturia in these



Microalbuminuria and hypertension in IDDM 121

same workers. By contrast, Yaqoob and colleagues27 have recently demon-
strated that urinary protein and enzyme markers of tubular dysfunction were
increased with chronic hydrocarbon exposure, but there was no associated
increase in urinary albumin excretion. No comment was made, however,
about the possibility of any interaction with coincidental hypertension.

Most recently, Pedrinelli and coworkers28 suggested that microalbumi-
nuria in essential hypertension was independently associated with increased
concentrations of von Willebrand antigen, a marker of endothelial dysfunc-
tion, as well as increased plasma fibrinogen and smoking.

Microalbuminuria and hypertension in IDDM

Despite extensive work in this area, at present there is no clear consensus as
to the extent or the nature of the relationship between albuminuria and blood
pressure in IDDM. This is partly because of different definitions of micro-
albuminuria (cut-off points varying between 10 and 70 ug/min have been
found to predict subsequent renal and cardiovascular disease), and the failure
to consider hypertension in relative terms which take account of age-related
norms. Other factors such as glycaemia, glycation and hyperinsulinaemia are
intrinsic to IDDM, and themselves may affect albuminuria. The pathogenesis
of hypertension in IDDM may itself have a bearing on the relationship with
albuminuria, but at present controversy surrounds the suggestion that a
genetic predisposition to hypertension and altered cellular ion transport is
implicated in hypertension and diabetic nephropathy. There is no doubt,
however, regarding the intimate relationship between hypertension and albu-
minuria in IDDM.

The reported prevalence of hypertension in microalbuminuric IDDM
patients has possibly been underestimated at 30 %, since WHO criteria
were used for the diagnosis of hypertension (systolic > 160 mmHg and/or
diastolic > 95 mmHg and/or current antihypertensive therapy) and albumin
excretion rates > 21 ug/min were diagnostic of microalbuminuria in this
study29. It is clear that the prevalence of hypertension in microalbuminuria
changes with increasing duration of diabetes (from 11 % after 5-9 years, to
53 % after 30-34 years)29. These data, however, are from a tertiary referral
centre with a major interest in early diabetic renal disease, so the representa-
tiveness of the population is not certain. The prevalence of hypertension by
whatever diagnostic criteria increases with the degree of microalbuminuria,
and is increased two-fold when the excretion rates are 70-200 ug/min, as
opposed to 20-69 ug/min.
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The prevalence of microalbuminuria amongst hypertensive IDDM patients
is not stated explicitly, but is likely to be of the order of at least 80 %, bearing
in mind the observation by Norgaard and colleagues29 that the prevalence of
hypertension amongst normoalbuminuric IDDM patients aged 40-50 years
is of the order of 12 %, analogous to an age-matched non-diabetic popula-
tion, in contrast to 30 % amongst microalbuminuric IDDM subjects of
similar age. The prevalence of microalbuminuria (> 20 ug/min in timed over-
night collections) amongst normotensive (< 140/90 mmHg) IDDM patients
has been estimated at 12-16 %30~32. Marshall and Alberti32 demonstrated
that univariate and multivariate relationships with albuminuria are evident
when systolic blood pressure exceeds 140 mmHg.

The broad consensus from earlier cross-sectional studies in IDDM sug-
gested that day-time resting diastolic pressure, as opposed to systolic blood
pressure, was the clearer discriminator of microalbuminuric from normoal-
buminuric subjects. This appeared most notably in studies where the greater
proportion of subjects were less than 40 years of age. Part of the explanation
for the observation is simply mathematical, in that absolute differences in
blood pressure would have greater significance for diastolic blood pressure,
because of less spread of values. This is supported by scrutiny of the age- and
gender-based centile charts (Fig. 6.1)33 where, in contrast to systolic blood
pressure, the 90th centile line for diastolic blood pressure is quite flat at ages
<40 years. In pathophysiological terms the greater importance of diastolic
pressure would suggest that intrinsic renal vascular tone may be more impor-
tant than the systemic effect of left ventricular outflow in determining glo-
merular protein loss. Gender differences in 'normal' patterns of blood
pressure also need consideration. Under the age of 45 years, the 90th centile
of diastolic pressure for women is 4-5 mmHg less than in men. This could
suggest that if early increases in blood pressure above reference ranges are
associated with microalbuminuria, for any given modest increase of blood
pressure in IDDM, women may be more susceptible to albuminuria than
men.

One additional point in assessing the impact of early rises in blood pressure
is to look at ethnic variations in age- and gender-based normative ranges.
Below the age of 35 years, there appears to be no difference between Europid
and African Americans, in either men or women. Thereafter, a significant
difference emerges, with 7-12 mmHg higher 90th centile cut-offs in Black
compared with White men, and 6-22 mmHg higher 90th centile cut-offs in
Black compared with White women34. The implications of this are either that
a higher threshold for attributable risk could operate in Blacks (and possibly
other ethnic groups), in comparison with Europids, or alternatively that the
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Fig. 6.1. Age and gender centile charts for systolic (upper panels) and
diastolic (lower panels) blood pressure in men (left) and women
(right). Borderline hypertension by WHO criteria is depicted by
large dotted area and definite hypertension by small dotted area.
Data derived from reference 34 and reproduced from reference 33
with permission (copyright John Wiley & Sons Limited).

approach of using centile cut-offs to define normality may require downward
revision in these populations, in recognition of the fact that they are more
susceptible to both hypertension and its sequelae. Although the impact of
ethnic variation on glomerular protein loss to a given systemic blood pressure
in IDDM is not totally clear, it is known that the incidence of end stage
diabetic renal disease is greater amongst African Americans than Europids35.
The approach of lowering the centile for abnormality in non-Europids, to
equate to the absolute value of the 90th centile for diastolic blood pressure in
Europids, may therefore prove to be appropriate.

An area of active debate is whether increases in blood pressure precede
microalbuminuria or vice versa. This has focused on the possibility that early
diabetic nephropathy evolves in those with a genetic predisposition to essen-
tial hypertension, characterised by increased erthyrocyte SLC activity, and
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accelerated by the impact of hyperglycaemia, smoking, and possibly glomer-
ular hyperfiltration36. Under these circumstances early changes in blood
pressure and mild sustained intraglomerular hypertension would be the driv-
ing force behind the microalbuminuria. Protagonists of this hypothesis have
documented that the 8-15 % incidence of microalbuminuria (>20 or >30
ug/min in overnight timed collections) over four years in IDDM patients with
mean age 33 years is preceded by a relative increase in resting day-time
systolic and diastolic blood pressure (138/82 versus 124/73 mmHg)37. The
suggestion that raised SLC activity was a genetic marker for familial essential
hypertension and subsequent renal dysfunction38"42 has not, however, been
supported by several projects which have taken care to avoid the study of
patients with confounding variables such as dyslipidaemia and persistent
albuminuria43"45. We have documented that raised SLC activity is not asso-
ciated with altered tubular reabsorptive activity or total exchangeable sodium
in IDDM uncomplicated by overt nephropathy46.

The contrary view of the relationship between blood pressure and the
evolution of albuminuria has been expounded by Mathiesen and collea-
gues47'48. During a prospective follow-up study of > 5 years' duration, the
15 of 205 subjects with initial and follow up albumin excretion rates respec-
tively < 21 and > 21 ug/min, had comparable rested seated blood pressure at
baseline, in comparison to the majority of 190 whose albumin excretion rate
remained < 21 ug/min (122/80 versus 126/79 mmHg, respectively). At follow-
up, both systolic and diastolic blood pressure were greater amongst those
who developed microalbuminuria. It was concluded that established early
nephropathy initiated hypertension.

The dilemma may be resolved in part by acknowledging that overnight
albumin excretion rates > 15 ug/min are also in fact elevated; thus, there
would be some with early nephropathy in the original cohort, and in the
bulk whose AER remained < 21 ug/min. A more attractive and likely expla-
nation rests with information from 24-h ambulatory monitoring, which effec-
tively demonstrates that resting day-time blood pressure does not always
reflect overnight blood pressure control. This is particularly pertinent in
microalbuminuric IDDM patients, since even in the absence of relative or
absolute hypertension as denned by WHO, the normal attenuation of blood
pressure whilst supine at night is not seen49'50 (Fig. 6.2). Furthermore this is
associated with increased resting nocturnal heart rates49, in keeping with the
suggestion that autonomic dysfunction may be implicated in the phenom-
enon51""53. One of us has suggested a complementary finding in an earlier
report, namely that nocturnal increases in albumin excretion rates were
more apparent amongst those with early diabetic autonomic dysfunction54.
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Fig. 6.2. A 24-h profile of mean systolic and diastolic blood pressure for: (A)
normoalbuminuric IDDM patients (solid circles) and non-diabetic
control subjects (open circles); (B) microalbuminuric IDDM
patients (solid circles) and non-diabetic control subjects (open cir-
cles). Reproduced from reference 55 with permission.
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Some reports have documented altered nocturnal blood pressure patterns
which are reflected in random blood pressure measures in microalbumi-
nuria50, whereas the majority did not discern the altered pattern by reference
to day-time measures49'55'56. The phenomenon does appear to be age related,
in that the physiological nocturnal blood pressure fall is preserved in children
< 14 years old with IDDM, and only nocturnal systolic pressure is elevated
in microalbuminuric IDDM adolescents aged 15-20 years, whereas both
nocturnal systolic and diastolic blood pressure are elevated in microalbumi-
nuric IDDM subjects aged 21-37 years56. The interesting and reasonably
consistent difference between day-time and nocturnal BP associations with
microalbuminuria is that both nocturnal systolic and diastolic blood pressure
are increased in, and correlate closely with, the degree of albuminuria. The
observation that nocturnal blood pressure is increased in 50 % of cases with
normal day-time blood pressure and albumin excretion rates < 15 ug/min
lends support to the suggestion that blood pressure is literally the driving
force behind early microalbuminuria50. Nocturnal increases in blood pressure
were not related to day-time glomerular filtration rates in this study.
However altered nocturnal control of autonomic tone, blood pressure and
renal blood flow could be determining intraglomerular hypertension, thereby
leading to increased microalbuminuria.

The marked day-time variability in albuminuria and blood pressure57 sug-
gests that future prospective studies of the pathogenesis of microalbuminuria
and hypertension in IDDM should focus on the supine nocturnal control of
systemic and renal haemodynamics.

The potential impact of insulin insensitivity (vide infra) on the relationship
between microalbuminuria and hypertension requires consideration, in the
light of its recent documentation in a cross-sectional study of microalbumi-
nuric IDDM patients58. Whether this is an epiphenomenon or the prime
factor in the development of hypertension, nephropathy, an atherogenic
lipoprotein profile, and later cardiovascular disease, can only be answered
by longitudinal studies.

Microalbuminuria and hypertension in NIDDM

In contrast to IDDM, the relationship between blood pressure and albumi-
nuria in NIDDM is less direct. The reasons for this are varied. Hypertension
and NIDDM may share a common aetiological factor, explaining why hyper-
tension is a feature in at least 50 % of patients with NIDDM, and why over
40 % of obese treated hypertensive non-diabetic women develop NIDDM
over the ensuing 12 years59. However the frequent difficulty in timing the
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exact onset of NIDDM means that information on the early natural history
of albuminuria and its relation to hypertension in NIDDM is imprecise.
Various other factors implicated in albuminuria may be more apparent in
NIDDM than IDDM - namely established cardiovascular disease and co-
existent non-diabetic renal disease.

Thus hypertension (WHO criteria) may still be a feature in 48 % of nor-
moalbuminuric Europid NIDDM patients, and in 68 % with microalbumi-
nuria (24-h excretion rates 21-208 ug/min)60. The corollary is that
microalbuminuria (overnight > 10 ug/min ) was present in less than 70 %
of Europids with NIDDM with systolic blood pressure >220 mmHg32.

There is possibly a further interaction with gender, in that microalbumi-
nuria (overnight > 20 ug/min) accompanies hypertension less frequently in
women than in men, such that the prevalence of hypertension (WHO criteria)
amongst microalbuminuric men with NIDDM appears to be twice that of
women61'62.

Patrick and colleagues63 have shown that microalbuminuria (early morn-
ing albumin:creatinine ratio >2.5 mg/mmol) is present at diagnosis of
NIDDM in up to 24 % of patients with treated hypertension, with the pre-
valence unchanged one year after diagnosis, raising the question as to the
nature of the relationship between blood pressure and albuminuria. This
substantiated the earliest observation of microalbuminuria in newly diag-
nosed NIDDM associated with hypertension64. There are at least three long-
itudinal studies (in non-Europids) which demonstrate that early relative
hypertension precedes microalbuminuria in NIDDM by a period of three
to five years65"67, and increases in blood pressure accompanied the develop-
ment of microalbuminuria over a three-year period in a study of Europids
with NIDDM68.

The relative importance of systolic and diastolic blood pressure in micro-
albuminuric NIDDM patients contrasts with the situation in IDDM. The
majority of studies supporting a role for hypertension in microalbuminuric
NIDDM patients has demonstrated that the association is strongest for sys-
tolic blood pressure32'60'63'68"70. This may be partly because of the greater
incidence of isolated systolic hypertension due to arteriosclerosis in NIDDM.

There are reports, however, which have found either diastolic blood
pressure to be more important71, or have not found any difference in hyper-
tension prevalence between NIDDM patients with or without microalbumi-
nuria63'72'73. Likewise, 24-h albumin excretion rates were no different in at
least one study in NIDDM comparing those with and without hyperten-
sion74. This emphasises the multifaceted pathogenesis of microalbuminuria,
particularly in NIDDM. There is clear evidence, however, that the relation-
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ship between blood pressure and albuminuria is graded and is particularly
evident at higher levels of blood pressure and clinical proteinuria61'62'70.

As in IDDM, ambulatory blood pressure monitoring has been employed
to evaluate the relationship with albuminuria, and 24 hour mean systolic
pressures correlated best with albuminuria72. There is also evidence of
reversed circadian rhythmn, that is attenuation of the normal nocturnal
reduction in mean blood pressure, in ostensibly normotensive NIDDM sub-
jects which was closely correlated with albuminuria75.

The relationship between evolving hypertension and albuminuria might
suggest that at least a component of the association could be predetermined,
as has been suggested in essential hypertension and in IDDM. Raised SLC
activity has been noted in cross-sectional studies in proteinuric NIDDM
patients76, and a similar phenomenon has been noted in a small study of
microalbuminuric NIDDM patients. Insulin resistance is another associated
feature of NIDDM which may be confined to those with both microalbumi-
nuria and hypertension, and which itself may have played a part in the
development of these complications77'78. However, the criticism of similar
findings in IDDM could also be proposed in NIDDM, namely the presence
of co-existent confounding variables such as dyslipidaemia, which could
affect SLC and insulin sensitivity. In addition, there is uncertainty whether
abnormal SLC activity predates the evolution of hypertension and albumi-
nuria, although one report demonstrated that they may be preceded by insu-
lin resistance78. In this study normoalbuminuric normotensive NIDDM
subjects with impaired insulin-induced glucose uptake by extrahepatic tissue
more frequently developed both microalbuminuria and hypertension during
a six-year follow-up, in comparison with those with normal insulin sensitiv-
ity.

Many studies have been carried out in non-Europid ethnic groups, which
demonstrate broadly similar associations to all those just described. There is
the possibility, however, that hypertension may exert a greater influence on
the presence and evolution of microalbuminuria in certain ethnic groups. In
the Japanese, pre-existing hypertension was reported in 72.7 % of those who
developed microalbuminuria (> 15 ug/min over 24 h) over the ensuing five
years, in comparison with 17.4 % with persistent normoalbuminuria. More
specific was the observation that the annual incidence of microalbuminuria
was three times that previously reported in Europids65.

Hypertensive British Asian Indians with NIDDM also appear more
prone to microalbuminuria than their Europid counterparts. Allawi and
colleagues79 showed that the prevalence of microalbuminuria (early morning
albumin:creatinine ratio > 2 mg/mmol) was more than doubled in those with
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hypertension (44 %), in comparison with those without (16%). Furthermore
the comparable prevalence was also double that of hypertensive Europids (22
%). An increased incidence of hypertension amongst non-diabetic Asian
Indians and the Japanese is well recognised, which could have a bearing on
the disparity. Alternatively, the impact of hypertension on intraglomerular
haemodynamics and glomerular permeability may differ.

Pre-existing hypertension (WHO criteria) has also been associated with a
higher prevalence of microalbuminuria (overnight > 8.6 ug/min) in Chinese
NIDDM subjects, in comparison with those without hypertension (40.0 %
compared with 22.6 %, respectively)67. Progression from normo- to micro-
albuminuria was also evident amongst those with hypertension67. Cheung
and coworkers80 recorded no difference in hypertension amongst Hong
Kong Chinese with or without microalbuminuria (untimed random albu-
minxreatinine ratio >2.5 mg/mmol), although differences were evident
amongst those with clinical nephropathy (albumin:creatinine ratio >26.8
mg/mmol).

The hypothesis of an ethnic predisposition to albuminuria in hypertensive
NIDDM patients might also appear to be contradicted by Lunt and collea-
gues81, who observed that the correlation between hypertension and
increased urinary albumin excretion was in fact stronger in Europids than
Polynesians. Scrutiny of the data reveals that patient selection could explain
the discrepancy, since more than 50 % of the Europids were hypertensive, in
contrast to less than 30 % of the Polynesians. However if Polynesians actu-
ally have a higher prevalence of microalbuminuria but less hypertension than
Europids, as may be inferred from other reports10, then the observation by
Lunt and coworkers81 would be sound and would suggest that blood pressure
is less important than other factors in determining microalbuminuria in
Pacific Islanders.

Nigerian Africans with NIDDM are another population with a high pre-
valence of microalbuminuria bearing little relationship to hypertension82,
and Mexican Americans with microalbuminuria (> 30 mg/1) have on average
higher systolic and diastolic blood pressures than normoalbuminuric sub-
jects, although again surprisingly no greater prevalence of hypertension25.

The inconsistencies reflect partly the evidently different classifications of
microalbuminuria, as well as true phenomenology, and the possibility that
non-diabetic renal disease such as pyelonephritis, glomerulonephritis, or
renovascular hypertension, could play a more important role than diabetes
in hypertension and albuminuria in non-Europids. More longitudinal studies
with definitive information on renal structure and function could help resolve
these issues.
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Microalbuminuria, hyperlipidaemia and dyslipoproteinaemia

The concept that microalbuminuria could be associated with alterations in
lipoprotein metabolism derives from observations of hyperlipidaemia in the
nephrotic syndrome and chronic renal failure83"85, and increasing knowledge
that the kidney itself plays an important role in lipoprotein handling. The
impact of minor disturbances of renal function is likely to be much more
subtle, but it is also necessary to consider other factors in the context of
microalbuminuria, which could modify lipoproteins. The association
between albuminuria and dyslipidaemia could be the result of a common
unrelated factor, for example endothelial lipolytic function, or the conse-
quence of the effects of concomitant antihypertensive therapy on lipid meta-
bolism. The alternative sequence of events - dyslipidaemia as a mediator of
microalbuminuria - does not appear to be a likely scenario86.

At present there are remarkably few reports of lipoproteins in microalbu-
minuric non-diabetic subjects, but the alterations appear to be less evident
than those reported in diabetes. In discussion of the impact of microalbumi-
nuria on lipoprotein metabolism, one has to consider the population base, in
recognition of the underlying variable patterns of lipid distribution in the
healthy population, and the underlying prevalence of other factors of patho-
physiological significance, such as obesity and hypertension.

Our own study87 predominantly concentrated on Europids, where the pre-
valence of hypercholesterolaemia (fasting >6.5 mmol/1) was 32 %. This is
broadly comparable to other population-based studies in the United
Kingdom. Of the other factors likely to have made an impact on the associa-
tion with microalbuminuria, 10 % were obese (body mass index > 30 kg/m2)
but the prevalence of hypertension (according to WHO criteria) was only
10.3 %. In this group, microalbuminuria (>20 mg/1 and albuminxreatinine
ratio >3.5 mg/mmol) was associated with significant increases and reduc-
tions respectively in the low density lipoprotein (LDL) cholesterol:apoB and
the high density lipoprotein (HDL) cholesterol:apoAl ratios, and a marginal
reduction in HDL cholesterol. A further univariate correlation was observed
between albuminxreatinine ratios and both total and LDL cholesterol.
Specific isolation and full characterization of lipoprotein composition was
not carried out in this study, so that the suggestion of altered lipoprotein
composition can only be inferred from cholesterohprotein ratios. However
similarities can be noted with other studies.

The much larger study of Metcalf and colleagues3'88 also focused on a
mainly Europid (10 % Polynesian and Asian) population with a low preva-
lence of hypertension (4 %), but a higher prevalence of obesity (20 %). The
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prevalence of hypercholesterolaemia was not stated and those whose fasting
serum triglycerides were > 2.5 mmol/1 were excluded. Both urinary albumin
concentration and albumin:creatinine ratio were correlated directly to serum
cholesterol and triglycerides and inversely to HDL cholesterol. Multivariate
analysis determined that the association with triglycerides was stronger
although it was inferred that combined hyperlipidaemia (albeit mild) was
an accompaniment of microalbuminuria. The association with HDL choles-
terol in part reflected the close correlation between HDL and triglycerides,
and importantly was lost after correction for body mass index. Nosadini and
coworkers14 provide support for the suggestion that dyslipoproteinaemia
accompanies albuminuria in hypertension by the observation of reduced
HDL in essential hypertension complicated by microalbuminuria, with
increased serum triglycerides confined to those with increased erythrocyte
SLC activity.

Studies in Nauruans and Mexican Americans have also demonstrated
mean differences of 0.2-0.3 mmol/1 in fasting triglycerides between those
with and without microalbuminuria, with less significant differences in
HDL cholesterol. Between 50 and 60 % of these populations had obesity,
and hypertension (WHO criteria) was present in 26.2 % of Mexican
Americans and 7 % of Nauruans10'25. In Hong Kong Chinese subjects,
serum triglyceride concentrations and waist:hip ratios were significantly
increased amongst those women with albumin:creatinine ratios > 90th cen-
tile (2.1 mg/mmol), but these appeared less important than fasting serum
insulin, which was an independent predictor of albumin:creatinine ratios,
and HDL cholesterol was not related to microalbuminuria12. Thus, even in
populations with a low prevalence of hyperlipidaemia such as the Chinese,
central adiposity, insulin insensitivity and blood pressure are clearer corre-
lates of microalbuminuria than dyslipoproteinaemia.

The broad consensus would be that in the absence of diabetes, at the most,
modest differences in lipids are present in association with microalbuminuria.
The fact that these may be more evident in obese populations might suggest
that the dyslipidaemia may in fact reflect the underlying insulin insensitivity,
which is well recognised to be associated with hypertriglyceridaemia. The
close (patho)physiological correlation with HDL limits attempts by simple
multivariate analysis to distinguish the contribution of triglycerides and
HDL. Insulin insensitivity is a plausible explanation for these observations,
as a common finding in both obesity and essential hypertension, with the
potential through disinhibition to facilitate hepatic secretion of triglyceride-
rich lipoproteins.
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Other mechanisms may explain the findings. In particular, urinary loss of
HDL apolipoprotein constituents and lipolytic enzymes could in theory
accompany microalbuminuria. These abnormalities have been demonstrated
in overt (often nephrotic range) proteinuria. If microalbuminuria was a sur-
rogate for endothelial damage, one such effect could be reduced lipase activ-
ity. These considerations are more likely to explain changes in triglycerides
and HDL; increases in LDL cholesterol, or suggestions of a change in its
composition, are less easily explained. In particular, the molecular size of the
major protein component of LDL (apoB) is much greater than that of apoA
in HDL, and it would not be excreted in the urine alongside albumin. It is
possible however, that the suggested altered LDL composition could reflect
altered catabolism of triglyceride-rich lipoproteins, with a contribution to
LDL from intermediate density lipoprotein (IDL). IDL is more triglycer-
ide-rich than LDL, and is effectively incorporated in 'LDL' estimated by
the Friedewald formula. This formula is a convenient method for estimating
LDL, without the need for time-consuming preparative ultracentrifugation,
where:

LDL cholesterol = total serum cholesterol - HDL cholesterol -
(total serum triglycerides / 2.2) mmol/1

The formula is based on the assumption that the ratio of triglyceride to
cholesterol within very low density lipoprotein (VLDL) is 2.2 , and is unsui-
table for lipaemic samples where total triglycerides are > 4.5 mmol/1. It is not
clear currently whether the formula is perhaps also less secure in the presence
of microalbuminuria. Thus our own suggestions of altered LDL composition
in microalbuminuric non-diabetic subjects87 should be confirmed in other
studies where LDL is fully isolated and characterised.

Other methodological aspects require consideration. Discrepant altera-
tions in high density lipoprotein need to take account of two factors. The
first is the means by which HDL is isolated. This may be by precipitation
methods which rely on the chemical properties of HDL, using either heparin-
manganese or sodium phosphotungstate in the presence of magnesium chlor-
ide to remove VLDL and LDL, or by ultracentrifugation, which relies on the
physical properties of HDL. HDL is often indirectly determined by ultracen-
trifugation, in that the lower density VLDL and LDL molecules are spun up
and HDL is derived by subtraction of the cholesterol content of VLDL and
LDL from total cholesterol. More sophisticated discontinuous gradient or
single vertical spin ultracentrifuges can isolate HDL directly but these are not
employed in many laboratories. The physical and chemical characteristics of
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HDL are by no means analogous, thus it is perhaps not surprising that
studies isolating HDL by different methods do not always produce compar-
able results. For example, it is known that the hydrated density of lipoprotein
(a) (Lp(a)) is similar to HDL such that it is measured in ultracentrifuged
'HDL', whereas Lp(a) is precipitated out by sodium phosphotungstate and
magnesium chloride alongside VLDL and LDL, and thus would not be
incorporated in the 'HDL' isolated by this latter method.

The other point of importance is the gender-specific difference in patterns
of HDL isolated by whatever means. HDL cholesterol is generally higher in
women, thus reductions associated with microalbuminuria might be more
apparent in those studies where women predominated, or there was lack of
matching for gender between the normoalbuminuric and microalbuminuric
groups.

Dyslipoproteinaemia and microalbuminuria in IDDM

In discussion of the impact of microalbuminuria in IDDM, consideration
needs to be given to the complexities of lipoprotein metabolism in diabetes.
As in the non-diabetic population, age, gender, body mass index and body fat
distribution, tobacco and alcohol intake, and patterns of diet and exercise all
exert an influence on lipoprotein concentrations in IDDM. An ostensibly
more atherogenic profile with increased total and LDL cholesterol and
total serum triglycerides, and reduced HDL cholesterol, accompanies ageing
(except in women where HDL increases), and is more apparent in men than
in women89, and in smokers, obese individuals (body mass index > 30 kg/m2,
particularly where fat is centrally distributed), sedentary individuals, and
those whose diet is rich in saturated fat, calories and refined carbohydrate.
Moderate to excessive alcohol consumption can produce apparently para-
doxical increases in both triglycerides and HDL cholesterol, although in
practice the rise in HDL cholesterol is usually attenuated. Consideration
needs also to be given to the adverse effects of co-existent drug ingestion
on lipoprotein metabolism, particularly with high doses of thiazide diuretics,
non-cardioselective beta-blockers and corticosteroids.

More specific to IDDM is the influence of variable blood glucose control,
non-enzymatic glycation and genetic polymorphism of lipoproteins90'91, and
insulin insensitivity on lipoprotein metabolism92"94, all of which may further
accentuate the atherogenic dyslipidaemic profile, although it has been sug-
gested that the impact of hyperglycaemia may be less apparent amongst
black women95. The impact of microalbuminuria must take account of the
independent influence of these other factors on lipoprotein metabolism, and
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usually itself only exerts a modest impact by comparison. Insulin insensitivity
assessed during a euglycaemic hyperinsulinaemic clamp has recently been
independently related to both microalbuminuria and dyslipidaemia in
IDDM58.

Although quantitative lipid abnormalities are widely recognised to have
prognostic importance in IDDM, there is increasing recognition of more
subtle qualitative alterations in lipoprotein composition96, which may be
atherogenic in their own right, at least in normoglycaemic individuals97.
Currently, relatively little is known about the impact of microalbuminuria
on these features.

The definition of hypercholesterolaemia in IDDM is arbitrarily defined as
> 6.5 mmol/1, based on an associated significantly increased attributable
cardiovascular risk in non-diabetic populations, and the understanding
that this is at least doubled in IDDM. The prevalence of hypercholesterolae-
mia in IDDM has been reported to vary between 10 %98 and 25 %", in part
reflecting the different ages and other clinical characteristics of the study
groups. It is approximately equivalent to that of an age- and gender-matched
non-diabetic population. What seems clear however is that the prevalence
varies according to the degree of albuminuria, increased by 5 % in those with
microalbuminuria, and by 15 % in those with clinical proteinuria98.
Multivariate analyses suggest that hypercholesterolaemia is independently
predicted by, in order of importance, age, body mass index, glycated haemo-
globin and albuminuria, with albuminuria assuming greater significance
when the prevalence of clinical nephropathy was higher98'99. The influence
of non-albuminuric factors and methodology of lipoprotein isolation has a
bearing on the strength of the observations from the case-control studies
which will be discussed.

With regard to hypertriglyceridaemia, this is best judged on fasting con-
centrations outside the 95th centile, estimated to be >2.0 mmol/1100. The
independent prognostic value of serum triglycerides in non-diabetic subjects
is still viewed as contentious by some101, despite observations to the con-
trary102. This in part reflects limitations of standard statistical methods, and
ignorance of the fact that triglyceride and HDL cholesterol metabolism are
intimately linked and that separate statistical analysis is inappropriate
because of the much reduced biological variability of HDL cholesterol in
comparison with triglycerides. In IDDM the independent prognostic value
of serum triglycerides for cardiovascular disease appears more clear-cut. In
contrast to serum cholesterol, the prevalence of fasting hypertriglyceridaemia
appears to be greater in IDDM in comparison with the general population,
and may be at least 30 %". In this study, the independent influence of



Dyslipoproteinaemia and microalbuminuria in IDDM 135

albuminuria was less apparent than was the case for cholesterol, and the key
predictors (in order of importance) were the daily insulin requirement (a
surrogate for insulin sensitivity), age, glycated haemoglobin and body mass
index.

Estimates of HDL cholesterol in uncomplicated IDDM patients usually
demonstrate concentrations higher than in non-diabetic age- and gender-
matched control subjects103.

At least ten cross-sectional case-control studies have examined the influ-
ence of microalbuminuria on lipids and Hpoprotein concentrations in IDDM
(Tables 6.1 and 6.2). The broad consensus which emerges is that quantitative
differences in serum lipids are fairly subtle, and intermediate between those
observed in normoalbuminuric and macroalbuminuric IDDM groups, with
clear differences most evident amongst those with clinical nephropathy. Total
and LDL cholesterol concentrations were comparable in virtually every
study, with the exception of two104'105. The findings of Jay and colleagues105

may be explained by the poorer blood glucose control in the microalbumi-
nuric group accounting for increases in cholesterol. The abolute difference
recorded by Jones and coworkers104 was of the order of 0.5 mmol/1, a dif-
ference noted to be non-significant in other studies106"108 raising the possibi-
lity that the difference arose by chance as the result of a small sample size and
a type 2 statistical error. No doubt a meta-analysis would demonstrate that
the difference did attain significance, but the clinical importance would
remain uncertain.

The other point to bear in mind is that, in virtually all studies, LDL
cholesterol was assessed by the Friedewald formula, thereby incorporating
IDL and chylomicron remnants in its estimation. When LDL was definitively
isolated by discontinuous gradient ultracentrifugation87 and normo-
albuminuric and microalbuminuric subjects were matched for total lipid
concentrations, blood glucose control and other confounding factors, LDL
concentration and composition were no different, although the (free)
cholesterol concentration of the larger IDLi particle (flotation density
20-60 Svedberg units (Si)) was increased. Thus the surface lipoproteins
of molecules which are smaller and denser than the major LDL fraction
(1.021-1.034 g/ml) may in fact account for the discrepant findings of
Jones and coworkers104.

A more recent report specifically examined LDL subclasses in normoalbu-
minuric, microalbuminuric and macroalbuminuric IDDM patients, and also
found no major changes in density distribution or composition according to
urinary albumin excretion, although differences emerged in comparison with
non-diabetic subjects for all groups, most notably increased triglyceride
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Table 6.1 HDL cholesterol and fasting total serum triglycerides in published

reports of microalbuminuric, compared with normoalbuminuric, IDDM patients

Study

Vannini"7

Watts107

Jensen106

Jones104

Dullart '14

Winocour87

Jenkins"9

Kapelrud108

Winocour"6

Jay105

Kahr i 1 "

HDL

Normo

1.51a

1.41C

1.42a

1.24b

1.27a

1.38b

1.40a

1.18a

1.43a

1.41b

1.41b

1.64C

cholesterol

Micro

1.46e

l . l l f

1.488

1.07h

1.15e

1.27s

1.401

1.20'
1.40s

1.32e

1.71f

1.458

Serum triglycerides

Normo

0.95a

1.41a

0.98a

0.68d

0.75b

1.57a

nm
0.88"
1.70a

1.00a

0.83"

Micro

0.99
1.52
0.95
1.11
0.92
2.20
nm
1.15
1.60

1.14
1.03

Normo: normoalbuminuria. Micro: microalbuminuria; nm: not measured.
Concentrations expressed in mmol/1.
ap ns, bp < 0.05, ° p < 0.01, djo < 0.001, compared with microalbuminuric subjects.
HDL isolated by precipitation with sodium phosphotungstate and magnesium
chloride, precipitation with heparin and manganese chloride, 8ultracentrifugation,
by hprecipitation with dextran and magnesium chloride, or 'methodology not stated.

Table 6.2 Lipoprotein Lp(a) concentrations in normoalbuminuric

and microalbuminuric IDDM patients

Study

Jenkins119"

Kapelrud108'
Winocour"6"
Jay105"

APO

Normo

86e

49e

90d

72C

(a) (U/I)

Micro

245

100
137
105

Methodology

IRMA

ImmElec
IRMA
ELISA

Normo: normoalbuminuria; Micro: microalbuminuria.
Figures are ageometric mean, or bmedian.
cp ns, d p <0.05, e p < 0.01 compared with microalbuminuric patients.
Methodology: IRMA: immunoradiometric assay (Pharmacia).

ImmElec: in house electrophoresis.
ELISA: Enzyme-linked Immunosorbent assay (Immuno).
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content of LDL109. In this study concentrations of isolated 'light' LDL (den-
sity 1.021-1.034 g/ml) were increased in microalbuminuric and macroalbu-
minuric compared with normoalbuminuric IDDM patients, and the
increased concentrations of both cholesterol and apoB in this fraction con-
firmed an increased number of these particles. This contrasts with our earlier
report87, but the major difference was that we specifically matched patients
for total lipid concentrations, whereas total cholesterol concentrations were
clearly different in the study of Lahdenpera and colleagues109. As total cho-
lesterol concentrations are usually comparable in microalbuminuric and nor-
moalbuminuric IDDM subjects, the findings from the sample of the later
study are not necessarily representative.

In a study comparing normoalbuminuric, microalbuminuric and proteinu-
ric IDDM patients with non-diabetic control subjects matched for age and
body weight, increased mass concentrations of IDL were found in the micro-
albuminuric and proteinuric as compared with the normoalbuminuric
patients"0. Triglyceride, free cholesterol, cholesterol ester and phospholipid
concentrations in VLDL, IDL and LDL were also higher in the microalbu-
minuric and proteinuric groups, as were total cholesterol, total triglyceride
and apo B concentrations. Heparin-stimulated lipoprotein lipase activity was
similar in the three diabetic groups, whereas hepatic lipase activities were
higher in the microalbuminuric and proteinuric groups. The interesting find-
ing in this study was how marginal the differences were between non-diabetic
and albuminuric IDDM subjects. The most important observation is that the
superficially anti-atherogenic lipoprotein composition in normoalbuminuric
IDDM patients was modified by the development of albuminuria, perhaps
due to peripheral hyperinsulinaemia and the influence of hepatic lipase.

With regard to the effect of microalbuminuria on serum total triglycerides,
slight increases are noted in some studies, but not in others, reflecting the
skewed normal distribution of triglycerides and the need for non-parametric
statistical analyses, as well as possible 'swamping' of the influence of micro-
albuminuria by poor blood glucose control. Jensen and colleagues106 demon-
strated a similar phenomenon for HDL cholesterol, where poor blood
glucose control was a stronger factor than microalbuminuria in accounting
for reduced HDL cholesterol.

Several studies have demonstrated, however, that HDL cholesterol is
reduced in microalbuminuric IDDM patients87'104'107'111, and it has been
suggested that it is the potentially more cardioprotective HDL2 cholesterol
subfraction which is specifically reduced87'111.

High density lipoprotein has also been subfractionated according to vary-
ing apolipoprotein content, LpA-I particles containing only apoA-I, and
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LpA-I:A-II particles containing both apoA-I and apoA-II. The concentra-
tions of these two particles were not altered by microalbuminuria, although
HDL cholesterol:apoA-I + apoA-II ratios were significantly reduced in com-
parison to normoalbuminuric IDDM patients111'112.

One purported mechanism to explain these quantitative and qualitative
alterations is that HDL catabolism and urinary loss may be accelerated,
leading to loss of the smaller HDL3 cholesterol subfraction before it could
be converted to HDL2, thereby leading to a relative reduction of HDL2

cholesterol87. Kahri and colleagues'" have examined other possible factors
which might explain the changes in HDL. Cholesteryl ester transfer protein
(CETP) activity was not altered in microalbuminuria, and thus appears not
to be implicated in the alterations in HDL, although the ratio of lipoprotein
lipase:hepatic lipase was reduced, and correlated with HDL components.
Urinary loss of HDL constituents, and enzymes involved in the lipolytic
cascade have been implicated previously113, as has the suggestion that
endothelial control of lipopotein metabolism may be compromised.
Urinary HDL cholesterol loss is only evident, however, at the stage of clinical
proteinuria113. In addition, enhanced movement of cholesterol from HDL to
triglyceride-rich lipoproteins may take place as a result of the increased
activity of lecithimcholesterol acyl transferase reported in diabetic nephro-
pathy114, but alterations in CETP activity are not apparent at the stage of
microalbuminuria.

The method of isolation of HDL cholesterol could also be important, with
the clearest reduction apparent when HDL is precipitated out by sodium
phosphotungstate in the presence of magnesium chloride, or by heparin
and manganese chloride. A rather surprising and unexplained increase in
HDL and HDL2 cholesterol isolated by the latter method has been reported
in one study of microalbuminuric IDDM patients105. It is recognised that
HDL cholesterol concentrations isolated by ultracentifugation in IDDM are
higher than when isolated by precipitation115, and this may be because Lp(a)
cholesterol {vide infra) is incorporated in this particular 'HDL cholesterol'
measurement.

This is supported by a significant correlation between Lp(a) and HDL only
appparent in IDDM when HDL was isolated by ultracentrifugation116.

Other components of the apolipoproteins have been studied in microalbu-
minuria. Increased serum concentrations of apoB, the major protein compo-
nent of LDL, have been recorded104'114'117, but are not apparent in other
studies87'107'109, again perhaps because of inappropriate matching for serum
lipids, and because poorer blood glucose control in these latter studies could
have obscured the effect of microalbuminuria. The study of Lahdenpera and
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coworkers109 suggests that apoB concentrations may only be increased in the
lighter density LDL fraction. As alluded to earlier, reductions in apoA (the
major protein of HDL) concentrations have not been recorded.

The phospholipid and total protein concentrations, and composition of
VLDL, IDL and LDL isolated by ultracentrifugation, are not intrinsically
altered as a result of microalbuminuria87'109. A preliminary report has raised
the possibilty that polymorphism in the apoE phenotype may be important in
modifying the lipoprotein response to microalbuminuria, with possession of
the e2 allele reflected by less change in LDL and HDL cholesterol, and in
apoB118.

Quite apart from the possibility that Lp(a) may be measured in ultracen-
trifuged HDL, interest has focused on the possibility that, as in more
advanced (diabetic and non-diabetic) nephropathy, Lp(a) concentrations
could be increased in microalbuminuric IDDM patients108'116'119. Although
there is presently no laboratory standardisation for the measurement of this
molecule, it has been suggested to be an independent predictor of coronary
heart disease in the non-diabetic population120.

Lp(a) is composed of lipid and the apolipoproteins (a) and B, and apo(a)
has structural (and possibly functional) homology with plasminogen, from
which it appears to have arisen as a genetic mutant. The physiological role of
Lp(a) is unknown, but it is an acute phase reactant and may interfere in vitro
with plasminogen activation and thus fibrinolysis. Concentrations are pre-
dominantly genetically determined, in the main the consequence of expres-
sion of several different isoforms. Post-translational modification of apo(a)
leading to altered concentrations is recognised increasingly, although the
impact of poor blood glucose control and insulin insensitivity on increasing
Lp(a) concentrations remains controversial119'121'122. Regardless of such pos-
sibilities, it is clearly recognised that the distribution of Lp(a) is markedly
skewed, to the extent that unlike any other circulating biological constituent,
physiological concentrations can vary from 0 to greater than 3000 mU/1.

The implication of this is that in order to examine critically the importance
of post-translation modification on Lp(a) concentrations, for example, in
microalbuminuric IDDM patients, Lp(a) quantitation with phenotyping in
a large sample size of at least 200 would be required. As yet this has not been
done, which may in part explain why despite evidence of greater Lp(a) con-
centrations in microalbuminuric IDDM patients in several stu-
dies105'108'116'"9 (Table 6.2), the difference did not always achieve
significance105. A meta analysis in this instance would almost certainly con-
firm the impression of increased concentrations, but the possible mechanism
remains speculative. Lp(a) may be a permissive factor in the progression of
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early diabetic nephropathy, or may rise as a consequence of reduced renal
elimination. An alternative explanation to account for the observation that
Lp(a) concentrations appeared no higher in macroalbuminuric in compari-
son with microalbuminuric IDDM patients116'119 could be that both states
reflect chronic endothelial damage, with a consequent increase in plasmino-
gen activator, and compensatory increased endothelial synthesis of all acute
phase reactants, in order to inhibit fibrinolysis.

The prognostic significance of the increased Lp(a) concentrations on cor-
onary heart disease in microalbuminuric IDDM patients can only be resolved
fully by large prospective studies, but at least two cross-sectional reports have
not found Lp(a) to be a major determinant of coronary heart disease in
IDDM121-123.

Dyslipoproteinaemia and microalbuminuria in NIDDM

The impact of microalbuminuria on dyslipoproteinaemia in NIDDM
appears to be less marked than in IDDM. This is partly because NIDDM
is already characterised by reduced HDL cholesterol and increased serum
triglyceride concentrations, fundamentally the consequence (and also possi-
bly a determinant) of insulin insensitivity. It has also been suggested that
insulin insensitivity may be intrinsic to microalbuminuria in NIDDM77,
although this has not been supported by the observations of Niskanen and
colleagues74, where fasting hyperinsulinanemia (a surrogate for insulin insen-
sitivity) was similar in microalbuminuric and normoalbuminuric patients at
inception of a cross-sectional study, although interestingly somewhat higher
in those with microalbuminuria after five years' observation (31 versus 21
mU/1, p ns).

Lipoprotein metabolism is fundamentally different in the two broad clas-
sifications of diabetes, particularly with regard to HDL cholesterol concen-
trations, which, if anything are greater in IDDM than in the general
population. One point worthy of discussion is that the mechanism of micro-
albuminuria and dyslipoproteinaemia may be quite different in NIDDM, and
is certainly more likely to be multifactorial.

The one microalbuminuric group with NIDDM where dyslipoproteinae-
mia might be expected to be most apparent are women with central adiposity,
but lipoprotein patterns in this group have not been studied specifically.
Consequently, the majority of studies is cross-sectional comparisons of
microalbuminuric and normoalbuminuric men and women, with men pre-
dominating. Trends toward reduced HDL cholesterol and increased serum
triglycerides only reached statistical significance in the minority of studies
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(Table 6.3), with more clear-cut differences most evident in macroalbumi-
nuria70'112-124-126.

One interesting exception to this was in the study of Niskanen and co-
workers74, where differences emerged after a follow-up period of five years,
implying that persistent microalbuminuria is associated with factors involved
in lipoprotein metabolism which further aggravate pre-existing dyslipopro-
teinaemia. These changes could not be explained by age, sex, body mass
index or estimates of blood glucose control, and altered intravascular and
renal catabolism of triglyceride-rich lipoproteins seems the likeliest explana-
tion. This would account for the further observation of modifed lipoprotein
composition, with triglyceride saturation of LDL also evident after five years.
Such changes are known to predict atherosclerotic disease in NIDDM and
the general population127"129.

Compositional lipoprotein analysis has also suggested increased choles-
terol concentrations in remnant-like particles in a small cross-sectional
study of Japanese microalbuminuric NIDDM subjects130, but this was not
confirmed in a study from Spain131, where lipoprotein composition was more
fully analysed by sequential ultracentrifugation, and microalbuminuric and
normoalbuminuric NIDDM subjects had comparable cholesterol, triglycer-
ide and protein concentrations in VLDL, IDL, LDL and HDL. A more
recent Japanese study has reported a high prevalence of smaller, dense
LDL particles in microalbuminuric NIDDM patients, with an increase in
the post-prandial increment in triglyceride-rich lipoproteins following fat
loading132.

The majority of studies demonstrated not only no effect of microalbumi-
nuria on total and estimated LDL cholesterol, but also a lack of change in
concentrations of apoB, apoE, apoA, or the distribution of LpAI and
LpALAII particles of HDL68'70'71-74'112-124'126'131'133'134, although Seghieri
and colleagues131 suggested that NIDDM of less than five years' duration
was exceptional to this, where increases in LDL cholesterol and apoB, and
reductions in the apoA:apoB ratio were the rule. The likeliest explanation for
such an observation is that the subgroup in whom dyslipoproteinaemia and
microalbuminuria cluster were coincident with the group of shorter duration,
the consequence of selection bias.

Previous observations in non-diabetic subjects might have led one to
anticipate that microalbuminuria would be more clearly associated with dys-
lipoproteinaemic NIDDM patients in non-Europid ethnic groups, but this
was apparently not the case in Mexican Americans, perhaps again because
the underlying insulin insensitivity in this obese NIDDM cohort oversha-
dowed the influence of microalbuminuria on lipoprotein metabolism133.
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Table 6.3 HDL cholesterol and fasting total serum triglycerides in published

reports of microalbuminuric and normoalbuminuric NIDDM patients

Study

Seghieri131

DDM > 5 years
DDM < 5 years

Allawi71

Niskanen74

Basal
+ 5 years

Tkac70

Mattock61

Males
Females

Stiegler68

Stehouwer197

Basal
+ 5 years

Haffner133

Jenkins119

Nielsen124

Groop77

NBP
HBP

Reverter125

Peynet112

HDL

Normo

1.30a

1.30a

1.22a

1.07a

1.07b

1.04a

NSa

NSa

1.30a

1.20a

1.20a

1.04a

1.10a

1.23a

1.37a

1.20a

1.28a

1.29a

cholesterol

Micro

1.20d

1.10
1.09d

1.07e

0.92
1.13f

NS
NS
1.10f

(

l.00d

.00
).98f

.00f

.12d

.21f

1.00c

l.05c

1.36d

Serum

Normo

1.80a

1.70"
1.84a

2.39a

2.38b

3.97a

1.99b

1.85b

1.80a

2.40a

2.10a

1.95a

2.00a

1.30a

1.49b

2.81a

1.37a

1.39a

triglycerides

Micro

2.00
2.10
1.98

2.45
4.24
3.15

2.66
2.80
2.50

2.20
1.90
2.21
2.10
1.82

2.17
3.07c

1.48

1.79

Normo: normoalbuminuria; Micro: microalbuminuria. DDM: known duration of
diabetes mellitus. NBP: normotensive; HBP: hypertensive. NS: concentrations not
stated but comparable. Concentrations expressed in mmol/1.
ap ns, bp <0.05, between groups;c p <0.05 in comparison with NBP Normo group
HDL isolated by dprecipitation with sodium phosphotungstate and magnesium
chloride, eprecipitation with dextran and magnesium chloride, or fmethodology not
stated.

The role of apolipoprotein (a) in microalbuminuric NIDDM patients has

been studied. Increased concentrations were demonstrated in contrast to

normoalbuminuric subjects, the levels being comparable to those observed

in non-diabetic individuals undergoing coronary artery bypass grafting126.

These findings were not confirmed in other studies of Europids124'134, or by

Haffner and coworkers133 in Mexican Americans. Part of the explanation for

the discrepancy may be genetic differences between ethnic groups, as well as

the relatively small numbers studied, bearing in mind the distribution of



Microalbuminuria, haemostasis and fibrinolysis 143

Lp(a). These suggestions may also explain why higher apolipoprotein (a)
concentrations amongst those NIDDM subjects with coronary heart disease
have only been recorded inconsistently in Europids126'135~137, as has been
noted in prospective studies of non-diabetic subjects120. Alternatively, the
influence of Lp(a) in coronary heart disease associated with NIDDM may
be less important than in the general population, as has been suggested in
IDDMi2,,.23,m

Microalbuminuria, haemostasis and fibrinolysis

This discussion of the impact of microalbuminuria on thrombotic and antith-
rombotic factors will be prefaced by a brief outline of the physiology of
haemostasis, whereby the fluidity of circulating blood is maintained. This
is essentially achieved by the interaction of the endothelium with clotting
and fibrinolytic factors, and with platelet function. Homeostasis is main-
tained in health by balance of all these factors; thus, it may be inappropriate
to assess markers of thrombosis without reference to estimates of platelet
function and fibrinolysis.

The key to integration of this complex balance is the vascular endothelium,
which has both natural pro- and anticoagulant modulating properties.
Endothelial function will be referred to briefly as it is covered in more detail
elsewhere (Chapter 5), but it appears that endothelial trauma is the initiating
factor which thereby leads to platelet adhesion, aggregation and degranula-
tion, followed thereafter by activation of the intrinsic and/or extrinsic coa-
gulation cascade, and the production of thrombin and fibrin clot.

The fibrinolytic system acts to restore normal tissue function and is acti-
vated after conversion of plasminogen to plasmin by the action of plasmino-
gen activators, which themselves are physiologically under inhibitory control
by tissue plasminogen activator-1 (PAI-1). Antithrombotic factors such as
proteins C and S, and antithrombin III conserve the consumption of haemo-
static factors, thereby also reducing the tendency to thrombosis. Activity of
several of these factors is genetically determined, and also appears to be
influenced by hyperglycaemia and acute inflammation.

It will be understood that such a complex system is finely balanced, such
that minor alterations may accelerate either thrombosis or haemorrhage.
Furthermore, it operates in such a way that geographically discrete endothe-
lial sites may promote changes localised to the microenvironment, but not
apparent systemically. A good example would be the retinal microvascula-
ture in diabetes. In practice this means that efforts to assess coagulation by
peripheral venous sampling may not reflect localised arterial pathology.
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Furthermore there is inherent difficulty in assessing in vivo haemostatic
function, particularly platelet behaviour. Laboratory in vitro tests of platelet
function and clotting factors will not always mimic in vivo behaviour, and are
very susceptible to activation during venepuncture. Finally, there are ongoing
methodological difficulties and a lack of standardisation as to how clotting
factors such as fibrinogen should best be measured.

It may be in part recognition of these difficulties that scarcely any reports
at present have evaluated haemostasis and fibrinolysis in microalbuminuric
non-diabetic patients, despite the suggestion of alterations in some studies in
diabetes. We estimated fibrinogen concentrations by the Clauss technique
and found microalbuminuria was associated with a non-significant increase
(mean 0.4 g/1), and both urine albumin concentration and albumin:creatinine
ratio correlated (albeit weakly) with fibrinogen (r, = 0.25)2. At the time of
writing, there were no other reports for comparison.

Microalbuminuria, haemostasis, fibrinolysis and platelet function in
diabetes mellitus

Reviews of coagulation and fibrinolysis in diabetes are legion, and on balance
there is a clear impression of a prothrombotic tendency. However, quite
apart from the methodological difficulties alluded to earlier, the impact of
diabetes itself needs to be taken into account, and in this respect is similar to
the influence on lipoprotein metabolism of insulin insensitivity, hyperglycae-
mia and non-enzymatic glycation. The multiplicity of methods whereby pla-
telet, haemostatic, anti-thrombotic and fibrinolytic function are measured
means that there is no consensus on how they might be modified by the
aforementioned metabolic alterations.

With regard to platelet function, hyperglycaemia appears at best to exert a
modest influence on adhesion, aggregation and degranulation, with co-exis-
tent vascular disease a more potent indicator of abnormalities139. The in vivo
role of insulin insensitivity and glycation is not clear.

Increased fibrinogen concentrations and clotting and antithrombotic fac-
tor activity are more clearly related to hyperglycaemia and insulin insensi-
tivity, although the presence of established vascular disease is a more
consistent correlate. Non-enzymatic glycation of anti-thrombin III has
been noted to reduce its activity. Hypofibrinolysis and increased plasminogen
activator inhibitor-1 (PAI-1) have been recorded in association with poorly
controlled and complicated diabetes, and also with insulin insensitivity (in
the shape of obesity).
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The majority of studies of haemostatic factors in microalbuminuric dia-
betic patients has focused on IDDM. Fibrinogen has usually been measured
by clotting methods, although turbidimetry has also been utilised. Of those
studies reported to date, elevated fibrinogen concentrations have been clearly
demonstrated in both IDDM and in NIDDM, when a group with overt
macroalbuminuria was included69'106'140'141. Microalbuminuria was less con-
sistently associated with hyperfibrinogenaemia, with significant differences of
0.3 or 0.7 g/1 recorded in IDDM in three reports104'140'142, and with a sig-
nificant 0.5 g/1 difference in microalbuminuric Japanese NIDDM143, in con-
trast to non-significant trends in the other reports in IDDM106'141'144 and
NIDDM69''41'145'146. This suggests that larger numbers would be required to
demonstrate clearly a significant difference, but also the fact that the absolute
order of the difference would be small. It is important to note that blood
glucose control was particularly poor in one study140 (mean HbAl c 9.1 %),
and multivariate analysis demonstrated this to be a more potent indicator of
fibrinogen than microalbuminuria.

It seems reasonable to conclude that microalbuminuria and hyperglycae-
mia exert a cumulative impact on plasma fibrinogen. This may reflect under-
lying endothelial damage {vide infra), altered synthetic rates of fibrinogen
associated with microalbuminuria, and subsequent delayed catabolism of
glycated fibrinogen147. The reported increased partial thromboplastin time
in microalbuminuric IDDM140 was attributed to the increased fibrinogen.

Clotting factor concentration and (in vitro) activity are not necessarily
synonymous, which may in part explain the discrepant findings of increased
factor VIIc activity140'142, without an apparent increase in factor VII con-
centration in either IDDM104'141 or NIDDM71'141'146. The accentuated activ-
ity could have contributed to the reduced prothrombin ratio, and might be
explained on the basis of an associated increase in circulating triglyceride-rich
IDL and LDL, which are known templates for activation of factor VII. This
is supported to some extent by the observation that serum cholesterol and
triglycerides are independent predictors of factor VIIc activity140'142. By con-
trast, factor VIIIc appears to be less susceptible to activation144'146, with
increased concentrations only recorded in established nephropathy (> 140
ug/min)148. Factor VIII concentration was not significantly different in nor-
moalbuminuric and microalbuminuric NIDDM patients69'71. As with fibri-
nogen and factor VII141, increased factor VIII is present in those with frank
proteinuria69.

Antithrombin III activity is not reduced in microalbuminuric IDDM140'144

or NIDDM patients146, and indeed there is a suggestion that it may be
increased in overt nephopathy140, despite no apparent increase in the ex
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vivo rate of thrombin generation148. This is at odds with an earlier report
suggesting that thrombogenesis via the intrinsic pathway could indeed be
accelerated149. Lee and colleagues140 suggested that levels of the other anti-
thrombotic factors S and C were also increased in IDDM, although this was
not confirmed by Knobl and coworkers141 in either IDDM or NIDDM, but
Lee140 suggested that this could arise as part of a homeostatic compensatory
response. Blood glucose control and serum cholesterol again seemed to be
more important determinants of these factors than albuminuria, and
although total protein S was predicted by albuminuria on multiple regression
analysis, activity of factor S is reflected more by 'free' levels140.

Global tests of fibrinolysis do not appear to be altered in microalbuminuric
IDDM patients140, although a marked increase in PAI was noted, but this
probably reflects endothelial dysfunction, as (presumed compensatory) acti-
vation has been noted in established nephropathy150. No significant altera-
tion in PAI-1 or plasmin activity was noted in microalbuminuric NIDDM
patients145'14 , although others have recorded a correlation between micro-
albuminuria and PAI-1 in both NIDDM and IDDM patients142'151'152. A
stronger association between insulin resistance and the other two variables
probably accounts for the univariate association. Extensive assessment of
rheological function has also established that plasma and whole blood visc-
osity at low and high shear rates are not altered by microalbuminuria, and
neither are indices of erythrocyte aggregation and deformability105.

Platelet function studies are particularly difficult to carry out ex vivo, with-
out running the risk of platelet activation. Spontaneous platelet hyperaggre-
gation has been reported in uncomplicated diabetes153, but estimates of
microalbuminuria were not made in this study. In vitro aggregation in
response to adrenaline and ADP appears to be unaffected by either micro-
albuminuria or macroalbuminuria in IDDM144. The observation that col-
lagen-induced aggregation was increased in those with microalbuminuria, in
comparison with both normoalbuminuric and macroalbuminuric groups is
not easily explained. More evident in vivo platelet hyperactivity was suggested
by increased concentrations of both platelet factor IV and |3-thromboglobu-
lin in microalbuminuric as well as macroalbuminuric IDDM patients144.
These proaggregatory substances are normally resident in granules within
platelets, and increased activity is compatible with platelet activation and
degranulation. In contrast to IDDM, platelet aggregation to both collagen
and ADP was unaltered in Japanese NIDDM subjects143; thus, it appears
likely that microalbuminuria per se does not primarily affect platelet func-
tion.
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These alterations in clotting factors, fibrinolysis and platelet function are
summarised in Table 6.4.

Free radical activity and microalbuminuria in diabetes

Free radicals are highly unstable reactive oxygen species which are capable of
inducing peroxidation of lipids and proteins. Whilst primarily an intracellular
defence mechanism, free radical activity also takes place systemically and in
certain circumstances may lead to tissue damage. In particular, free-radical-
mediated lipid and lipoprotein peroxidation has been implicated in athero-
sclerosis and in diabetic microvascular disease. In vivo measurement of free
radical activity has serious methodological limitations and indeed it is uncer-
tain whether circulating measures have any bearing on free-radical-mediated
tissue damage at the local microenvironmental level.

The activity of free radicals is physiologically controlled by the presence of
circulating antioxidants such as superoxide dismutase, caeruloplasmin, ascor-
bic acid, glutathione, vitamin E (a-tocopherol) and plasma and lysate thiols.
High-density lipoprotein is also now recognised as possessing antioxidant
activity.

Consequently, indirect methods are employed to assess free-radical-
mediated lipid and protein peroxidation. Thus oxidation of polyunsaturated
fatty acids or of LDL cholesterol can be estimated by respective measurement
of the diene-conjugated isomer of linoleic acid or of the lipid peroxide mal-
ondialdehyde. Fluorescence of serum proteins occurs after peroxidation and
can also indicate free radical effects. The problem with all these estimates is
that they are non-specific, poorly reproducible and, in the context of diabetes,
susceptible to the impact of non-enzymatic glycation. In vitro assessment of
the susceptibilty of LDL to oxidation in the presence of copper ions has also
been utilised, but again may have little bearing on the in vivo situation, and
the measurement of antioxidant activity is probably only of value when
examined in relation to a reliable marker of lipid or protein peroxidation.
The recent use of direct measurement of oxidised cholesterol byproducts,
such as ketocholesterol, may enable further progress in this area.

Having said that, it will become clear that it is uncertain whether present
methodology is sufficiently sophisticated to enable a valid discussion of the
impact of free radicals in microalbuminuria, and to date this has only been
addressed in diabetes. It has been claimed that diabetes is a state of heigh-
tened free radical activity and reduced activity of certain antioxidants, in part
due to the capacity of non-enzymatically glycated proteins to induce perox-
idation154'155. A preliminary report, however, has found no evidence of



N-T
N
T
N
N

N
T
?
?

N-T
N
T
N
N

?
?
N
N
9

148 Cardiovascular risk factors and disease

Table 6.4. Summary of the abnormalities in clotting factors, fibrinolysis and
platelet function in IDDM and NIDDM patients with microalbuminuria com-
pared with normoalbuminuric patients

IDDM NIDDM

Clotting factors
Fibrinogen
Factor VIIc concentration
Factor VIIc activity
Factor VII concentration
Antithrombin III activity
Fibrinolysis
Global fibrinolysis
PAI
PAI-1
Plasmin activity
Viscosity

Erythrocyte aggregation
and deformability

Platelet function
In vitro aggregation to

ADP/adrenaline
collagen

Factor IV
(3-thromboglobulin

N: similar to values in normoalbuminuric patients.
f: increased compared with values in normoalbuminuric patients.
?: unknown.

increased ketocholesterol concentrations (the major oxidised cholesterol
byproduct) in uncomplicated NIDDM patients in comparison with age-
matched controls156.

In Albustix-negative IDDM patients with retinopathy, there was no evi-
dence of enhanced free-radical-mediated peroxidation of proteins or lipids in
two reports157'158. Although not stated explicitly, at least a proportion of the
sample would have been expected to have microalbuminuria, in view of the
close association between retinopathy and early nephropathy. A similar lack
of alteration in lipid peroxides in microalbuminuric IDDM and NIDDM
patients was noted by Knobl and colleagues141 but, in contrast, increased
diene conjugates were recorded by Jennings and coworkers155 in IDDM
complicated by microangiopathy, and one sole study in NIDDM has demon-
strated increased concentrations of both diene conjugates and malondialde-
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hyde in association with microalbuminuria145. This apparent discrepancy
could be explained by the different mechanisms accounting for albuminuria.
In the study of Collier and colleagues157 it was stated that there was no
clinical or electrocardiographic evidence of ischaemic or peripheral vascular
disease, but the presence of subclinical cardiovascular disease in a population
at high risk was not excluded.

The younger age group in the IDDM studies would make this much less
likely, and indeed microalbuminuria may be a marker of established athero-
sclerotic disease in NIDDM (see later). Recent studies have demonstrated
that diene conjugates, lipid peroxides and antioxidant activity are increased
in atherosclerotic disease, but no more so in diabetes in comparison with a
non-diabetic group159'160. The overall impression is therefore that established
cardiovascular disease per se can itself lead to increased free radical damage
and microalbuminuria, thereby explaining the association between these lat-
ter two variables. Free radical damage and increased lipid peroxides are more
evident, however, in established nephropathy141.

Microalbuminuria and smoking

Although the evidence that smoking is a major cardiovascular risk factor is
incontrovertible, an independent effect on microalbuminuria is less certain.

In non-diabetic subjects there has been a suggestion that a marginally
significant increase in albuminuria is apparent when more than ten cigarettes
a day are smoked88, although a smaller study did not confirm this in IDDM
or healthy control subjects161. A putative mechanism is that smoking could
itself chronically alter glomerular and tubular function, thereby being asso-
ciated with both microalbuminuria and cardiovascular disease, but through
quite different mechanisms. Cross-sectional studies in IDDM have examined
the impact of smoking on microalbuminuria with contrasting findings.
Smoking does not appear to be associated with microalbuminuria if the
duration of IDDM is less than ten years161'162, but is clearly related to
albuminuria where the average duration of IDDM is of the order of 14-15
years162'163, in keeping with the observation from both cross-sectional and
longitudinal studies that even if smoking does not necessarily initiate albu-
minuria, it is an important factor in the progression towards Albustix-posi-
tive clinical nephropathy163'164. A recent intriguing report suggested that
chronic smoking could attenuate the exaggerated vasoconstrictor response
to noradrenaline previously decribed in microalbuminuric IDDM patients. It
was speculated that this could represent down-regulation of a-adrenorecep-
tors if smokers temporarily ceased smoking during acute experimentation165.
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Future research in this area may require protocols to be modified to take
account of such a possibility. The impact of smoking on microalbuminuria in
NIDDM is at present even less certain.

Microalbuminuria and insulin resistance

It is clear that microalbuminuria is associated with a number of clinical
abnormalities, all of which are recognised to be insulin-resistant states,
such as hypertension, obesity and dyslipidaemias. It is thus not surprising
that non-diabetic and diabetic microalbuminuric subjects are more insulin
resistant than their normoalbuminuric peers. However, several lines of evi-
dence suggest that the association with other insulin-resistant states does not
fully explain the degree of insulin resistance seen in microalbuminuria.

In elderly non-diabetic subjects followed for a mean of 3.5 years, those
with microalbuminuria (albumin:creatinine ratio in an early morning urine
sample >3.22 mg/mmol) plus hyperinsulinaemia (fasting serum insulin
> 114.0 pmol/1) had the highest rate of coronary heart disease mortality
and coronary heart disease events166. In patients with essential hypertension,
plasma glucose and insulin levels during a 75 g oral glucose tolerance test
were both significantly higher in microalbuminuric compared to normoalbu-
minuric individuals, suggesting that those with microalbuminuria were more
insulin resistant than those with normal albumin excretion167. A significant
correlation was present between the area under the insulin curve and the
albumin excretion rate.

In IDDM, in one study using the hyperinsulinaemic, euglycaemic clamp
technique, glucose disposal rates were lower in microalbuminuric compared
with normoalbuminuric patients168. Microalbuminuric patients had higher
mean 24-h systolic blood pressure, blood pressure load and a more athero-
genic lipid profile than normoalbuminuric subjects. However, on linear
regression analysis, glucose disposal rate was inversely correlated with albu-
min excretion rate in the microalbuminuric group, and with body mass index
in both groups. Total glucose disposal rate remained lower in the microalbu-
minuric group after adjustment for body mass index.

In NIDDM, again using the hyperinsulinaemic euglycaemic clamp techni-
que, microalbuminuric patients have been demonstrated to have lower total
glucose disposal rates compared with normoalbuminuric subjects169.
Differences in glucose disposal persisted even after exclusion of hypertensive
microalbuminuric subjects. Two groups have performed detailed metabolic
studies of non-diabetic control subjects, normotensive normoalbuminuric
NIDDM, microalbuminuric normotensive NIDDM, normoalbuminuric
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hypertensive NIDDM and microalbuminuric hypertensive NIDDM
patients170'171. Total glucose disposal rates during a hyperinsulinaemic eugly-
caemic clamp were similar in non-diabetic and uncomplicated NIDDM sub-
jects and reduced to a similar degree in microalbuminuric normotensive and
normoalbuminuric hypertensive subjects (Fig. 6.3). The most profound
reduction in glucose disposal was seen in the group with both microalbumi-
nuria and hypertension. The reduction in total glucose disposal was almost
completely accounted for by a reduction in non-oxidative glucose metabo-
lism, i.e. in glycogen storage in skeletal muscle.

Intriguingly, Forsblom and colleagues172 studied non-diabetic relatives of
patients with NIDDM. In relatives with microalbuminuria, systolic blood
pressure and fasting glucose concentrations were higher and HDL-choles-
terol and apolipoprotein A-I lower than in normoalbuminuric relatives. In
hyperinsulinaemic, euglycaemic clamps, total glucose disposal rates were
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Fig. 6.3. Rates of insulin-stimulated total glucose metabolism (shown by the
height of the total bars), glucose oxidation (open bars) and non-
oxidative glucose metabolism (hatched bars) in normotensive and
hypertensive NIDDM patients with (MA + ) and without (MA-)
microalbuminuria. Values are mean ± SEM. *: p<0.05 compared
with non-diabetic control subjects; +: p < 0.05 compared with
NIDDM patients with normal blood pressure and normal albumin
excretion rate; LBM: lean body mass. Reproduced from reference
77 with permission (copyright Springer-Verlag).
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lower in the microalbuminuric subjects, and once again this difference was
almost completely explained by lower non-oxidative glucose disposal rates.

This work suggests that insulin resistance in microalbuminuria is greater
than can be explained by the contributions from the features which are
associated with abnormal albumin excretion. From the family studies it
would appear that there may be a hereditary element contributing to the
appearance of the clinical phenotype of microalbuminuria, hypertension,
obesity and dyslipidaemia.

Microalbuminuria, coronary heart disease and the role of immune
complexes-complement system

There is a body of evidence suggesting an immunological basis for both
diabetic microvascular disease173 and for coronary heart disease174, raising
the possibility that the association between microalbuminuria and coronary
heart disease could be indirect and immunologically mediated. The relation-
ship between microalbuminuria and reduced complement C4 concentrations
in IDDM173 could either reflect increased consumption by immune complex
formation, or alternatively lead to failure of clearance of immune complexes.
Either scenario could result in damage to both large vessels and the micro-
vasculature.

More recent evidence has demonstrated that NIDDM and coronary heart
disease are both independently associated with activation of the complement
system, either by a classical (immune complex mediated) or alternative path-
way175. The co-existence of microalbuminuria made little difference,
although macroalbuminuria was associated with raised plasma concentra-
tions of C3d, a split product arising following activation of the classical
complement pathway.

However, the demonstration that glycated lipoproteins were immuno-
genic176 could be relevant to the impact of diabetes on atherosclerosis, and
simply be an additional additive mechanism which operated to a similar
extent in normoalbuminuric and microalbuminuric subjects, and was exag-
gerated once macroalbuminuria and hyperlipidaemia were present.

Microalbuminuria and non-atherosclerotic cardiovascular disease

Systemic haemodynamics are an important determinant of glomerular albu-
min handling, and this has led to the realisation that microalbuminuria may
be a secondary non-specific feature of all significant cardiovascular disease,
regardless of the primary pathology. This is most clearly illustrated in sub-
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jects with congestive cardiac failure where microalbuminuria is thought to
reflect altered glomerular capillary haemodynamics to a greater extent than
altered permeability, although there is some evidence to suggest that the
fractional clearance of albumin could be preferentially enhanced when glo-
merular plasma flow is reduced177, and tubular dysfunction may also be
involved in the proteinuria of cardiac failure178. Hypertensive cardiac disease
is another situation described previously where there is a logical basis for
associated microalbuminuria.

The role of other forms of cardiovascular disease such as cardiovascular
autonomic neuropathy and cardiomyopathy has to date only been studied in
diabetes. Subclinical alteration of parasympathetic vagal control of heart rate
responses has been noted in association with microalbuminuria in
IDDM54'179. This is particularly apparent at night when additional altera-
tions in sympathetic activity could be implicated in the process by altering
nocturnal systemic and renal haemodynamics.

Support for this comes from 24-h blood pressure monitoring in subjects
with microalbuminuria, where absence of the physiological fall in nocturnal
blood pressure has been related to other features of autonomic dysfunc-
tion49"51'55. It is also possible, of course, that both autonomic dysfunction
and microalbuminuria in IDDM have a common pathogenesis, or that early
nephropathy may itself lead to autonomic neuropathy. This can only be
resolved by prospective studies early in the natural history of IDDM, but
it has been shown that early autonomic dysfunction predicts a decline in
glomerular filtration in established nephropathy, whilst at the same time
progressing itself180. Cardiovascular autonomic neuropathy may be impli-
cated in subsequent mortality, perhaps by sudden death due to ventricular
dysrhythmia, and this is supported by prospective studies where symptomatic
autonomic neuropathy is associated with a > 50 % mortality rate over the
subsequent ten years, often due to cardiovascular or unexplained causes181.
Where (as is commonly the case) there is coexistent coronary atherosclerosis,
alterations in heart rhythms and cardiovascular tone could tip the balance in
individuals with critical coronary ischaemia.

It has been suggested that diabetes may be complicated by a specific dia-
betic cardiomyopathy due to microvascular disease182. Thus, diabetic micro-
angiopathy affecting both the myocardium and the kidney could theoretically
account for features of cardiac dysfunction in association with microalbumi-
nuria in subjects without coronary atherosclerosis. There are several studies
in microalbuminuric IDDM patients with normal autonomic tone demon-
strating intraventricular septal hypertrophy and left ventricular diastolic
impairment183"185, which complement earlier reports of histological endo-
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myocardial abnormalities in IDDM complicated by diabetic retinopathy and
nephropathy, but with patent coronary arteries182. Sampson and collea-
gues183'184 have attributed these abnormalities to minor increases in blood
pressure, and suggested that the findings are the earliest reflection of hyper-
tensive heart disease. Similar observations have been made in non-diabetic
atherosclerotic patients18. Others have noted such abnormalities in the
absence of subtle differences in blood pressure in IDDM185.

Microalbuminuria and atherosclerotic cardiovascular disease in non-
diabetic subjects

The predominant area of interest has focused on the relationship between
coronary heart disease and microalbuminuria. The method by which coron-
ary heart disease is defined may be relevant. Thus, the association with
morbidity measures (angina, previous myocardial infarction, angiographi-
cally defined disease) may not necessarily be paralleled by the relationship
with coronary heart disease mortality, or with peripheral or cerebrovascular
disease.

Several cross-sectional studies have documented features of coronary
heart disease in association with microalbuminuria. Yudkin and collea-
gues24 examined 187 subjects averaging 60 years of age, with a high pre-
valence of diabetes (7 %), hypertension (50 %), microalbuminuria (10.2
%), and coronary heart disease (37 %, based on Minnesota coded ECGs,
or a history of angina or myocardial infarction). Microalbuminuria was
present in 20.6 % with coronary heart disease, as opposed to 4.3 % without
ip = 0.001). The corollary was that coronary heart disease was present in
74 % of microalbuminuric subjects, but in only 32.9 % of those with
albumin excretion rate <20 ug/min (p = 0.001). These findings were inde-
pendent of the influence of altered glucose tolerance, hypertension, smok-
ing, gender, age, ethnic origin or body mass. The population surveyed was
not broadly representative in that they were selected with an anticipated
high yield of glucose intolerance.

In our own study of 447 Caucasian men and women (average age 48 years),
coronary heart disease was defined by similar criteria to those of Yudkin and
coworkers24, but the prevalence of coronary heart disease (< 10 %), micro-
albuminuria (6.3 %), diabetes (1.3 %) and hypertension (10.3 %) was lower2.
Although the prevalence of ischaemia on resting ECG was more common
amongst those with microalbuminuria (17.9 versus 2.7 %, p < 0.05), there
was no significant difference in the prevalence of angina (3.6 versus 4.1 %) or
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of previous myocardial infarction (3.6 versus 1.0 %). Using the presence of
abnormal ECGs as the most sensitive criterion of coronary heart disease, 33
% had concomitant microalbuminuria.

Agewall and coworkers4 examined 331 non-diabetic hypertensive men
whose age averaged 67 years, and also assessed coronary heart disease
using Minnesota coded ECGs (abnormal in 18.7 %), angina (in 12.6 %)
or past myocardial infarction (6.3 %) criteria. Microalbuminuria was pre-
sent in 25 % of cases, but had a low sensitivity as a marker of concomitant
coronary heart disease however assessed. The prevalence of microalbumi-
nuria was significantly higher amongst those with ECG or historical evi-
dence of cardiovascular damage (34.2 %) in comparison with those without
(20.4 %).

Haffner and colleagues25 examined 316 Mexican Americans whose mean
age was 50 years. Coronary heart disease was based on self reporting of
previous myocardial infarction, which was apparently more common
amongst those with microalbuminuria (7.1 versus 1.7 %, p < 0.05), although
with exclusion of hypertensive subjects, the difference was no longer signifi-
cant (3.6 versus 0.8 %).

There is thus a distinct impression that microalbuminuria may more
commonly be a marker of coronary heart disease in the presence of co-
existent hypertension, where potentially similar mechanisms may be impli-
cated in the sequelae of glomerular and coronary artery vasculopathy. The
fact that microalbuminuria and coronary heart disease do not always
accompany one another suggests that additional common predisposing fac-
tors are operative, and also highlights the non-specific nature of microal-
buminuria. In addition to cardiac failure177'178 it is now widely recognised
that microalbuminuria is an acute phase response following myocardial
infarction178'186'187. It has been suggested that this reflects transitory glo-
merulotubular dysfunction secondary to neurohormonal activation of the
adrenergic system and renin-angiotensin-aldosterone axis. The possibility
that thrombolytic therapy with streptokinase could also be implicated in
microalbuminuria has been effectively excluded188. It is important, however,
to ensure that estimation of microalbuminuria in coronary heart disease
takes account of these acute reversible phenomena.

Despite such caveats, the detection of microalbuminuria can predict sub-
sequent cardiovascular morbidity and mortality. The studies of Yudkin and
colleagues24 and Damsgaard and coworkers189 focused on a group where
coronary heart disease was initially present in 30-40 % of the cohort, and
there was a high prevalence of accompanying hypertension. The mortality
rate in both studies was considerably magnified by the presence of micro-
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albuminuria: in elderly people in Denmark this was three-fold (14 % over a
six-year follow-up period)189, and in England sixteen-fold (33 % over a 3.6-
year follow-up period)24. Damsgaard and colleagues189 found that microal-
buminuria interacted with the presence of hypertension, male gender and
serum creatinine, all of which were independent predictors of mortality.
Mortality in 50 % of cases could be attributed to cardiovascular disease
(mainly coronary heart disease), but 30 % had cancer, usually of the gen-
ito-urinary tract {vide infra), and 13 % who subsequently died from cardio-
vascular disease were normoalbuminuric.

In summary, microalbuminuria is closely related to coronary heart disease,
particularly in the presence of other coronary heart disease risk factors. Its
detection in patients with overt coronary heart disease or at high risk of
coronary heart disease should suggest the need for more active management
of modifiable cardiovascular risk factors, because of the anticipated increased
mortality risk. Definitive proof to justify such a policy would only come from
a longitudinal intervention study of management of risk factors in patients
with and without microalbuminuria, with coronary heart disease morbidity
and mortality as the outcome measures.

The relationship between microalbuminuria and peripheral and/or cere-
brovascular disease in comparison with coronary heart disease is not neces-
sarily synonomous. Yudkin and colleagues24 classified peripheral vascular
disease (PVD) as an ankle to brachial systolic pressure ratio of <0.90 in
either leg, and recorded a prevalence of PVD of 13.1 %, in whom micro-
albuminuria was present in 33.3 %, in comparison with 6.3 % without
PVD (p < 0.001). The corollary was that PVD was present in 9.7 % of
normoalbuminuric subjects compared with 44 % with microalbuminuria (p
< 0.001). There is thus an impression that in the general population, PVD
may be a less frequent accompaniment of microalbuminuria than coronary
heart disease. Hickey and colleagues190 assessed PVD more stringently by
symptoms of claudication accompanied by an ankle-brachial pressure index
of less than 0.80, and found that resting albumin:creatinine ratios were
higher than in controls, but that exercise-induced microalbuminuria was a
clearer discriminator from healthy controls. Furthermore, the degree of
exercise-induced microalbuminuria appeared to be related to the severity
of the claudication; thus, its reduction following surgery was of value in
assessing outcome.

The relationship between microalbuminuria and cerebrovascular disease is
even less clear, although it may predict hypertensive haemorrhagic cerebro-
vascular episodes in the elderly189.
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Microalbuminuria and atherosclerotic cardiovascular disease in
diabetic subjects

The association in diabetes was first hinted at by retrospective case control
studies in NIDDM which demonstrated an increased mortality, predomi-
nantly from cardiovascular disease191"193. The predictive cut-off point in
these studies was > 15 mg/1, or > 10 ug/min in an overnight collection.
These studies were of course unable to elaborate what factors in the inter-
vening period may have been of prognostic importance, nor were attempts
made to establish whether the impact of microalbuminuria was not only
independent of blood pressure, age and serum creatinine, but also took no
regard of serum lipids.

Cross-sectional studies have thus attempted to confirm the higher preva-
lence of cardiovascular disease associated with microalbuminuria, and to
clarify whether the relationship is independent of other vascular risk factors.
It is useful to examine carefully the patient characteristics in these reports.
Mattock and colleagues61 examined 141 Europid men and women with
NIDDM, of whom one third had electrocardiographic and clinical features
of coronary heart disease, and almost 50 % had hypertension. Albumin
excretion rates (AER) amongst those with coronary heart disease were
more than double those without coronary heart disease, and multiple logistic
regression showed that AER was the strongest independent predictor of
coronary heart disease.

Marshall and Alberti32 examined 524 men and women with NIDDM, of
whom only 18 % had treated hypertension, 23.4 % had symptomatic cor-
onary heart disease, and 7 % had microalbuminuria. The prevalence of
coronary heart disease was greater amongst those with microalbuminuria,
particularly if AER was >30 ug/min (38 versus 19 % with normoalbumi-
nuria). Although a univariate association between albuminuria and coronary
heart disease was noted, a much clearer relationship was noted in patients
with clinical or symptomatic peripheral vascular disease, in whom AER was
> 10 ug/min in 40 % of cases. Alternatively, the prevalence of PVD increased
three-fold when AER was >30 ug/min (29 versus 10 % with normoalbumi-
nuria).

The suggestion that microabuminuria was more closely associated with
PVD than coronary heart disease in NIDDM was supported by Patrick
and colleagues63 who studied 149 newly diagnosed cases, of whom 26 %
had microalbuminuria and approximately 16 % received treatment for
hypertension. Whilst the overall prevalence of CVD was greater amongst
those with microalbuminuria (47 versus 23 %, ^^0.01), this was exclusively
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due to PVD (34 versus 9 %), but the significance of this was only modest
(p < 0.05) after correcting for the age difference. There was a notable lack
of difference in clinically documented cerebrovascular disease or coronary
heart disease amongst those with or without microalbuminuria, and the
difference in PVD prevalence was in fact no longer significant after 12
months' follow-up.

With the exception of a greater prevalence of self-reported angina in com-
parison with those who were normoalbuminuric, only non-significant
increases in the prevalence in all other measures of vascular disease were
noted by Nielsen and colleagues124 although clear increases were more appar-
ent in macroalbuminuric subjects.

Penno and coworkers194 reported on 318 subjects with NIDDM, of whom
42.5 % were microalbuminuric, over 50 % hypertensive, and of whom 23 %
had coronary heart disease. The prevalence of coronary heart disease and
PVD was twice as great amongst those with microalbuminuria, and in this
study it was suggested that the association was independent of other estab-
lished vascular risk factors.

A small study in 234 Mexican American NIDDM subjects with a high
prevalence of microalbuminuria (30.8 %) but less hypertension (26.2 %),
also found no excess of coronary heart disease, but this was based purely
on self-reporting of previous myocardial infarction, clearly a particularly
crude marker of coronary heart disease133.

In the largest study by Gall and coworkers60 of 557 NIDDM patients, 58
% were hypertensive, 27 % had microalbuminuria, and ECG features of
coronary heart disease were evident in 24 % of cases. This report may be
more representative than others, and is of interest since the prevalence of
several measures of CVD was not significantly greater amongst those with
microalbuminuria (abnormal ECG 26 versus 22 %, angina 9 versus 10 %,
intermittent claudication 9 versus 7 %, cerebrovascular events 8 versus 4 %,
and transient cerebral ischaemia 3 versus 2 %). The odds ratio of microal-
buminuria for coronary heart disease was only 1.06 (NS), and microalbumi-
nuria was thus a weak determinant of coronary heart disease. The situation
was quite different for macroalbuminuria when coronary heart disease was
clearly more prevalent and directly related to the degree of albuminuria. It is
important to note that documentation of coronary heart disease in this study
gave a greater yield when ECG rather than only clinical evidence of coronary
heart disease, was sought. This could partly reflect cardiac autonomic dys-
function leading to silent myocardial ischaemia.

Thus, whilst microalbuminuria is related to vascular disease in NIDDM,
this is most notable when there is coexisting hypertension. However, even
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under these circumstances, it is not a specific and consistent marker of car-
diovascular disease, although it could in theory reflect the severity of disease,
particularly coronary heart disease and PVD. This latter hypothesis would be
supported if microalbuminuria in NIDDM patients with coronary heart dis-
ease and PVD was associated with a poorer prognosis than those who were
initially normoalbuminuric.

Longitudinal studies have given support to this possibility. Mattock and
colleagues62 prospectively followed up a cohort (33 % with coronary heart
disease and 25 % with microalbuminuria at baseline) for a period of 3.4
years, during which time the cumulative mortality was 10 %. The mortality
was seven-fold greater (28 versus 4 %) amongst those who were initially
microalbuminuric, and most importantly, microalbuminuria remained an
independent predictor after adjustment for blood pressure, lipids, and pre-
existing coronary heart disease. Coronary heart disease accounted for 50 %
of mortality, but an important point corroborated elsewhere189'191'195 was
that microalbuminuria was also more apparent amongst the 15-20 % who
died from cancer. The role of proteinuria in cancer will be discussed in more
detail in Chapter 7.

These findings concur with a population-based study of 236 subjects with
NIDDM who were followed up for 6.1 years, during which a 39.4 % cumu-
lative mortality was noted195. At baseline there was a significant proportion
with microalbuminuria (34.3 %), hypertension (48.3 %), and pre-existing
coronary heart disease (14.2 % with symptoms on a questionnaire). The
standardised mortality rate (SMR) for the cohort was only significantly
increased in women, although a less marked increase was noted in men,
but this to some extent reflects the high incidence of all-cause and coronary
heart disease mortality in men whose average age was 68 years. A larger
sample size would be required to demonstrate a relative increase in SMR.
However, as in Mattock's study62, microalbuminuria (> 40 mg/1) in men and
women was an independent predictor of all-cause mortality, in addition to
age and the severity of diabetic retinopathy. Over 40 % of mortality was due
to cardiovascular disease, and 19 % to cancer-related deaths.

In a three-year prospective study in 290 NIDDM subjects with a high
prevalence of microalbuminuria (> 40 %), hypertension (50 %), PVD (40
%) and coronary heart disease (> 50 %), only macroalbuminuria was a clear
marker of vascular mortality, and progression of PVD and carotid stenosis68.
A recent follow-up study in Newcastle confirms that microalbuminuric
NIDDM patients have a greater all-cause total mortality rate, with a high
proportion with vascular deaths in microalbuminuric compared with nor-
moalbuminuric, subjects196. This could suggest that microalbuminuria may
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therefore be a marker of subsequent mortality from causes such as cancer in
NIDDM, as in the non-diabetic elderly population189, in addition to cardi-
ovascular disease. The non-specific nature of microalbuminuria is again high-
lighted, although when there is additional evidence of vascular dysfunction
such as increased circulating endothelial constituents1 7, microalbuminuria
then seems a more precise marker of subsequent coronary heart disease in
NIDDM.

The importance of microalbuminuria to coronary heart disease in IDDM
is less clear, mainly because of the low cardiovascular morbidity and mor-
tality amongst this relatively young population198. The situation is much
clearer when the duration of diabetes exceeds 20 years, and once established
nephropathy and macroalbuminuria supervene {vide infra). However, several
longitudinal studies suggest that microalbuminuria in IDDM is associated
with a greater chance of dying from cardiovascular disease, although the
increase in relative risk is small and the effect only becomes apparent once
clinical proteinuria is present199"201. This is logical given the clear evidence
that microalbuminuria is a precursor of clinical nephropathy in IDDM, at
which stage the risk of coronary heart disease mortality is considerable.

Proteinuria, macroalbuminuria and cardiovascular disease

Virtually all of the previously noted associations with microalbuminuria are
even more evident in diabetic and non-diabetic subjects with overt protei-
nuria, which is a clear and independent predictor of a greatly enhanced risk
of coronary heart disease mortality in diabetic, hypertensive and general
populations202"206. Proteinuria in hypertensive populations probably reflects
the severity of the hypertensive process202 but of course also will result in
adverse changes in lipoporoteins and coagulation which will compound the
cardiovascular risk84"85.

The impact of proteinuria on total and cardiovascular mortality in dia-
betes is particularly dramatic. Longitudinal studies in Denmark and the
United States into IDDM have shown that the relative mortality rate is on
average magnified ten-fold, in comparison with non-proteinuric IDDM
patients of similar age, where the relative mortality rate is still twice that
of the age- and sex-matched non-diabetic population 205'207. The relative
magnification of mortality rates is as high as 100-fold in proteinuric
women with IDDM in comparison with non-diabetic women of similar
age205. Whereas a significant cause of death in these earlier studies was
uraemia, there are now greater facilities for support of end-stage renal dis-
ease, and indeed the long-term prognosis of diabetic nephropathy appears to
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have improved208'209. Consequently an increasing proportion of deaths will
be attributed to a cardiovascular cause. Account should also be taken of the
fact that the incidence of persistent proteinuria and diabetic nephropathy
may be declining210, in part the result of improvements in diabetes care.
This raises the as yet unanswered question as to whether the incidence of
microalbuminuria has also changed, in which case the longer-term cardio-
vascular prognosis in IDDM might also be expected to improve in time.

Whilst proteinuria in NIDDM magnifies 3.5-fold the relative mortality
rate206 this is more clearly from an excess of cardiovascular as opposed to
renal causes. The pathogenesis of albuminuria in IDDM and NIDDM is not
identical and in NIDDM is more closely linked to established coronary heart
disease. However, as in IDDM, the coexistence of hypertension and protei-
nuria act synergistically to magnify mortality risk.

The mechanism whereby proteinuria amplifies coronary heart disease risk
so profoundly in comparison with microalbuminuria must in part reflect
the more consistent aggregation of clear disturbances in established cardi-
ovascular risk factors, although these factors can only be considered
contributory.

Influences specific to diabetes such as the impact of non-enzymatic glyca-
tion on immune function and vascular structure and function are presum-
ably also implicated, but the Steno hypothesis (Chapter 5), whereby
albuminuria reflects a generalised angiopathy of the micro- and macrovas-
culature, offers the best explanation for the greatly enhanced risk of cardi-
ovascular mortality.

The importance of proteinuria to coronary heart disease morbidity and
mortality in diabetes needs to be put in context. In IDDM its detection in
younger patients with a duration of diabetes of 15 years or more magnifies
considerably the relative risk of coronary heart disease in comparison, for
example, with a 30-year-old without IDDM or in an individual with IDDM
uncomplicated by nephropathy. However in absolute terms, the incidence of
coronary heart disease in 30-year-old patients is relatively small, and coron-
ary heart disease is most prevalent after the age of 50. In such circumstances
the impact of proteinuria will be less apparent, and indeed proteinuria may
be recorded in less than 50 % of IDDM patients with established coronary
heart disease198. Our own cross-sectional study confirms this, in that
although albumin excretion rates are clearly greater amongst IDDM patients
with coronary heart disease as opposed to those without, albuminuria is not
an independent predictor of coronary heart disease, and the major determi-
nants are age, blood pressure and serum lipids123.
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Conclusion

Thus, in both insulin-dependent and non-insulin-dependent diabetes, micro-
albuminuria is associated with a collection of other abnormalities, depicted in
Fig. 6.4. Whether the central factor in this clustering is microalbuminuria
itself or another fundamental disease process is not yet clear, but many of the
abnormalities are obviously closely inter-related, so that it is difficult to
determine cause and effect.

The relationship between cardiovascular disease and both micro- and
macroalbuminuria is clearly complex, partly because of the nature of the
association. It seems likeliest that micro- or macroalbuminuria is directly
implicated in a build-up of factors involved in the pathogenesis of cardio-
vascular disease, and that in turn some of these factors, such as hyperten-
sion, perpetuate and aggravate the albuminuria. In addition albuminuria
may be a manifestation of various forms of established cardiovascular dis-
ease and endothelial dysfunction, and a marker of other phenomena, such
as immunological changes, which are relevant to the pathogenesis and
progression of atherosclerosis. The impact of any genetic component is
presently speculative. A schematic outline is presented in Fig. 6.5.
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Fig. 6.4. Clinical abnormalities which tend to cluster with microalbuminuria
in insulin-dependent, non-insulin-dependent diabetic and non-dia-
betic subjects. Reproduced from reference 211 with permission
(copyright John Wiley & Sons Limited).
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Microalbuminuria as a non-specific marker of
disease

The pathophysiology of microalbuminuria has focused primarily on its rele-
vance to diabetes, hypertension and cardiovascular disease, but there is
increasing interest in the importance of urinary protein excretion in other
conditions. Indeed, it is only by awareness of the multiplicity of clinical
situations in which microalbuminuria is recorded, that its relatively non-
specific nature is apparent. The present chapter identifies those conditions
where microalbuminuria has been described and, where relevant, discusses
the clinical value in its detection.

Renal disease

Although the presence of microalbuminuria might be thought fundamental
to the investigation and monitoring of virtually all non-diabetic renal
disease, there is remarkably little written on this subject. It could be
anticipated that any structural damage to the glomerular or tubular com-
ponents of the nephron, or the distal urinary tract, would all be accom-
panied by microalbuminuria in a large proportion of cases. The additional
presence of low molecular weight proteinuria would infer predominantly
tubular disease or dysfunction. Albuminuria will accompany any other
cause of major overflow proteinuria such as Bence-Jones proteinuria
(see later), myoglobinuria or haemoglobinuria1. Microalbuminuria as a
feature of genito-urinary tract neoplasm has been alluded to earlier in
Chapter 6, and has been demonstrated to be of prognostic value in this
setting, in both diabetic and elderly subjects2"5. Genito-urinary infection
and nephrolithiasis are recognised causes of proteinuria, and microalbu-
minuria can be expected sometime in the course of events, usually follow-
ing active treatment, although on occasion as a marker of unexpected
structural pathology6'7.
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Glomerulonephritis and focal tubulo-interstitial disease are the most com-
mon nephropathic disease processes other than diabetic glomerulosclerosis,
likely to be associated with microalbuminuria. The association is most com-
monly described in the context of albuminuria in diabetic patients where
there is a suspicion of non-diabetic renal disease, and histological evidence
of glomerulonephritis or focal interstitial fibrosis. Milder degrees of micro-
albuminuria in the absence of diabetes have been reported in glomerulone-
phritis, most commonly of the membranous variety8, but
mesangioproliferative, amyloid, IgA and lupus nephropathy are also recog-
nised causes9"12, and it has been suggested that the presence of microalbu-
minuria following apparent remission may be the most sensitive method of
detection of relapse of glomerulonephritis13. Other studies did not find the
degree of microalbuminuria to be predictive of recurrence8'14 and, although
microalbuminuria may be a feature of minimal change glomerulonephritis, it
has been suggested that basal albuminuria and the response to exercise in
children in apparent remission for 1-4 years is no different than in healthy
control subjects14.

Urinary albumin and lower molecular weight protein excretion has also
been monitored during steroid therapy of minimal change nephropathy and
nephrotic syndrome, supporting the concept that the filtered albumin load
may lead to tubular dysfunction under these circumstances15. The mechanism
of microalbuminuria in glomerulonephritis is likely to be multifactorial, and
the consequence of immune complex deposition, complement activation and
release of vasoactive substances, which together would be expected to
increase glomerular permeability.

Basal microalbuminuria may be present in more than 50 % of children
with renal scarring some six years after correction of vesico-ureteric reflux,
and this appears to be exaggerated if hyperfiltration is induced by amino acid
infusion16.

The detection of microalbuminuria has also been examined as a marker of
early graft rejection following renal transplants17'18. However the measure-
ment of other markers of renal function, for example tubular proteins and
enzymes such as N-acetyl-glucosaminidase (NAG), are probably more sensi-
tive markers of graft rejection than albuminuria. The positive predictive
value of microalbuminuria may be as low as 33 %, although the negative
predictive value can be as high as 95 %. Concurrent urinary infection is the
major cause of the high prevalence of false-positive microalbuminuria in this
setting.

By contrast, urinary albumin excretion as a marker of glomerular dysfunc-
tion appears to be more sensitive than urinary retinol binding protein excre-



Microalbuminuria and renal disease in pregnancy 179

tion (a low molecular weight protein excreted with tubular dysfunction) in
response to long-term lithium therapy19'20. This reflects both structural and
functional changes, and it appears that lithium treatment may increase glo-
merular permeability, perhaps as a result of structural damage in the form of
glomerular sclerosis. However the early suggestion of a close correlation
between duration of lithium treatment and extent of microalbuminuria19

was not supported by the later longitudinal study20, which rather suggested
that functional impairment was an early feature and a more likely explana-
tion. Use of sustained-release lithium was associated with greater microalbu-
minuria than with standard lithium carbonate, raising the possibility that
regeneration of glomerular function takes place. Other factors such as
lithium-induced alterations in electrostatic properties of albumin could either
increase glomerular permeability and/or attenuate proximal tubular reab-
sorption of the ultrafiltered albumin.

Renal involvement in leprosy was first described over 50 years ago, and
recently microalbuminuria (> 20 mg/1) was reported in over 15 % of multi-
bacillary and paucibacillary cases, often in association with tubular protei-
nuria and microscopic haematuria21. These findings were interpreted as
evidence of both glomerular and tubular disease secondary to the leprosy.
The contribution of amyloidosis to these findings was not ascertained.

Microalbuminuria and renal disease in pregnancy

Physiological increases in glomerular filtration and albuminuria are a feature
of the third trimester of healthy pregnancies. This could potentially exert a
cumulative effect on renal function amongst those with pre-existing renal
disease, and perhaps also have a bearing on the development of pre-eclamptic
toxaemia, which is currently thought to be immunologically mediated
through alterations in placental function.

Deterioration in renal function through pregnancy is well recognised in
patients with glomerular disease22. Whilst this is usually reversible it may on
occasion be progressive and rarely in the context of diabetic nephropathy,
life-threatening23. Increases in microalbuminuria in pregnancy where glomer-
ular dysfunction pre-existed thus seem likely. The nature of the established
renal disease seems to have more bearing on the outcome than the degree of
albuminuria (see Chapter 4), apart from in diabetes mellitus, where the out-
come for mother and foetus is poorer if the mother has proteinuria.

There is less agreement as to whether or not monitoring of urinary albumin
excretion can help in the prediction of pre-eclampsia. Severe proteinuric pre-
eclampsia can develop rapidly without time to detect clearly a preceding
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phase of microalbuminuria, and is more clearly heralded by a rise in serum
urate and a decreased platelet count24. However, the development of mild
pre-eclampsia (increased blood pressure and serum urate without clinical
proteinuria) was associated with a modest exaggerated increase in albumi-
nuria in this study, and the majority of other reports have suggested that
microalbuminuria is a marker for risk of pre-eclampsia25"28, particularly in
diabetic pregnancies29, and in non-diabetic primigravidaes after 28 weeks'
gestation, when microalbuminuria persists long after blood pressure has
returned to normal27. The predictive value of an albumin:creatinine ratio
> 10 mg/mmol at 20 weeks' gestation may be as high as 95 %25, and such
an elevation can precede hypertension in pre- eclampsia by an average of nine
weeks27; thus it has been suggested to be a reasonable screening test for those
considered to be at risk of pre-eclampsia.

The important paper of Rodriguez and colleagues26 examined the clinical
utility of microalbuminuria as a predictor for pre-eclampsia in a prospective
study of 78 normotensive women. They noted that albuminuria > 11 mg/1 at
24-34 weeks' gestation was reasonably specific (83 %), but of low sensitivity
(56 %). This meant that 17 women whose albumin excretion exceeded this
value remained normotensive. However incorporation of the urinary cal-
ciunrcreatinine ratio increased the specificity to 99 %, although the sensitiv-
ity remained poor (50 %). This suggests that, although detection of
microalbuminuria and other abnormalities will make pre-eclampsia almost
inevitable for that individual, almost half the cases of pre-eclampsia appear
to arise precipitously without any prodromal period.

More recently microalbuminuria has also been suggested to be a marker
for premature birth, with 25 % of those women in the top quartile of albu-
minrcreatinine ratios at 16 weeks gestation delivering at 32 weeks or less. This
association was independent of maternal age, ethnic origin, body mass, blood
pressure, smoking or gestational age at booking, and it was hypothesised that
if microalbuminuria was indicative of endothelial dysfunction, then this in
turn could be implicated in the inflammatory and/or vasculitic placental
features amongst premature births30. A subsequent report in 500 normoten-
sive nulliparous women refuted this association and found no relationship
between gestational age and urinary albumin, creatinine, calcium and either
the albumin:creatinine or calciumrcreatinine ratios31.

Surgery and trauma

The concept that microalbuminuria is a marker of an acute phase response
has been advanced most clearly by Gosling and colleagues32'33, who have
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charted in detail the time course of albuminuria excretion in response to
various forms of acute physical stress. Microalbuminuria accompanies sur-
gical procedures, with a three-fold increment apparent 90 minutes after the
start of most forms of peritoneal and vascular operative procedures, in some
instances in patients with cancer. The degree of microalbuminuria was pro-
portional to the severity of surgery (i.e. less under conditions of local anaes-
thesia), but apparently no different following induction of anaesthesia34. This
contrasts with observations of an increase in albuminxreatinine ratios (from
2.7 to 4.7 mg/mmol) following induction of anaesthesia, with a further
increase peri-operatively (to 13.0 mg/mmol), and sustained post-operative
microalbuminuria on recovery35. It was suggested in both reports that micro-
albuminuria reflected increased vascular permeability.

The changes during induction of anaesthesia could be specific to the use of
certain agents, although the process of induction by whatever means is asso-
ciated with reduced glomerular filtration but increased filtration fraction, as a
result of increased intracapillary glomerular pressure, secondary to pressor
effects of angiotensin, catecholamines and prostaglandins. This would com-
pound the increased glomerular permeability due to the trauma of the sur-
gery, a situation analogous to that following non-surgical trauma or
burns32'33, where microalbuminuria is also described within 60 minutes of
the event, proportional to the severity of the stress, and transient, settling
within several hours. Persistent microalbuminuria under such circumstances
would suggest underlying sepsis or respiratory complications (vide infra).

Acute systemic illness

Transient proteinuria in acute illness was first documented over 60 years
ago36, and microalbuminuria has now been recorded in a variety of acute
medical situations. Presumably the microalbuminuria is a non-specific
response to the consequent haemodynamic alterations, complement activa-
tion and the release of kinins, prostaglandins, interleukins and other granu-
locyte factors which increase vascular permeability. As mentioned in Chapter
6, microalbuminuria is present in cardiac failure and following myocardial
infarction, and also accompanies febrile illnesses, seizures and pancreatitis.

Hemmingsen and Skaarup37 examined a battery of serum proteins during
febrile illnesses and noted that the proteinuria was due to both glomerular
and tubular dysfunction, with transient albuminuria ranging from 2.8 to
634.7 ug/min. The degree of fever (> 38 °C) was proportional to the amount
of tubular proteinuria, and independent of the actual infection. This sug-
gested that a centrally mediated release of, for example interleukins, was
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implicated in impaired reabsorption, although the increased plasma concen-
trations of some proteins as part of the acute phase response also played a
role. Tubular proteinuria tended to subside after a period of three days. The
mechanism of glomerular proteinuria (i.e. microalbuminuria) was somewhat
more complex and thought to reflect the release of vasoactive substances
from organisms, and the capacity of certain microbes to induce a low-
grade autoimmune glomerulonephritis following immune complex activa-
tion.

This could explain why albuminuria could persist for many days following
resolution of the febrile illness, but short-lived microalbuminuria and tubular
proteinuria is a feature of febrile conditions without associated infection such
as familial Mediterranean fever38'39. This suggests that tubular dysfunction
also plays a role in albumin excretion, although the earlier study suggested
that subclinical renal amyloidosis compromised orthostatic glomerular func-
tion, thus explaining why only increases in day-time albumin excretion were
observed.

The pattern of microalbuminuria following other acute illness is similar,
although the mechanism may differ somewhat. Transient proteinuria (and
microalbuminuria) following seizures is probably in the main due to myoglo-
binuria-induced tubular damage40, whereas microalbuminuria following pan-
creatitis is accompanied by increased IgG excretion, suggesting glomerular
dysfunction. Markers of tubular dysfunction have however also been noted
in acute pancreatitis41. Increased excretion rates of albumin and IgG have
been noted on admission in two-thirds of patients with acute pancreatitis42,
and it has been suggested that the level of protein excretion is proportional to
the extent of inflammation, and thus an aid to assess the prognosis and
intensity of management over the first 24 h following hospital admission.
The albuminuria usually subsides to normal over seven days.

In addition to the mechanisms alluded to previously in other acute ill-
nesses, pancreatic enzymes may additionally activate the complement system
leading to granulocyte release of anaphylotoxin C5a, which in experimental
systems increases vascular permeability.

Microalbuminuria in malignancy and AIDS

Microalbuminuria is an anticipated and prevalent feature of neoplasms of the
genito-urinary tract, and appears to be a prognostic marker for subsequent
mortality in this group3. It is less well appreciated that increased urinary
protein excretion has been described in association with a variety of non-
urothelial tumours, including epithelial cancers (e.g. lung, breast), lympho-
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and myeloproliferative disorders (including multiple myeloma), adenocarci-
noma (e.g. gastrointestinal and ovarian), and melanoma37'43"45. Increased
albumin excretion is also of prognostic importance in these conditions.

There has been extensive investigation into the clinical utility of so-called
tumour markers, primarily as an aid to assess response to treatment, and
thereafter to enable early detection of relapse. In practice the measurement of
urinary excretion of albumin and other plasma proteins is not a standard
procedure, apart from the measurement of low molecular weight tubular
proteins in serum and urine in cases of myeloma and lymphoma. This is in
part a reflection of the low specificity of microalbuminuria as a tumour
marker, as well as a realisation that the majority of tumour markers are
not sensitive enough to detect early relapse.

The mechanism of albuminuria or proteinuria in patients with malignant
neoplasms is usually due to deposition of tumour products or antigens in
glomerular basement membrane, or alternatively to deposition of immune
complexes in glomeruli. Therafter activation of the complement system and
release of vasoactive substances will alter glomerular albumin handling.
Release of kinins and tumour necrosis factor from bulk tumour could also
affect renal protein handling, and in the case of myeloma direct renal damage
to tubules is the major determinant not only of low molecular weight pro-
teinuria, but also of microalbuminuria.

Microalbuminuria in longitudinal studies in NIDDM and the elderly non-
diabetic population is a marker of subsequent cancer-related mortality in 20
% of cases3'4, and this complements findings in patients with a variety of
malignancies, where the presence of Albustix-negative proteinuria (up to 100
mg/1) is associated with a 22 % survival rate over four years, in comparison
with 36 % amongst those without detectable proteinuria43. In patients with
myeloma, albuminuria is not necessarily related to excretion of light chain or
other low molecular weight proteins, although a mixed pattern of glomerular
(i.e. albuminuria) and tubular proteinuria (i.e. oci-microglobulin and retinol
binding protein) can be present in up to 10 % of cases of myelomatosis, prior
to any reduction of glomerular filtration rate. Early detection of this type of
proteinuria could mark those at risk for renal involvement of myeloma, and
thereby affect management of such patients. Albuminuria is more evident
however, when accompanying Bence-Jones proteinuria, and it is thought
that this is mainly the consequence of increased permeability rather than
impaired tubular reabsorption, since such increases are not evident following
competitive inhibition in tubular protein absorption after intravenous admin-
istration of amino acids45.
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The relationship between microalbuminuria and infection with the human
immunodeficiency virus (HIV) has been examined, in view of frequent renal
involvement in acquired immunodeficiency syndrome (AIDS). This is usually
manifest as acute renal failure or moderately severe proteinuria, but early
detection of microalbuminuria could mark those at risk for progressive
nephropathy, particularly in cases with AIDS-associated nephropathy
(HIVAN), a syndrome characterised by normal renal filtration function,
nephromegaly, focal and segmental histological glomerulosclerosis, and a
rapid decline in renal function without any change in blood pressure.

The prevalence of microalbuminuria in non-hypertensive, non-azotaemic
subjects without dip-stick proteinuria has been estimated at 10-30 % in
ambulatory HIV-infected patients46'47, with the majority exhibiting full
blown AIDS or AIDS-related complex. Microalbuminuria was not corre-
lated with race, gender, risk factors for AIDS (e.g. intravenous drug
abuse), disease history, or concurrent drug therapy other than zidovudine
which was associated with three-fold greater concentrations in one study46

although not in another47. There was also no consensus as to whether greater
microalbuminuria was a feature of more advanced disease, but urinary albu-
min concentrations were correlated with CD4 T-cell and white blood cell
counts, tumour necrosis factor and serum a and pVmicroglobulin levels,
and tended to be more common in patients with a history of Pneumocystis
carinii pneumonia. The possibility that microalbuminuria could be associated
with progression of AIDS would require confirmation in a longitudinal
study, but these associations and the observation of raised urinary (32-

micr°-
globulin excretion, suggest that both glomerular and tubular dysfunction are
implicated in the microalbuminuria.

Drug and toxin-induced microalbuminuria

The variety of drugs known to induce proteinuria is legion. They essentially
act either by immune complex formation, non-denatured DNA antibody or
basement membrane antibody induction with subsequent glomerulonephri-
tis, acute lupus erythematosus or Goodpasture syndrome, by interstitial
nephritis, or by direct toxic effects or anaphylaxis acting on the renal tubules.

D-penicillamine is one of the drugs where screening for proteinuria is most
commonly carried out, but antibiotics, anti-hypertensive agents, heavy
metals, and anti-inflammatory drugs have all been implicated in protei-
nuria1'48 (Table 7.1).

At present there are only anecdotal reports of microalbuminuria without
clinical proteinuria as a result of drug therapy1, but it is inevitable that lesser
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Table 7.1 Types of drug-induced proteinuria
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Glomerular albuminuria

Immune complex
disease

D-penicillamine
Lithium
Gold
Trimethadone
Asparaginase
Fenprofen
Probenecid
Practolol

Tubular proteinuria

Anaphylactic

Foreign proteins
Antibiotics
Analgesics

Lupus syndrome

Hydrallazine
Procainamide
Methyldopa
Griseofulvin
Sulphonamides
Chlorpromazine
Nitrofurantoin
D-penicillamine
Isonicotinic acid

Directly toxic

Gold, mercury,
lead, bismuth,
cadmium, copper,
chromium, oxalate

Goodpasture
syndrome

D-penicillamine

Interstitial
nephritis

Antibiotics
D-penicillamine
Phenacetin

degrees of protein excretion will be evident in a proportion of cases, although
the clinical significance of such a finding is presently uncertain. In the major-
ity of cases the evident renal damage is reversible within months of cessation
of therapy.

Endocrine disease and microalbuminuria

Despite the knowledge that hormonal control of renal function plays an
important role in glomerular protein handling, little is known of microalbu-
minuria in endocrine disease, other than in acromegaly, a condition which,
like diabetes mellitus, is characterised by glomerular hyperfiltration. One
study has in fact shown that microalbuminuria may be an inconsistent fea-
ture of untreated acromegaly, but that overnight albumin excretion is
reduced by 22 % following treatment with the somatostatin analogue octreo-
tide49. By contrast, recombinant human growth hormone therapy does not
appear to increase microalbuminuria in children with short stature50.
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Table 7.2 Microalbuminuria as a non-specific marker of disease

Renal disease
Glomerulonephritis
Pyelonephritis
GU tract inflammatory disease
Pre-eclampsia
Renal graft rejection
Sickle cell disease
Leprosy
Refux nephropathy
Nephrolithiasis

Febrile illness
Familial Mediterannean fever
HIV infection - AIDS

Inflammatory disease
Pancreatitis
Rheumatoid arthritis
SLE
Trauma and surgery
Extensive Injury
Burns
Abdominal and vascular surgery
Induction of anaesthesia

Malignant disease
Epithelial (lung, breast)
Adenocarcinoma (renal)
Melanoma
Lymphoreticular

Circulatory disease
Myocardial infarction
Cardiac failure
Peripheral vascular disease
Hypertension

Skin disease
Psoriasis
Systemic sclerosis

Respiratory disease
COPD
Obstructive sleep apnoea
Hypoia at high altitude

Drugs
Penicillamine
Steroids

Endocrine disease
Acromegaly
Diabetes mellitus

Microalbuminuria in connective tissue and skin disease

Most types of connective tissue disease may be associated with endothelial
dysfunction and microvascular changes which theoretically could alter vas-
cular permeability, and renal involvement is also known to complicate sys-
temic lupus erythematosus (SLE) and progressive systemic sclerosis. In
systemic sclerosis microalbuminuria was noted in 2 out of 26 cases without
overt renal involvement, but the proportion increased to 25 % after a follow-
up period of 12 months51. Interestingly, withdrawal of nifedipine therapy had
no sustained consistent effect on microalbuminuria in these subjects. A high
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prevalence of microalbuminuria has been noted in SLE before the develop-
ment of structural renal changes, and excretion appears to decrease following
steroid therapy12. Microalbuminuria has also been associated with rheuma-
toid arthritis1. The mechanism of microalbuminuria in all these situations is
most likely to be predominantly enhanced glomerular permeability.

Psoriasis is another disorder where microvascular pathology may be a
feature, and where microalbuminuria has been recorded in as many as
40-50 % of normotensive subjects with diffuse psoriasis52'53. The degree
of microalbuminuria is directly related to the extent of skin involve-
ment53. There is thought to be an increased risk of cardiovascular risk
factors (hypertension and diabetes mellitus) and coronary atherosclerosis
in psoriasis; thus the interaction of microalbuminuria with blood pressure
and hyperglycaemia is likely to be cumulative and of pathophysiological
importance.

Microalbuminuria in respiratory disease

Microalbuminuria (> 10 mg albumin per mmol creatinine) has been noted
in 50 % of patients with chronic obstructive pulmonary disease (COPD),
although half had cor pulmonale54. The cardiac failure would of course
have promoted albuminuria in its own right. The associated increase in
excretion of N-acetyl-glucosaminidase suggests that tubular damage, per-
haps as a result of tissue hypoxia, may have contributed to the microalbu-
minuria, although tissue hypoxia may also have increased glomerular
permeability, and increased glomerular filtration would have been enhanced
by the increases in glomerular size and ANP concentrations seen in COPD.
A contribution from hypoxia is favoured by similar observations made in
chronic sleep apnoea55 and at high altitude56. The prognostic relevance of
the microalbuminuria could not be elicited from these cross-sectional
studies.
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8

The management of microalbuminuria in
diabetes mellitus and essential hypertension

DIABETES MELLITUS

Introduction

As discussed in previous chapters, the presence of persistent microalbumi-
nuria in insulin-dependent diabetic patients identifies a subgroup who will
eventually progress to end-stage renal failure and who are at high risk of
vascular disease. In non-insulin-dependent diabetes, the majority of patients
with microalbuminuria will succumb prematurely to vascular disease, the
minority who survive for long enough being at risk of progression to end-
stage renal disease or cancer-related deaths. Thus microalbuminuria encom-
passes a spectrum of risk, the balance in insulin-dependent diabetes being
towards renal disease and in non-insulin-dependent diabetes, as in the general
population, to large vessel disease. The management of diabetic patients with
microalbuminuria therefore has two main aspects: the reduction in the risk of
nephropathy, which is of major importance in insulin-dependent diabetes,
and the reduction in cardiovascular risk, which has predominance in non-
insulin-dependent diabetes. In practice, both aspects are obviously intercon-
nected, as measures to reduce renal risk may also reduce the risk of large
vessel disease and vice versa.

Consideration of the features associated with microalbuminuria, as
described in Chapter 4, and of the pathophysiological changes in diabetic
nephropathy leads to a number of obvious therapeutic avenues worthy of
exploration (Table 8.1). In dealing with the cardiovascular risk, in the
absence of controlled trials specifically in diabetes, the assumption is made
that measures which reduce the risk in the non-diabetic population will also
be effective in people with diabetes.

191
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Table 8.1 Possible therapeutic avenues in reducing renal risk in microalbumi-
nuria in diabetes mellitus

Functional aspects Structural aspects

Blood glucose Glycation
Systemic blood pressure Filtration surface area, charge and pore size
Intraglomerular pressure Basement membrane thickness
Growth factors Mesangial cell contraction
Angiotensins
Kallekrins
Prostaglandins

Monitoring the effects of intervention

Current knowledge of the natural history of microalbuminuria suggests that
in IDDM, the albumin excretion rate rises at approximately 20 % per year.
Thus, on average it will take 12-13 years for the AER to rise from 20 ug/min
to over 200 (a.g/min. Previous work suggests that, untreated, the average time
for progression from persistent proteinuria to end-stage renal disease is 8-10
years1. Thus, a total of 20-25 years might elapse between the first appearance
of microalbuminuria to the requirement for renal replacement therapy.
Obviously, it becomes exceedingly difficult to carry out studies using the
hard end-points of requirement for renal support, so that a variety of inter-
mediate or surrogate renal end-points have been used in almost all studies to
date. Little attention has been given as yet to cardiovascular morbidity or
mortality, again because of the time constraints.

Most observers would accept a decline in glomerular filtration rate (GFR)
as a good indicator of developing renal failure. Once persistent proteinuria is
present, the GFR inevitably declines, so that at this advanced stage of dia-
betic nephropathy it is possible to use changes in GFR as a study end-point.
However, patients with low levels of microalbuminuria may have a normal or
even high GFR. Only as the albumin excretion approaches the proteinuric
range does the GFR begin to fall. Thus, changes in GFR cannot be used as
an end-point in monitoring intervention in microalbuminuria, unless the
study continues for 5-10 years.

Serum creatinine concentrations are a less sensitive, albeit more readily
measured, indicator of renal function than GFR. Serum creatinine levels
are well within the normal range in microalbuminuria and in early protei-
nuria, only rising to pathological levels when persistent proteinuria has been
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present for some time. Thus, absolute levels of serum creatinine may not be
useful until late in the course of diabetic nephropathy.

However, it is well recognised that there is an individual linear relationship
between the inverse of the serum creatinine and time2 and the slope of the line
is used clinically to predict the time when renal replacement therapy will be
required, and to monitor changes in renal function with treatment after the
appearance of proteinuria. The regression slope of the line is only of prog-
nostic value when the serum creatinine is > 200 umol/12 and not in the
microalbuminuric range when serum creatinine is within the normal range3.

Other end-points, such as structural changes, are as yet relatively unre-
searched. Because of perceived risks in performing renal biopsies, particularly
in patients with microalbuminuria, there is currently little cross-sectional or
longitudinal information on the structural correlates of microalbuminuria.

Thus, most studies in microalbuminuria to date have used changes in
albumin excretion as their major end-point, expressing the outcome either
as absolute or fractional changes in albumin excretion rate or the number of
patients developing persistent proteinuria. The strength and consistency of
the association of persistent microalbuminuria to the later development of
end-stage renal disease supports this approach, although it remains possible
that alterations in albumin excretion do not reflect changes in glomerular
filtration accurately.

Management possibilities

Blood glucose control

Acute effects in long-term diabetes

The effects of changes in glycaemia at diagnosis of diabetes and in short-term
disease have been discussed in some detail in Chapter 4. Several studies have
demonstrated that acute changes in blood glucose control are associated with
short-term changes in albumin excretion in IDDM patients with relatively
long duration of diabetes. Viberti and colleagues4 studied seven patients with
insulin-dependent diabetes, selected because of elevated albumin excretion
rates, during ordinary metabolic control on subcutaneous injection therapy
and after 48-72 h of improved blood glucose control using continuous sub-
cutaneous insulin infusion (CSII). Mean 24-h blood glucose was around 11.5
mmol/1 on injection therapy and 5.6 mmol/1 on CSII. Urinary albumin excre-
tion fell from 38.3 (xg/min (range 18.3-70.8) on injection therapy to 17.4 ug/
min (range 5.5-37.1) on CSII (Fig. 8.1).
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Fig. 8.1. Urinary excretion (log scale) of albumin and p2-microglobulin
during ordinary and strict glycaemic control in seven initially
microalbuminuric IDDM patients who underwent continuous sub-
cutaneous insulin infusion for one to three days. Reproduced from
reference 4 with permission (copyright 1979 Massachusetts Medical
Society; all rights reserved).

The same group also studied eight insulin-dependent diabetic patients
whose 24-h urinary albumin excretion was normal under ordinary conditions
of life5. However, the peak albumin excretion rate after standardised exercise
on a bicycle ergometer was significantly higher in these patients than in
matched non-diabetic control subjects (approximately 30 versus 6 ug/min).
After a three-week period of improved glucose control using CSII, mean

was reduced from 12.1 to 10.0 % and pre-exercise blood glucose
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from 13.1 to 7.6 mmol/1. Peak albumin excretion rate on CSII was also
significantly reduced so that it was not different from that in the control
subjects.

Mathiesen and colleagues6 studied nine insulin-dependent diabetic patients
with microalbuminuria (AER 30-300 mg/24 h) and ten matched normoalbu-
minuric diabetic subjects, before and after seven days of improved glucose
control. Median blood glucose values were 15 mmol/1 during poor control
(induced by reduction in insulin dose in some cases) and 7 mmol/1 during
good control. Basal urinary albumin excretion was 60 (37-247) mg/24 h in
the microalbuminuric group and 7 (4-30) mg/24 h in the normoalbuminuric
patients. Urinary albumin excretion, fractional excretion of albumin, glomer-
ular filtration rate, transcapillary escape rate of albumin and extracellular
fluid volume did not change in either group during poor or good metabolic
control.

Thus in established IDDM patients, the effect of acute changes in meta-
bolic control seems controversial. In the studies cited above, patient age,
duration of diabetes and blood glucose concentrations during 'good' and
'poor' control all appear similar. Albumin excretion rates, however were
probably higher in the work by Mathiesen and colleagues6. Thus it may be
that only lower levels of 'microalbuminuria' are reduced by short-term
improvements in glycaemic control in long-duration diabetes.

Longer-term effects

Primary prevention The large scale Diabetes Control and
Complications Trial (DCCT) was designed primarily to examine the effect
of improved metabolic control on the development and progression of
retinopathy, but details on albumin excretion during a 4-h day-time
collection period were also gathered7'8. Seven hundred and twenty six
insulin dependent diabetic patients, aged 13-39 years, duration of diabetes
1-5 years, with no retinopathy and with albumin excretion < 40 mg/24 h,
entered the primary prevention cohort, and 715 with diabetes duration
1-15 years, with minimal retinopathy and albumin excretion < 200 mg/24
h entered the secondary prevention cohort. Randomisation with
stratification by cohort was to conventional or intensive care. The entire
cohort was followed for a mean of 6.5 years (range 3-9). A statistically
significant difference in HbA)c was maintained between the groups for the
duration of the study, the mean in the intensively managed group being
7.2 % and in the conventionally treated group 9.1 % (upper limit of
reference range 6.05 %). In the primary prevention cohort, the cumulative
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incidence of developing microalbuminuria was 16 % after nine years in the
intensively treated group and 27 % in the conventionally treated group
(p = 0.04, Fig. 8.2). The relative risk, adjusted for baseline AER, was 1.51
(95 % confidence limits 1.02-2.25) and the mean adjusted risk reduction
by intensive therapy 34 % (95 % CI 2-56). In the secondary cohort,
considering only those patients whose initial AER was < 40 mg/24 h (the
vast majority), the cumulative incidence of microalbuminuria was 26 %
after nine years in the intensively treated group and 42 % in the
conventionally managed group (/? < 0.001). The adjusted relative risk was
1.74 (95 % CI 1.26-2.39), giving a risk reduction on intensive therapy of
43 % (95 % CI 21-58). The cumulative incidence of more advanced
microalbuminuria (AER > 100 mg/24 h) in the primary prevention cohort
was 3.3 % after nine years in the intensively treated cohort and 7.0 % in
the conventionally managed group (ns). In the secondary cohort, the
equivalent cumulative incidences were 10.0 % and 20.2 %(p = 0.002). The
adjusted relative risk in the secondary cohort was 2.28 (95 % CI 1.35-
3.85), with a mean reduction in absolute risk of 56 % (95 % CI 26-74).
Only nine subjects in the primary cohort developed proteinuria, too
few for statistical analysis. In the secondary cohort, the cumulative
incidence of proteinuria was 5.2 % in the intensively treated group and
11.3 % with conventional care (p<0.01). The adjusted relative risk was
2.27 (95 % CI 1.21-4.23), giving a mean reduction in absolute risk of 56
% (95 % CI 18-76).
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Fig. 8.2. Cumulative incidence of urinary albumin excretion > 300 mg/24 h (dashed
line) and > 40 mg/24 h (solid line) in IDDM patients receiving intensive or
conventional therapy in the DCCT: (A) primary prevention cohort; (B)
patients with urinary albumin excretion <40 mg/24 h in the secondary
cohort. Reproduced from reference 7 with permission (copyright 1993
Massachusetts Medical Society; all rights reserved).
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It is noteworthy, however, that despite apparently much improved glycae-
mic control, some DCCT patients in the intensively managed group did
develop microalbuminuria and proteinuria. We await further analysis to
determine if these were patients with relatively poor control within the inten-
sively treated group: the 25th and 75th centile HbAlc values within the group
were approximately 6.5 % and 7.8 % , and less than 5 % of patients main-
tained HbAlc within the reference range (< 6.05 %) for the duration of the
study. Alternatively, other confounding factors, such as blood pressure, may
be as or more important than glycaemic control. Data from the UK
Microalbuminuria Study Group suggests that both glycaemic control and
blood pressure are important driving factors in the transition from normo-
to microalbuminuria9.

There are no other primary prevention studies exactly equivalent to the
DCCT, but in several smaller European studies the vast majority of patients
have had normal albumin excretion or very low levels of microalbuminuria at
entry (Table 8.2). These studies and a large amount of animal evidence would
support the findings of the DCCT that improved glycaemic control is effec-
tive in reducing the risk of nephropathy when the albumin excretion rate is
normal or only minimally elevated. One such study has also suggested that
improved glycaemic control may also have a beneficial effect on renal struc-
ture in insulin-dependent diabetic patients12. In this study, 18 patients with
initial overnight AER 15-200 ug/min were randomised to CSII or conven-
tional therapy. Renal biopsies were performed at baseline and after 2-3 years.
HbA)c declined from 10.1 to 8.6 % in the CSII group but was unchanged at
10.1% in the conventionally managed group. Of the structural parameters
measured, only basement membrane thickness increased significantly during
the follow-up in the CSII group, whereas basement membrane thickness,
matrix or mesangial volume fraction and matrix star volume all increased
in the conventionally treated group. The increases in basement membrane
thickness and matrix or mesangial volume fraction were significantly greater
in the conventional group compared to the CSII group. Interestingly, the
albumin excretion rates were stable throughout the study and similar in the
two groups (CSII: 27 (10-75) versus 34 (12-98) ug/min; conventional group:
28 (12-67) versus 32 (12-83) ug/min), with albumin excretion actually being
within the normal range in the majority of patients at baseline.

It is not clear whether the risk of progression of normoalbuminuria and
low-level microalbuminuria is continuous with increasing glycated haemoglo-
bin or whether there is a threshold, a level of glycated haemoglobin below
which the risk is only marginally increased. One retrospective study from the
Joslin clinic has suggested that there may be such a threshold14. In 1613



Table 8.2
diabetes

The effect of improved glycaemic control on the primary prevention of nephropathy in insulin-dependent

Study

DCCT 19937

Reichard 199310

Dahl-Jorgensen 198811

Bangstad 199412

Kroc 198413

Patients

albuminuria (%)

0
28
25

33

33

Duration
of study
(years)

9
7.5
2
4
2-3

0.75

Outcome

Positive
Positive
Negative
Positive
Negative

Negative at normal AER
Positive if AER > 12 ug/min

Achieved

CIT

9.1
8.5

10.5

9.7

10.3

HbAlc

IIT

7.1
7.1
9.0

8.6

8.0

reference HbAlc

<6.05
<5.7
<7.6*

<6.1

<7.6*

*HbA,.
CIT: conventional insulin therapy; IIT: intensified insulin therapy.
Reproduced from reference 146 with permission.
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IDDM patients, the mean albumin:creatinine ratio and HbAj over three
years were calculated and the risk of having microalbuminuria (albumin:
creatinine ratio 17 ng/mg (1.87 mg/mmol) in men, 25 ^g/mg (2.75 mg/
mmol) in women) calculated at each level of HbA]. A steep increase in risk
of microalbuminuria was seen around a total HbAt of 10.1 % or HbAic of
8.1 % and further statistical analysis supported the concept of a threshold or
breakpoint rather than a continuous relationship (Fig. 8.3). However, the
Diabetes Control and Complications Trial Research Group have been unable
to find such a threshold for nephropathy or retinopathy and suggest that
there is no level of HbA,c below which there is no risk of progression of
complications15. In addition, the proportional rate of reduction of the risk of
nephropathy was similar with proportional reductions in HbAlc above and
below 8.0 %. Although the concept of a threshold may be important in terms
of the aetiology of nephropathy and also in terms of the risk-benefit ratio of
improving glycaemic control, it is important to remember that all studies
demonstrate that any improvement in glycaemic control, even though nor-
moglycaemia is not achieved, is worthwhile in the primary prevention of
nephropathy.

Only one study, in relatively young (mean age 49 years), non-obese, insu-
lin-treated Japanese patients, has examined the effect of intensive insulin
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Fig. 8.3. Relationship between mean haemoglobin Ai values and the risk of
microalbuminuria in IDDM patients. Reproduced from reference
14 with permission (copyright 1995 Massachusetts Medical Society;
all rights reserved).
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therapy on the development of microvascular complications in NIDDM16.
Fifty one patients with no retinopathy and AER < 30 mg/24 h at baseline
were randomised to intensive or conventional insulin treatment. Mean HbAlc

over the six-year study was 7.1 % in the intensively treated group and 9.4 %
in the conventionally managed group (upper limit of non-diabetic range 6.4
%). The cumulative percentage incidence of the development of microalbu-
minuria or proteinuria was significantly lower in the intensive group (7.7
versus 28.0 %, p< 0.032). This study would appear to support the results
of the DCCT, although generalisation to obese, Caucasian NIDDM patients
may not be appropriate.

Secondary prevention Only two studies have been designed
specifically to examine the effect of improved blood glucose control on
progression from microalbuminuria to proteinuria17"19. In addition, a sub-
analysis of the 73 patients in the Diabetes Control and Complications
Trial who were microalbuminuric at entry has also been published8. In the
Steno study, 36 insulin dependent diabetic patients with microalbuminuria
(AER 30-300 mg/24 h) were matched in pairs for AER, HbAic and gender
and randomised to CSII or conventional insulin treatment17. Over 12
months there was a significant reduction in mean HbAlc from 9.5 to 7.3 %
(upper limit of reference range 6.3 %) in the CSII group, but unchanged
control in the conventionally treated group. No significant changes in AER
or GFR were seen over 12 months in either group, mean AER remaining
around 62 (range 31-300) mg/24 h17. Results were also reported at two
years18. Sustained improvement in metabolic control was seen in the CSII
group (median HbAic 7.2 %) with unchanged control in the
conventionally treated group (median HbAlc 8.6 %). Proteinuria (AER >
300 mg/24 h) developed in five patients in the conventionally treated group
but in none of the group on CSII. Absolute data on AER were not
reported, albumin excretion being expressed as either fractional clearance
of albumin or yearly percent change in AER from baseline. Fractional
albumin clearance was unchanged over 24 months in the CSII group, at
around 170 xlO7 but increased, apparently non-significantly, in the
conventionally treated group from 160 to 360 x 107. Although there was
no significant difference in these absolute values between the two groups,
the change from baseline in fractional albumin clearance was significantly
greater in the conventionally managed group. In addition, the mean
percentage change per year in AER was significantly greater in the
conventionally treated group, although the range of values in both groups
was large (conventional: +7(-65 to +88) % per year, CSII: -9(-53 to
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+ 43) % per year). In the discussion, the authors state that progression
was most likely in patients with initial AER > 60 mg/24 h, the median
increase in albumin excretion above this level being 45 % per year in the
conventionally treated group. However, the effect of improved blood
glucose control was apparently similar above and below this level.
Glomerular filtration rate fell on CSII from 109 ± 4 to 99 ± 5 ml/min/m2

and was unchanged on conventional therapy (116 ± 5 versus 114 ± 6 ml/
min/1.73 m2). The change in albumin excretion correlated with the mean
HbAic and with the change in mean blood pressure.

Although this study was formally terminated at the end of two years, and
patients allowed to change treatment modality, an open follow-up over five
years has been reported20, in which data from these patients has been com-
bined with results from similar patients in an earlier study. Although blood
glucose control was improved in the conventionally treated groups over the
entire study period, the fall in HbAlc was significantly greater in the inten-
sively treated groups. However, in the last three years of follow-up, there was
no significant difference in metabolic control. The change in albumin excre-
tion correlated to the mean HbA!c over the entire follow-up period. No
change in albumin excretion rate was observed in the 32 patients whose initial
AER was 30-99 mg/24 h. In the 19 patients whose initial AER was 100-300
mg/24 h, clinical nephropathy developed in all ten of those originally on
conventional therapy but in only two of the nine on intensive therapy.
Arterial hypertension (> 160/95 mmHg) occurred in seven of the ten on
conventional therapy and one of nine receiving intensive care. Glomerular
filtration rate declined significantly by 23 ml/min/1.73 m2 on conventional
treatment and non-significantly by 13 ml/min/1.73 m2 on intensive therapy.
The authors speculated that the beneficial effects on renal function of
improved glycaemic control may persist for longer than the actual period
of improved control, suggesting perhaps that the mechanism of improvement
is structural rather than haemodynamic.

The UK Microalbuminuria Collaborative Study Group have reported a
similar trial over five years19. Seventy insulin-dependent diabetic patients
with microalbuminuria (overnight AER 20-200 ug/min) were randomised
to intensive or conventional treatment. Blood glucose control was signifi-
cantly better in the intensively treated group for three years only, HbA] in
the conventionally managed group being around 9.8 % and in the intensively
treated group 8.9 % (upper limit of reference range 7.5 %). Six patients in
each group developed proteinuria (AER > 200 ug/min), 16 in the conven-
tionally treated group and 17 in the intensively treated group remained
microalbuminuric, and 12 and 13 respectively became normoalbuminuric,
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Fig. 8.4. Cumulative incidence of proteinuria in microalbuminuric IDDM
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tional therapy (thin solid line). Reproduced with permission from
reference 19.

with no significant difference between the groups (Figure 8.4). At the end of
the study, the mean AER was 48.2 ug/min in the conventionally treated
group and 47.6 ug/min in the intensively managed group.

In the DCCT, perhaps as a result of the selection criteria, only 73 patients
had microalbuminuria (AER 40-200 mg/24 h) at entry8. Fortuitously, 35
were randomised to conventional and 38 to intensive care. In each treatment
group, eight developed proteinuria, with AER > 200 mg/24 h, and the rate
of change of albumin excretion was similar. Unfortunately, no details of
achieved glycaemic control or confounding variables such as blood pressure,
have been published.

A number of other studies, primarily designed to examine the effect of
improved glycaemic control on the progression of retinopathy, have also
reported on albumin excretion10'11'13'21'22. All have purported to show that
improved blood glucose control slows or prevents the progression of micro-
albuminuria to proteinuria. However, all of these studies included patients
with both normo- and microalbuminuria at entry, and in most, the majority
of patients had albumin excretion within the normal range at baseline (Table
8.2). A meta-analysis has concluded that intensive therapy apparently
reduces the risk of progression of nephropathy, with an odds ratio of 0.34
(95 % confidence limits 0.20-0.58)23. Again, however, almost all of the studies
analysed included patients with normoalbuminuria and microalbuminuria or
exclusively normal albumin excretion.
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In 51 lean, relatively young, Japanese patients with microalbuminuria
(AER 30-300 mg/24 h), intensive insulin therapy reduced the risk of pro-
teinuria from 44.0 to 19.2 % (/?<0.049)16. The cumulative percentage
incidences of proteinuria were 11.5 and 32.0 % in the intensive and conven-
tional groups respectively (p < 0.044).

Thus, there is no doubt that improved glycaemic control is important in
the primary prevention of diabetic nephropathy. The benefits of intensive
management once microalbuminuria has developed are less apparent. The
small size of the available studies suggests that a type I18 or type 28'19 sta-
tistical error is possible. However, if the DCCT and MCS patient groups8'19

are combined, the sample size is large enough to detect a 33 % reduction in
the risk of progression to proteinuria, a reduction of similar magnitude to
that observed in many studies examining the effect of antihypertensive ther-
apy (vide infra). Blood glucose control in the UK Microalbuminuria
Collaborative Study19 was not ideal, and no information on achieved gly-
cated haemoglobin levels has been given for the microalbuminuric patients
included in the DCCT8. It is thus possible that tighter glycaemic control,
perhaps approaching normoglycaemia, may have an impact. However, such
strict control has its inherent risks, particularly of hypoglycaemia7. Overall,
there is currently no good evidence to suggest that improving glycaemic
control affects progression of microalbuminuria to clinical proteinuria.
Good glycaemic control is nonetheless an important factor in the manage-
ment of the other microvascular complications which often co-exist.

These longer-term results must also be reconciled with the acute studies,
where there is reasonable agreement that improving glycaemic control does
reduce albumin excretion. Part of the explanation may be that in the acute
studies, initial blood glucose levels were higher than in the later, longer-term
studies. In the presence of glycosuria, the normal glomerular vasoconstrictive
response to increased distal tubular flow is blunted, resulting in relative
hyperfiltration24. In hyperfiltering normoglycaemic insulin dependent dia-
betic patients, during hyperglycaemia (blood glucose 12.5 mmol/1), both
the filtration fraction and renal plasma flow are raised, whereas in normo-
glycaemia (blood glucose around 5 mmol/1), only the renal plasma flow is
elevated25. The precise level of glycaemia at which the haemodynamic
responses change is unknown, but it may be that when control is improved
in patients in particularly poor glycaemic control, the initial fall in blood
glucose, perhaps to levels under the renal threshold, leads to an acute reduc-
tion in filtration fraction with a consequent reduction in albumin excretion.
However, if the basal blood glucose concentration is already under the renal
threshold, then further lowering of the level will not reduce the filtration
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fraction and thus not affect albumin excretion. Such an argument might
suggest that changes in albumin excretion immediately following acute reduc-
tions in blood glucose are secondary to acute haemodynamic effects and only
occur when the blood glucose is reduced from a level above the renal thresh-
old. In the primary prevention of nephropathy by good glycaemic control,
these haemodynamic mechanisms may not be relevant. Instead, the preven-
tion of structural damage, such as glycation, loss of the anionic charge on the
basement membrane or retention of the normal pore size, may be of greater
importance.

Antihypertensive agents

As discussed in Chapter 4, cross-sectional studies have shown that blood
pressure is higher in microalbuminuric diabetic patients compared with
matched normoalbuminuric patients. In addition, the progressive rise in
albumin excretion from normo- to micro- to macroproteinuria is very closely
linked to steadily increasing blood pressure. It is thus not surprising that
much attention has been given to the effects of antihypertensive agents on
the progression of all stages of diabetic nephropathy.

It is now widely accepted that when persistent proteinuria is present, reduc-
tion in systemic blood pressure reduces proteinuria but more importantly
also slows the rate of decline in glomerular filtration. In general, blood
pressure has been reduced to < 140/90 mmHg and the rate of fall of GFR
from around 10 ml/min/year untreated to < 5 ml/min/year. Beneficial effects
have been demonstrated with a variety of ACE inhibitors26"30, diltiazem26

and P-blockers27"29'31'32, all with or without the addition of a loop or thiazide
diuretic. There is some evidence to suggest that treatment with ACE inhibi-
tors may be more beneficial than other agents in terms of greater slowing in
the fall of GFR28'29'33 and in reduction in the combined end-point of death,
dialysis or transplantation32, and that at least part of their effect may be
independent of any lowering of blood pressure. But what of the earlier
stage of microalbuminuria?

Acute and short-term effects of reduction of systemic blood pressure
on microalbuminuria

Intravenous injection of antihypertensive agents appears to reduce resting
albumin excretion immediately. In 12 insulin-dependent microalbuminuric
diabetic patients, intravenous injection of clonidine 225 \ig reduced systemic
blood pressure from 125/79 ± 13/8 to 104/68 ± 9/7 mmHg and albumin
excretion rate from 68 (31-369) to 46 (6-200) ug/min34. Fractional clearance
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of albumin fell in all patients whilst glomerular filtration rate was unchanged,
at around 111 ± 11 ml/min/1.73 m2. In IDDM patients with clinical protei-
nuria (AER 368-2979 |a.g/min), acute reduction of systemic blood pressure
with intravenous clonidine also reduces the transcapillary escape rate of
labelled albumin35.

The short-term effect of antihypertensive medication on exercise-induced
increases in albumin excretion is unclear. Two very small studies in normoal-
buminuric and microalbuminuric IDDM patients have suggested that meto-
prolol has no effect on albumin excretion, despite significantly reducing the
exercise-induced rise in systemic blood pressure36'37. However, captopril does
reduce exercise-induced increases in albumin excretion in normoalbuminuric
and microalbuminuric IDDM and NIDDM patients but not in non-diabetic
control subjects38. The effect of captopril on albumin excretion appears to be
greater than the effect of placebo and nifedipine, despite unchanged systemic
blood pressure with captopril39 (Fig. 8.5).
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Several studies have examined changes in albumin excretion over 4-6
weeks using a variety of antihypertensive agents. Entry criteria vary greatly,
measures of albumin excretion are not standardised and systemic blood
pressure quoted in different forms, making it difficult to compare studies.
However, in general all conclude that reduction in systemic blood pressure
over a few weeks leads to a significant reduction in albumin excretion in both
insulin dependent and non-insulin dependent diabetes. In hypertensive,
microalbuminuric NIDDM patients treated with enalapril or nicardipine
for 4 weeks, the reduction in systemic blood pressure (from 167/100 to
140/88 mmHg) and albumin excretion (from 33 to 20 ug/min in a 2 h clear-
ance study) was similar with the two agents40. A small group of 'normoten-
sive' microalbuminuric IDDM patients were randomly assigned to six weeks'
treatment with nifedipine slow release, captopril or placebo in fixed dose41'42.
In the placebo group, systemic blood pressure and albumin excretion were
unchanged. Blood pressure was reduced to a similar extent in the groups
receiving active agents, from around 136/80 to 129/76 mmHg, but albumin
excretion was unchanged in the group taking placebo, rose in those on nife-
dipine from 86 to 122 ug/min, and fell in those on captopril from 86 to 51 ug/
min.

Although these studies are of some interest, it is obviously difficult to draw
firm conclusions from such small studies conducted over a short time span.

Longer-term effects of lowering systemic blood pressure on
microalbuminuria

No studies have reported on the primary prevention of microalbuminuria
using antihypertensive agents. Four relatively large, randomised studies
have examined the effect of antihypertensive medication on the progression
of microalbuminuria to proteinuria over 2-5 years4 . The European
Microalbuminuria Captopril Study43 and the work from the North
American Microalbuminuria Study Group44 were essentially similar. In
both, microalbuminuric (AER 20-200 ug/min), normotensive (BP < 140/
90 mmHg) IDDM patients were enrolled to a two year study comparing
the effects of captopril 50 mg or placebo twice daily. Blood pressure at
baseline was similar in both studies, 124/77 mmHg or mean arterial pres-
sure around 92 mmHg. Mean arterial pressure was unchanged43 or rose by
2.8 mmHg44 over two years in the placebo-treated groups and fell by 3-7
mmHg in the groups taking captopril, a significant drop. AER rose in the
placebo groups but fell in the captopril groups, the difference between the
groups being significant. Significantly more patients taking placebo pro-
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gressed to persistent proteinuria in both studies. In the American study,
creatinine clearance was stable in those taking captopril but fell in the
placebo-treated group, the difference between the groups again reaching
significance.

The results from these two studies have been combined and analysed
together, a procedure which seems valid given the close similarities between
protocols45 (Fig 8.6). The risk of progression to proteinuria over 24 months
was reduced by 69.2 % (95 % CI 31.7-86.1; /?< 0.004). The degree of risk
reduction was essentially unchanged (62.9 %, CI 16.1-83.6) when adjusted
for changes in mean arterial pressure with time, suggesting that the beneficial
effects of captopril were at least in part independent of its blood-pressure-
lowering effects.

In a similar study in non-insulin-dependent diabetes, 94 patients aged less
than 50 years, with normotension (BP < 140/90 mmHg) and microalbumi-
nuria (AER 30-300 mg/24 h) were randomised to enalapril 10 mg daily or
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placebo46'47. Follow-up was every 3-4- months for five years, nifedipine being
added if blood pressure was consistently > 145/95 mmHg. In the enalapril
treated group, a fall in AER was seen in the first year, from 143 to 122 mg/24
h. Thereafter, AER rose progressively, to a mean of 140 mg/24 h at the end of
the study. In contrast, in the placebo group, AER rose throughout the study
to a mean of 310 mg/24 h by the fifth year. Six patients in the enalapril group
and 19 in the placebo group had final AER > 300 mg/24 h. Renal function,
expressed as the reciprocal of the baseline serum creatinine, was stable in the
enalapril group but declined by 13 % in the placebo group, this difference
being significant (Fig. 8.7). Mean blood pressure in both groups was around
98 mmHg at the beginning of the study, remained stable in those given
enalapril but rose from 99 to 100 mmHg (p = 0.082) in the placebo group.
However, three patients in the enalapril group and nine in the placebo group
required the addition of nifedipine. Interestingly, the frequency of the devel-
opment of any retinopathy was less in the group taking enalapril (18 versus
29 %,p< 0.002).

In a fourth study, Sano and colleagues48'49 have reported a four-year study
of treatment with enalapril in microalbuminuric, normotensive (BP < 150/90
mmHg) non-insulin-dependent patients. Enalapril 5 mg/day significantly
reduced the albumin excretion rate after four years from 115 ± 80 to
75 ± 45 mg/24 h, whereas in those receiving placebo AER rose from
94 ± 70 to 150 ± 145 mg/24 h. Other parameters, including systemic blood

Time, years

110

105

I 100
o

I 95

90

85

SO

75

, — '
— ,

Tuna, years
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treated with enalapril (A) or placebo (•). Reproduced from reference 46
with permission.
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pressure, creatinine clearance and glycated haemoglobin were similar in the
treated and untreated groups and were unchanged for the duration of the
study.

Thus, these four large studies demonstrate unequivocally that in both
IDDM and NIDDM patients with microalbuminuria, treatment with anti-
hypertensive medication will reduce albumin excretion and the risk of devel-
oping proteinuria. In addition, two of the studies have shown preservation of
glomerular function with active treatment44'46.

These reports consolidate and extend the findings of many previous, smal-
ler and shorter studies demonstrating the effects of a variety of antihyperten-
sive agents on albumin excretion. These are summarised in Table 8.3. In
almost all of the studies, the use of antihypertensive medication reduced
albumin excretion rate. The only exceptions were two small studies using
the thiazide diuretic hydrochlorothiazide52'55 and one using metoprolol55.
Interestingly, in both these studies a positive effect of ACE inhibition was
seen in parallel groups52'55.

Effects of antihypertensive agents on albuminuna independent of
systemic blood pressure - a specific intra-renal effect?

In several of the studies cited above, changes in albumin excretion have been
observed with minimal or no change in systemic blood pressure, leading to
the suggestion that antihypertensive agents and ACE inhibitors in particular
may reduce albuminuria by a mechanism independent of changes in arterial
pressure. An observational study of diabetic patients with end-stage nephro-
pathy and gross proteinuria first suggested this62 and work in microalbumi-
nuric patients would support the concept.

Mathiesen and colleagues53 followed 44 normotensive (mean blood pres-
sure 127/78), microalbuminuric (AER 30-300 mg/24 h) IDDM patients for
four years in an open, randomised controlled trial of captopril versus pla-
cebo. The initial dose of captopril of 25 mg daily was increased to a max-
imum of 100 mg daily in all treated patients, the aim being to prevent the
expected rise in systemic blood pressure and, if possible, to lower diastolic
blood pressure by 5 mmHg. Bendrofluazide 2.5 mg daily was added after 30
months. Perhaps surprisingly, clinic blood pressure was identical in the two
groups throughout the study and remained remarkably constant over the
four years; 24-h ambulatory blood pressure monitoring was performed
only once, at 36 months. Diastolic blood pressure was significantly lower
in those on active therapy at 0900 h and between 1900 and 2300 h, whilst
systolic pressure was lower at 2100, 2300 and 0100 h. However, the mean 24-h



Table 8.3 Studies examining the effects of antihypertensive agents on albumin excretion in microalbuminuric diabetic
patients

Study

Marre50

Marre51

Hallab52

Mathiesen52

MDNSG54

Lacourciere55

Hermans56

Slomowitz57

Chan58

Lebovitz59

Flack60

Romero61

Population

IDDM and NIDDM
IDDM and NIDDM
IDDM

IDDM

IDDM and NIDDM

NIDDM

IDDM
IDDM
NIDDM

NIDDM
NIDDM

NIDDM

(months)

6
12
12

48

12

36

36
4

12

36
12

6

Agent

ACE
ACE
ACE
Thiazide
ACE

ACE
Ca
P-Blocker
Thiazide
ACE
ACE
ACE
Ca
ACE
ACE
ACE
Indapamide
ACE

Blood

Initial

137/82
90a

94"
97"
127/78

102"
108"
159/95
162/99
158/95
170/100
130/77
166/91
174/92
101"
144/85
144/85
132/75

pressure

Final

124/72
86"
88"
90"
127/78

95"
99"
152/80
145/81
146/81
155/83
123/72
1
1
96"
136/80
135/77
127/68

Result

Pos
Pos
Pos
Neg
Pos

Pos
Pos
Neg
Neg
Pos
Pos
Pos
Pos
Pos
Pos
Pos
Pos
Pos

"mean arterial blood pressure, Pos: albumin excretion reduced, Neg: albumin excretion unchanged, J,: blood pressure reduced by
treatment.
ACE: angiotensin-converting enzyme inhibition; Ca: calcium channel blocking agent.
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systolic (124 versus 127 mmHg) and diastolic (71 versus 75 mmHg) pressures
were not statistically different (Fig. 8.8). Despite these very similar blood
pressure levels over the four years, seven of the patients taking placebo but
none of those taking captopril progressed to clinical proteinuria. Mean AER
rose from 105 (77-153) to 166 (83-323) mg/24 h in the untreated group, but
fell progressively from 82 (66-1060) to 57 (39-85) mg/24 h in those on cap-
topril. GFR was unchanged in both groups throughout. Thus, this study
would suggest that captopril may exert beneficial effects on renal function
in diabetic nephropathy without changes in systemic blood pressure.

Wiegmann and colleagues63 studied twelve normotensive, normoalbumi-
nuric IDDM patients and eight patients with microalbuminuria (AER 20-
200 ug/min) in a double-blind placebo-controlled study. Baseline casual sys-
tolic and diastolic blood pressure measurement were similar in the two
groups, as were 24-h systolic (126 ± 2.7 versus 124 ± 2.4 mmHg) and dia-
stolic (74 ± 1.9 versus 72 ± 1.9 mmHg) blood pressures after three months'
treatment with captopril 25 mg three times a day or placebo. There was a
substantial, although statistically non-significant, fall in 24-h AER on capto-
pril, from 59 ± 29.8 to 27.7 ± 13.9 ug/min. Results were not given for the
normoalbuminuric and microalbuminuric patients separately, although the
change in AER was significantly correlated to the initial AER.

In the combined report of the Microalbuminuria Captopril Study
Group45, the magnitude of the reduction in the risk of progression from
microalbuminuria to clinical proteinuria with ACE inhibitor treatment was
similar before and after adjustment for differences in arterial blood pressure
with time. This also supports the concept that the effect of ACE inhibition on
progression is not simply a consequence of reduction in arterial blood pres-
sure. These studies are in keeping with the results of meta-analyses which
have included studies at all stages of diabetic nephropathy64'65.

Possible mechanisms for an intra-renal effect of antihyper tensive
agents

In experimental diabetic glomerulosclerosis, single nephron glomerular filtra-
tion is raised, as a result of concomitant increases in glomerular plasma flow
rate and mean glomerular capillary hydraulic pressure66. These early haemo-
dynamic changes are thought by some to be primarily responsible for the
subsequent development of diabetic glomerulopathy67. Afferent, efferent and
total arteriolar resistance are all decreased in experimental diabetes, but the
decrease is most marked in the afferent arteriole (Fig. 8.9). There is thus
relative afferent arteriolar dilation, or efferent arteriolar constriction, so
that mean glomerular capillary hydraulic pressure and the glomerular trans-
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Fig. 8.9. Glomerular haemodynamics in normal (A) and diabetic animals
(B). In diabetes, afferent, efferent and total vascular resistance are
decreased, but the decrease is most marked in the afferent arteriole.
Thus, glomerular capillary hydraulic pressure and the glomerular
transcapillary pressure difference are increased.

capillary hydraulic pressure difference are increased67. After four weeks'
treatment with the ACE inhibitor enalapril, whole kidney glomerular filtra-
tion rate and single nephron glomerular filtration rate were similar in enala-
pril-treated diabetic and control diabetic animals67. However, because of a
significant fall in systemic blood pressure and in efferent arteriolar resistance,
the glomerular transcapillary hydraulic pressure difference was significantly
reduced in the enalapril-treated diabetic animals, to a level equivalent to that
in non-diabetic control animals. Animals given enalapril did not develop the
albuminuria or histological features seen in untreated diabetic animals
despite similar glycaemic control. This study has been interpreted as showing
that altered intra-renal haemodynamics are the cause of diabetic glomerulo-
pathy, and that ACE inhibition can normalise the intrarenal hypertension
and prevent glomerulopathy even in the face of continuing glomerular hyper-
filtration and hyperfusion.

Support for the above has come from several other studies. After 70 weeks
of therapy with either captopril or triple therapy (reserpine, hydralazine and
hydrochlorothiazide), efferent arteriolar resistance and mean glomerular
capillary hydraulic pressure were controlled in those animals receiving cap-
topril but not in those on triple therapy68. Albumin excretion and the number
of sclerosed glomeruli were significantly greater in the animals on triple
therapy compared to those on captopril.
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In a study of similar design in uninephrectomised diabetic rats, the same
group have compared the ACE inhibitor fosinopril with the calcium-channel
blocker nifedipine69. The rise in arterial blood pressure seen in untreated
diabetic animals did not occur in either treatment group, with both systolic
and diastolic pressures being similarly reduced for up to eight months. Mean
glomerular capillary hydraulic pressure and glomerular capillary ultrafiltra-
tion coefficient were reduced in those animals receiving fosinopril but
unchanged in animals given nifedipine. Albumin excretion and glomerular
sclerosis occurred to a similar degree in untreated diabetic animals and ani-
mals given nifedipine but both were significantly reduced in fosinopril-treated
animals.

More detailed histological assessment of the effects of ACE inhibitors
came in a study comparing the effect of enalapril in three groups of rats:
diabetic, spontaneously hypertensive and diabetic-spontaneously hyperten-
sive animals70. Enalapril treatment reduced systemic blood pressure, albumin
excretion and glomerular basement membrane thickness in all three groups
of animals compared with untreated animals. However, in a further, com-
parative study from the same group, the benefits of ACE inhibition appeared
similar to those of treatment with hydralazine plus metoprolol71, systemic
blood pressure, albuminuria, glomerular basement membrane thickness and
glomerular volume all being reduced to a similar extent but with neither
treatment having any effect on fractional mesangial volume. In a third
study using the same model, this group also reported a similar reduction in
albumin excretion after 12 weeks' treatment with the ACE inhibitor perindo-
pril or triple therapy with hydralazine, reserpine and hydrochlorothiazide72.
In a normotensive model, after 32 weeks' treatment with perindopril or triple
therapy, urinary albumin excretion, basement membrane thickness, frac-
tional mesangial volume and glomerular volume were all similar in the two
groups73.

However, in work from another group, a comparison of hydralazine and
enalapril in streptozotocin-diabetic male Munich-Wistar rats was per-
formed74. After 6-10 weeks, as expected untreated diabetic animals had
higher glomerular pressure and GFR than non-diabetic animals. Animals
receiving enalapril or hydralazine had similar reductions in arterial pressure,
but glomerular pressure was normalised only in the group given enalapril.
After one year, arterial pressure was similar in the two treated groups,
whereas glomerular pressure was normal only in those taking enalapril.
Albuminuria, glomerular sclerosis, glomerular cholesterol deposition and
serum cholesterol were significantly reduced in the enalapril group compared
to the control diabetic and hydralazine groups.
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Thus the current animal evidence suggests that ACE inhibition is more
effective in reducing intraglomerular pressure in the long term than other
classes of antihypertensive agents, but this sustained reduction in intraglo-
merular pressure does not necessarily confer added benefit in terms of pre-
vention of the histological abnormalities and albuminuria characteristic of
diabetic glomerulosclerosis. The reasons for the inconsistent findings are
unclear, but may relate to different animal strains and models, the interaction
of spontaneous hypertension and duration of therapy.

There are, however, other mechanisms by which ACE inhibition might
protect renal function and reduce proteinuria. The passage of albumin across
the renal basement membrane is also governed by properties of the mem-
brane itself, particularly pore size and negative charge. In the glomerulopathy
of experimental and human diabetes, the pore size is increased and negative
charge, particularly from the glycosaminoglycan heparan sulphate, is lost. By
measuring the fractional excretion of neutral dextran molecules of a wide
molecular size, several groups have demonstrated alterations in pore size
induced by treatment with ACE inhibitors63*75. After three months' treat-
ment with an ACE inhibitor, reduction in the clearance of all sizes of dex-
trans is observed, consistent with a reduction in transcapillary hydraulic
pressure as discussed above. However, the reduction in sieving coefficient
is greatest for the larger dextrans, and mathematical calculations have sup-
ported the idea of a reduction in the effective basement membrane pore size
and also a reduction in protein loss via the non-discriminatory shunt path.

Reddi and colleagues76 have examined the effect of 20 weeks' treatment
with an ACE inhibitor on basement membrane charge in streptozotocin-
diabetic rats. Systolic blood pressure and urinary albumin excretion were
lower in enalapril-treated diabetic animals compared with untreated diabetic
animals. After 20 weeks, animals were sacrificed and glomeruli isolated. As
expected, glomeruli from the untreated diabetic animals contained less
heparan sulphate proteoglycan and synthesised less in vitro than non-diabetic
control animals. In the diabetic, enalapril-treated animals, glomerular con-
tent and synthesis of heparan sulphate proteoglycan was restored to that of
the non-diabetic animals.

Thus, ACE inhibition may alter both the charge and the pore size in the
glomerular basement membrane in a beneficial way. These changes may be
independent of or secondary to the reduction in intraglomerular pressure
described above.

There is also some evidence to suggest that the beneficial effects of ACE
inhibitors may be mediated via routes other than by angiotensin converting
enzyme inhibition. Micropuncture haemodynamic studies were performed in
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streptozotocin-diabetic rats after 10-15 days of diabetes before and during
intravenous infusion of glycine77. In non-diabetic rats, glycine increased sin-
gle nephron plasma flow and glomerular filtration rate. Basal single nephron
plasma flow (SNPF) and SNGFR were similar in diabetic and non-diabetic
animals, but infusion of glycine had no effect in the diabetic rats, suggesting
loss of renal functional reserve. In animals given the ACE inhibitor enalapril,
SNPF, SNGFR and ultrafiltration coefficient increased with glycine, whereas
in animals given an angiotensin II receptor antagonist SNPF was unchanged
and SNGFR slightly but significantly decreased. Thus, the restoration of
renal functional reserve seen after administration of enalapril may not be
due to ACE inhibition and the fall in angiotensin II but to other mechanisms
such as an increase in bradykinin. Bradykinin is known to stimulate endothe-
lium-derived relaxing factor, which in non-diabetic rats plays a major role in
the renal response to amino acid infusion.

The effect of calcium channel blockers on intra-renal haemodynamics is
controversial, some studies suggesting a relaxation of the afferent glomerular
arteriole leading to increased intraglomerular pressure78 whilst others suggest
a relaxation of the efferent arteriole79. The class of calcium channel blocker
used may be important: in animal models of hyperfiltration, verapamil and
ACE inhibitors affect glomerular size and charge selectivity in a similar
fashion80 and in diabetic beagle dogs ACE inhibition and a diltiazem-like
compound both decrease proteinuria to a similar extent through a compar-
able reduction of intracapillary pressure and mesangial matrix expansion81.
Thus, calcium channel blockers other than nifedipine may be of use in dia-
betic nephropathy.

Trials comparing different classes of antihypertensive agents in
humans

Few long-term human studies have compared the effects of different anti-
hypertensive agents. These studies are difficult to carry out, as they require a
precisely similar effect of the agents on systemic blood pressure. The largest
study so far has been in 407 IDDM patients with advanced nephropathy33, in
which the addition of captopril to other antihypertensive therapy was asso-
ciated with significant reductions in the risk of doubling of the serum crea-
tinine, the rate of decline of creatinine clearance and in the risk of the
combined end-point of death, dialysis or transplantation, compared with
the addition of placebo. A smaller study in patients at a similar stage of
nephropathy compared the effects of enalapril and metoprolol for a mean
follow-up of 2.2 years29. The rate of decline in GFR was significantly less in
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those patients taking enalapril (2.0 versus 5.6 ml/min/year) and urinary albu-
min excretion was reduced by approximately 60 %. However, a small, two-
year study comparing captopril and atenolol in IDDM patients with early
clinical nephropathy found a similar effect on blood pressure, albuminuria
and total proteinuria82. The rate of decline of GFR was also similar, around
4 ml/min/year.

In microalbuminuria, the largest comparative study included both normo-
tensive and hypertensive insulin-dependent and non-insulin-dependent
patients followed for one year54. Perindopril and nifedipine had similar effects
on systemic blood pressure and albumin excretion. In another study, 21
microalbuminuric, normotensive (< 160/95 mmHg) IDDM patients were ran-
domised to one year's treatment with enalapril 20 mg or hydrochlorothiazide
25 mg once daily52. Mean arterial pressure was similar before (around 98
mmHg) and after one year's treatment (88 mmHg) in the two groups. Mean
urinary excretion of albumin fell from 59 (37-260) to 38 (14-146) mg/24 h
with enalapril and from 111 (33-282) to 109 (33-262) mg/24 h with hydro-
chlorothiazide. In the last three months of the study, in the enalapril group
five patients were persistently normoalbuminuric, 5 had low-level microalbu-
minuria and 1 high level microalbuminuria, whilst in the group taking hydro-
chlorothiazide the figures were one, three and six respectively.

A mixed population of hypertensive Chinese NIDDM patients with nor-
mal albumin excretion (« = 44), microalbuminuria (« = 36) and macro-
proteinuria (« = 22), were randomised to one year's treatment with
enalapril or nifedipine, the doses being adjusted to lower the systolic blood
pressure to < 140 mmHg58. Indapamide or frusemide were added if required
to meet this target. Significantly more patients in the enalapril group required
the addition of a diuretic. At one year, mean arterial blood pressure was
similar in the two groups, whereas albuminuria decreased by 54 % in the
enalapril group and by 11 % in the nifedipine group. Creatinine clearance fell
similarly in the groups but serum creatinine rose by 20 % in the enalapril
group compared with 8 % in the nifedipine group, a significant difference.
This rather concerning rise in serum creatinine may have been related to
acute haemodynamic changes and seems to be reversible.

One study in NIDDM patients, the majority of whom had normal albumin
excretion or very low-level microalbuminuria55, confirmed the beneficial
effects of ACE inhibition with or without a diuretic on albumin excretion
but, interestingly, failed to show any effect of metoprolol on albuminuria
despite a significant fall in systemic blood pressure.

Two other very short and small studies showed contrasting results, one
showing equivalent effects on microalbuminuria of enalapril and nicardi-
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pine40 whilst the other showed a reduction in AER with captopril but an
increase with nifedipine41'42.

In a small study of hypertensive (> 170/105 mmHg), microalbuminuric
NIDDM patients, subjects received either nitrendipine or enalapril for
eight months83. There was a non-significant fall in systolic pressure but a
significant fall in diastolic pressure with nitrendipine, and a significant fall in
systolic pressure and a non-significant fall in diastolic pressure with enalapril.
Excretion of albumin fell and excretion of epidermal growth factor rose
significantly with enalapril treatment, whilst both parameters were
unchanged with nitrendipine.

Thus, overall there is relatively strong evidence that ACE inhibition in the
late stages of diabetic nephropathy has effects which are independent of a
reduction in arterial pressure and are more efficacious than other classes of
antihypertensive agents in terms of renal and patient survival. However, in
microalbuminuria and early proteinuria, these superior benefits of ACE inhi-
bition, compared with other classes of antihypertensive agents, have not been
demonstrated clearly in controlled trials.

Possible deleterious effects of antihypertensive medication
Given that microalbuminuric diabetic patients already are more insulin resis-
tant and have more extreme dyslipidaemias than their normoalbuminuric
peers, the metabolic effects of antihypertensive drugs must be considered
carefully. Thiazide diuretics may worsen glucose tolerance and dyslipidae-
mias, but the antihypertensive effect of a low dose is equivalent to higher
doses and the metabolic effects may not be seen84.

The Hypertension in Diabetes Study Group85 reported the metabolic
effects of two years' treatment with captopril or atenolol in a large group
of hypertensive NIDDM subjects. Blood pressure reduction and rates of
hypoglycaemia were similar, but weight increase was higher (2.3 versus 0.7
kg) and serum triglyceride levels non-significantly higher on atenolol. In
addition, P-blockade may mask the warning signs of hypoglycaemia and
worsen peripheral vascular disease.

ACE inhibitors and calcium channel blockers are generally regarded as
being metabolically 'neutral' or even having a beneficial effect on glucose
sensitivity. In a 12-week study of Chinese NIDDM patients, circulating levels
of HbAi and apoB were reduced more by enalapril than nifedipine, whilst
blood pressure reduction was significantly greater with enalapril86. In a simi-
lar study, 30 hypertensive NIDDM patients were treated for three months
with either captopril, nifedipine or doxazocin87. A similar reduction in blood
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pressure was achieved with all three agents. Captopril and nifedipine were
considered to be metabolically 'neutral', fasting plasma glucose and HbAic

levels, and glucose, insulin and NEFA levels during an oral glucose tolerance
test all being similar to untreated levels. Insulin-mediated glucose uptake,
glucose oxidation and non-oxidative glucose disposal during a euglycaemic
insulin clamp were also all unchanged from baseline and similar in these two
treatment groups. However, after treatment with doxazocin, glucose and
NEFA concentrations during the oral glucose tolerance test were lower,
and glucose uptake and glucose oxidation during the clamp higher than in
the untreated state, suggesting that the a-blocker had a beneficial effect on
glucose and fat metabolism87. In IDDM, despite comparable hypotensive
effects, atenolol and doxazosin had different metabolic effects: fructosamine
and the total cholesterol:HDL cholesterol ratio rose with atenolol but not
doxazocin88.

An increase in serum creatinine may be observed soon after the introduc-
tion of an ACE inhibitor, particularly in NIDDM patients58. This may be
due to immediate alteration in intrarenal haemodynamics but also to
unmasking of atheromatous renal artery stenosis. The presence of peripheral
vascular disease might identify patients at particular risk of a significant
decline in renal function on commencement of an ACE inhibitor.
Hyperkalaemia may also be a problem, perhaps relating to autonomic neu-
ropathy and low serum renin and aldosterone levels.

Thus, when choosing an antihypertensive agent, the metabolic effects of
the agents and potential interactions with other concomitant diseases should
be considered (Table 8.4). Therapy should begin with a small dose which can
be titrated upwards gradually, with frequent monitoring of renal function in
the first few months.

Target blood pressure

Almost all of the studies described above have used a blood pressure level of
< 140/90 mmHg as an entry criterion or as a target level of treatment.
Justification for this cut-off comes from several studies showing that the
rate of decline in GFR is greater above this level89"91. However, in many
of the studies of microalbuminuric patients, it is clear that arterial pressure
was reduced much below this level (Table 8.3). Thus it may be that introduc-
tion of antihypertensive medication when arterial blood pressure is < 140/90
mmHg may be beneficial, especially in younger patients. Use of age and
gender-related centile charts may be worthwhile92, beginning antihyperten-
sive medication when the arterial pressure is above the 75th centile for age



Table 8.4. Summary of the effects of different classes of antihypertensive agents

Agent Advantages Possible disadvantages

ACEI

Ca channel blockers

oc-blockers

(3-blockers

Thiazide diuretics

Reduce albumin excretion
Preserve renal function
No or + ve effect on insulin sensitivity
No effect on NEFA
?Reduce serum lipids

Reduce albumin excretiona

No effect on insulin sensitivity
No effect on NEFA
Reduce albumin excretion
+ ve effect on insulin sensitivity
+ ve effect on NEFA
Reduce albumin excretion
Preserve renal function

Precipitous decline in renal function
Hyperkalaemia

No evidence on effect on renal function
Peripheral oedema*

No evidence on effect on renal function

Raise serum lipids
Reduce insulin sensitivity
No effect on albumin excretion or renal function13

Deleterious effect on lipidsb

Deleterious effect on insulin sensitivity15

ACEI: Angiotensin converting enzyme inhibitors.
*Dihydropyridine derivatives.
aExcept nifedipine, bExcept bendrofluazide 2.5 mg daily. +ve: Beneficial effect.
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and sex, and aiming to lower it to < 50th centile. Alternative approaches are
to reduce blood pressure to around 130/80 mmHg or indeed to commence
ACE inhibitor therapy regardless of the level of blood pressure. Our current
pragmatic approach is to begin therapy if systemic blood pressure is > 130/80
mmHg in younger patients and > 140/90 mmHg in older subjects. In younger
subjects, angiotensin-converting enzyme inhibitors are the first line choice
unless there are contraindications to their use. In older patients, ACE inhi-
bitors should be used cautiously, commencing with a small dose and titrating
upwards gradually to the maximum tolerated dose, with frequent checks on
serum creatinine and potassium. If ACE inhibitors are not tolerated or are
contraindicated, calcium channel-blocking drugs or alpha-blocking agents
should be considered.

In the primary prevention of nephropathy, treatment of normotensive,
normoalbuminuric patients with ACE inhibitors is of interest because of
their effects on renal haemodynamics. Indeed, a three month study has
shown that treatment with ACE inhibitors reduces fractional albumin excre-
tion and filtration fraction in such patients93. Currently however it is not
realistic to treat all IDDM patients from diagnosis with ACE inhibitors in
the hope of preventing or delaying nephropathy in only a minority.

Dietary manipulations

Low protein diet

Experimental evidence suggests that dietary protein contributes to the rise in
intraglomerular pressure and the increase in glomerular nitration rate
observed in diabetes and which is thought to be implicated in the develop-
ment of glomerular sclerosis94'95. Manipulation of dietary intake has there-
fore been tried therapeutically. In clinical proteinuria, a reduction of protein
intake by approximately half has been shown to reduce proteinuria in the
short term96'97 and the rate of decline of GFR in the longer term98"100. Few
studies have included microalbuminuric patients.

In a small study of 12 IDDM patients, with either normal albumin excre-
tion or microalbuminuria, dietary change from their usual protein diet (about
103 g protein/day) to a low protein diet (about 45 g/day, half from animal
and half from vegetable sources) lowered AER, GFR and nitration fraction
whilst renal plasma flow and renal vascular resistance were similar after three
weeks101. In eight microalbuminuric IDDM patients, a reduction in protein
intake of approximately half to 47 g protein/day for three weeks significantly
lowered AER, glomerular filtration rate and fractional excretion of albu-
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min102. The effects of reducing protein intake may be most marked on
patients who are initially hyperfiltering103.

In a two-year study, 30 IDDM patients with initial overnight AER 10-
200 ug/min were randomised to continue their usual protein diet (1.05 ±
0.32 g protein/kg body weight/day) or to a low protein diet104. The diets
were isocaloric, with a similar amount of vegetable protein, but more car-
bohydrate in the low protein diet. The target of the low protein diet was an
intake of 0.6 mg/kg/day; however, the actual mean intake was 0.79 ± 0.16
mg/kg/day, significantly less than on the usual protein diet. Only 7 out of
14 patients consistently achieved an intake < 0.8 mg/kg/day. Baseline AER
was around 36 ug/min in the low protein diet and 31 ug/min in the group
continuing on their usual diet. There was a small but apparently significant
drop in AER to 30 ug/min over the two years in those patients on the lower
protein diet, whilst AER was unchanged in the group on the usual diet.
However, AER, expressed as absolute values or as a percentage of baseline,
was not statistically different in the two groups at any time point over the
two years (Fig. 8.10). In the subgroup of patients with baseline AER >20
ug/min, AER in those on the low protein diet fell from 91 to 70 ug/min,
but was steady at 49 ug/min in those consuming their usual diet. Systolic
and diastolic blood pressure in the two groups were similar at baseline (130/
80 mmHg) but mean arterial pressure tended to be higher in the group on
reduced protein intake, the overall difference in mean arterial pressure
between the two groups being 3.5 mmHg (p<0.09). In multiple regression
analysis, the prevailing mean arterial pressure and duration of diabetes
independently contributed to the progression of microalbuminuria, whereas
the decrease in dietary protein intake reduced microalbuminuria (p < 0.005).
When the change in AER was adjusted for mean arterial pressure and
duration of diabetes, the mean fall in AER in the low protein group was
26 %, compared with a 5 % increase in the usual diet group (difference
between the groups p < 0.005). The low protein diet led to a fall in effective
renal plasma flow and GFR (indirectly via the effects on ERPF) at one
year, with only minor changes in renal haemodynamics occurring in the
second year.

Thus, there is a limited amount of evidence to suggest that reducing the
total amount of dietary protein intake reduces microalbuminuria in the short
and long term. The strength of the evidence and the difficulties with com-
pliance perhaps suggest that moderating protein intake perhaps to around 1
g/kg body weight/day, rather than true restriction, is appropriate.
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Fig. 8.10. The effects of reduction of dietary protein intake in IDDM patients from
1.05 (o) to 0.79 (•) g/kg body weight/day. (A) Urinary albumin excretion
rate (UalbV). (B) Percentage change in urinary albumin excretion rate,
unadjusted. (C) Percentage change in urinary albumin excretion rate
adjusted for mean arterial pressure and diabetes duration. (D) Mean arterial
blood pressure throughout the study. Mean ± SEM. Reproduced form
reference 104 with permission.

Type of dietary protein
The source of dietary protein, in addition to the total amount, may also be
important. In a short study in small numbers of insulin-dependent patients
with microalbuminuria or proteinuria, albumin excretion fell after eight weeks
on a diet where the major source of protein was predominantly vegetable
rather than animal105. The fall in albumin excretion was not accompanied
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by changes in glycaemic control or blood pressure, although the total dietary
protein intake was slightly but significantly lower on the vegetable diet.

In another study, a group of normoalbuminuric insulin-dependent diabetic
patients followed three diets each for three weeks: usual protein diet (1.4 g
protein/kg body weight/day); test diet (chicken and fish substituted for red
meat at 1.4 g/kg body weight/day); low protein diet (0.5 g/kg/day)106. In the
group as a whole, isotopically measured GFR fell significantly on the test and
the low protein diets, and to a similar extent. On subgroup analysis, it was
apparent that the change in GFR was confined to those patients who were
hyperfiltering at baseline, GFR falling from around 160 to 130 ml/min/1.73
m2. Albuminuria was unaffected by the dietary changes.

Fatty acids

Because of the increased cardiovascular mortality and the disadvantageous
lipid and lipoprotein profiles in patients with microalbuminuria, it would seem
appropriate to recommend a diet low in saturated and high in polyunsatu-
rated fats such as linoleic acid. However, the renal effects of linoleic acid are
controversial. In normal subjects, a high dietary intake of linoleic acid has
been reported to stimulate creatinine clearance, perhaps by increasing the
synthesis of vasodilatory prostaglandins107. A two-year study has been per-
formed in 38 insulin-dependent diabetic patients with overnight AER 10-200
(ig/min108. Patients were randomised to a diet with increased polyunsatura-
ted:saturated fatty acid ratio of 1.0 by replacement of saturated fat with
linoleic acid products or to continue their usual diet (polyunsaturated: satu-
rated ratio 0.6). In the group consuming their usual diet, albumin excretion
increased non-significantly by 16 % during the second year, whereas in the
group taking a modified diet, albumin excretion rose 58 % in the first year and
55 % in the second year. Glomerular filtration rate, mean arterial blood
pressure and glycated haemoglobin were similar in the two groups.

A three-week study in ten microalbuminuric NIDDM patients of a diet
rich in monounsaturated fat found no effect on 24-h blood pressure, albumin
excretion rate, glycaemic control, and serum lipid levels, although the
LDL:HDL rato was reduced109. Thus increasing the ratio of dietary poly-
unsaturated:saturated fat intake does not have a beneficial effect on renal
function and may even be deleterious.

In a double-blind crossover study in IDDM patients with high micro-
albuminuria or proteinuria, the effects of eight weeks' supplementation with
cod-liver oil or olive oil on endothelial permeability, blood pressure and
plasma lipids were compared110. Significant reductions in blood pressure
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and transcapillary escape rate of albumin were seen with cod-liver oil but
not olive oil. Plasma HDL concentrations increased and VLDL-cholesterol
and triglycerides decreased with cod-liver oil whilst LDL-cholesterol con-
centrations were unchanged. In contrast, with olive oil, LDL-cholesterol
decreased, VLDL cholesterol and triglycerides increased and HDL-choles-
terol was unchanged. GFR and albumin excretion were unaffected by sup-
plementation with either oil. Thus the overall value of such dietary
manipulation is uncertain.

A ntiprostaglandins

It has been suggested that hyperfiltration and raised intraglomerular pres-
sure are at least partly dependent on high concentrations of vasodilatory
prostaglandins. In two small studies of IDDM patients with nephropathy
(AER 200-972 ug/min and GFR 94^155 ml/min/1.73 m2)111 and microal-
buminuria112, urinary excretion of prostaglandin E2 was significantly ele-
vated compared with normoalbuminuric IDDM patients. Following three
days' treatment with indomethacin 150 mg/day, urinary prostaglandin E2

excretion, AER and fractional clearance of albumin were all significantly
reduced. GFR was reduced in proteinuric but not microalbuminuric
patients.

In another small study of young insulin-dependent diabetic patients with
microalbuminuria, indomethacin (1 mg/kg) given orally 2 h before a standard
exercise test significantly reduced the rise in AER with exercise, without an
effect on systemic blood pressure37.

It is obviously difficult to draw long-term conclusions from these very
short studies.

Aldose reductase inhibitors

An increase in aldose reductase mRNA and activity and increased glomeru-
lar accumulation of sorbitol113 has been reported in experimental diabetes.
Albumin excretion is reduced, but not to normal, by two structurally differ-
ent aldose reductase inhibitors, ponalrestat and sorbinil, given from the time
of induction of streptozotocin diabetes114. Both inhibitors also reduced the
glomerular production of prostaglandins, but again not to normal, and with-
out an effect on glomerular filtration rate. This suggests that the effect of
aldose reductase inhibitors on albumin excretion is not mediated by changes
in glomerular filtration brought about by reduction in glomerular production
of prostaglandins.
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Other investigators have examined the effects of the aldose reductase inhi-
bitor tolrestat begun two months after the induction of streptozotocin dia-
betes in animals with low (0.2-1.0 mg/24 h) and high (1.9-5.9 mg/24 h) rates
of albumin excretion115. After six months, albumin excretion was reduced
only in the group with initially low rates. However, total proteinuria was
reduced in both groups. In another study, using male Sprague-Dawley strep-
tozotocin diabetic rats, sorbinil 20 and 50 mg/kg for three months, had no
effect on albuminuria, kidney weight or glomerular filtration rate, despite
completely preventing renal cortical accumulation of sorbinil116.

In a six-month, placebo-controlled study of the effects of tolrestat 200 mg/
day in 20IDDM patients with microalbuminuria (AER < 300 ug/day), GFR
fell from 158 to 124 ml/min/1.73 m2 on active treatment whilst renal plasma
flow was unchanged; thus filtration fraction fell117. This was accompanied by
a significant fall in AER from 219 ± 32.5 to 159 ± 19 mg/24 h, with a
significant correlation between GFR and AER in the group taking tolrestat
only. All parameters remained constant on placebo treatment.

Thus the effects of aldose reductase inhibitors are unclear and their clinical
use is limited because of side-effects. We await trials of a new generation of
agents with interest.

Inhibition of advanced glycation end-product formation

The formation of advanced glycation end-products can be measured by
collagen-related fluorescence at specific wavelengths. In streptozotocin dia-
betes in the rat, fluorescence is increased in aorta and kidney118.
Treatment with aminoguanidine prevents the increase in fluorescence in
aorta, isolated glomeruli and renal tubules, and also prevents the rise in
albuminuria and expansion of mesangium without affecting basement
membrane thickness.

In chronically hypertensive, diabetic rats, aminoguanidine decreases the
urinary albumin excretion rate by 75 %, without an effect on blood pres-
sure119. Work from another group has suggested that eight weeks' treat-
ment with aminoguanidine has no effect on urinary albumin excretion in
the streptozotocin diabetic rat, but does reduce the clearance of radiola-
belled iodine in various organs, including the eye, muscle and skin, but not
lung120.

Aminoguanidine also prevents the formation of interleukin-1-induced
nitrite formation and cGMP accumulation, suggesting that aminoguanidine
inhibits the formation of nitric oxide and may therefore be useful in prevent-
ing the vascular complications of diabetes121'122.
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Work with inhibitors of cross-linking is currently in progress in proteinuric
diabetic patients.

Heparin and glycosaminoglycans

Heparin treatment has been shown to ameliorate proteinuria and histological
changes in several experimental models of mesangioproliferative disease,
including streptozotocin diabetes123'124. The mechanism of action of heparin
is unclear, but heparin is known to stimulate the synthesis and sulphation of
heparan sulphate proteoglycans in endothelial cells in vitro and to inhibit
glomerular epithelial and mesangial cell proliferation, possibly via interac-
tions with a variety of growth factors125"128.

One human study has been reported of microalbuminuric IDDM
patients129. Both unfractioned and whole heparin significantly reduced albu-
min excretion in a three-month treatment period. However, in a six-month
study in streptozotocin diabetic rats, although heparin treatment prevented
the increase in basement membrane thickness and mesangial volume classi-
cally seen in diabetes, albumin excretion was increased ten-fold with
heparin130. Thus the value of heparin treatment remains unclear.

The use of the naturally occurring glycosaminoglycan sulodexide, which is
extracted from porcine intestinal mucosa and which contains a fast-moving
heparan-like fraction, has also been explored. Twelve hypertensive, insulin-
treated NIDDM patients with either micro- or macroalbuminuria partici-
pated in a double-blind placebo-controlled study with four months active
treatment131. Plasma fibrinogen levels were reduced significantly with active
treatment, whilst a non-significant reduction in systolic blood pressure was
observed. Albumin excretion decreased significantly on active treatment, and
in the group given sulodexide first, AER remained reduced during the sub-
sequent four month treatment with placebo. However, these results may have
been influenced by two patients in whom very large changes in AER occurred.
Further work with these compounds is obviously required.

Lipid lowering agents

Dyslipidaemias are common in diabetic patients with proteinuria and may
contribute to the high cardiovascular mortality in patients with nephropathy.
The presence of lipid abnormalities in diabetic patients with microalbumi-
nuria suggests that the dyslipidaemia may not simply occur secondary to the
renal disease but is an integral part of the process. Several studies132'133'134,
including several in diabetes49'135'136 suggest that the hyperlipidaemia may
contribute to the development and progression of renal disease. One three-
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month study has examined the effects of simvastatin in proteinuric IDDM
patients137. There was a significant reduction in serum total- and LDL-cho-
lesterol on active treatment, but no change in albuminuria or glomerular
filtration rate. In a two-year, placebo-controlled study of proteinuric
NIDDM patients, lovastatin was given in a dose sufficient to reduce total
serum cholesterol to <5.2 mmol/1138. Total serum cholesterol was reduced
from a mean of 6.6 to 4.9 mmol/1, LDL cholesterol from 4.3 to 3.0 mmol/1,
HDL cholesterol was unchanged at 1.1 mmol/1 and triglycerides unchanged
at 2.2 mmol/1. GFR was unchanged in patients receiving lovastatin but fell
significantly in those taking placebo (Fig. 8.11).

Zhang and colleagues139 performed a double-blind, randomised, cross-
over study of 12 weeks' treatment with pravastatin 20 mg or placebo in 20
microalbuminuric IDDM patients. Plasma total cholesterol (5.4 versus 4.8
mmol/1) and LDL-cholesterol (3.2 versus 2.6 mmol/1) were significantly
reduced on active treatment, but albumin excretion remained unchanged at
around 65 ug/min. It is perhaps optimistic to expect changes in albumin
excretion in such a short time, and over much longer periods, in both
IDDM and NIDDM patients, the total serum cholesterol concentration is
significantly related to percent changes in albumin excretion rate49'140.
Intriguingly, in addition, in two studies in NIDDM patients with microalbu-
minuria or proteinuria, treatment with ACE inhibitors has apparently led to
a significant reduction in serum total cholesterol levels140'141, along with a
beneficial effect on albumin excretion and renal function. The mechanism of
action, and whether this is a direct effect or simply secondary to beneficial
effects on renal function, remains unknown142. However, the data adds
weight to the argument that ACE inhibitors have beneficial metabolic effects.
Further work is obviously needed.

Growth factor antagonists

A role for many growth factors has been suggested in the development of
diabetic nephropathy, in particular for growth hormone and insulin-like
growth factor 1 (for review see Flyvbjerg and colleagues143). However, little
work has been done in human diabetic nephropathy. In one study, the
synthetic analogue of somatostatin, octreotide, was infused acutely in normo-
tensive, normoalbuminuric insulin-dependent diabetic patients. GFR and
renal plasma flow were reduced, whilst filtration fraction and total renal
resistance rose144. Urinary albumin excretion, blood pressure and blood
glucose levels were unchanged and plasma growth hormone and glucagon
levels were suppressed. The reductions in GFR and renal plasma flow corre-
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Fig. 8.11. Changes in glomerular filtration rate (A), serum creatinine (B) and
24-h urine protein excretion (C) in proteinuric NIDDM patients
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Springer-Verlag).

lated to the fall in circulating glucagon levels. An antidiuretic effect of the
drug was also observed, with no change in arginine vasopressin, atrial
natriuretic peptide, angiotensin II or aldosterone. In a nine month study of
the long-acting somatostatin analogue somatulin, in hyperfiltering IDDM
patients, GFR and RPF were significantly reduced after three months' active
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treatment compared to placebo145. However, after nine months, no significant
differences in GFR, RPF or AER were seen between the treatment groups.

It is likely that major advances will arise in this field of work in the future.

Other management factors

Patients with microalbuminuria are more likely to have evidence of other
microvascular complications of diabetes and are at higher risk of cardiovas-
cular disease. Screening for and management of retinopathy, neuropathy and
peripheral vascular disease should thus be undertaken with special care, and
efforts made to reduce cardiovascular risk factors, particularly smoking and
dyslipidaemias. As discussed above, this may also reduce the rate of progres-
sion of the renal disease. Because of the very high risk of large vessel disease,
an argument could be made for prophylaxis with aspirin146.

Overall conclusions and practical management of diabetic patients
with microalbuminuria

For both IDDM and NIDDM patients, there is now good evidence that
active treatment, particularly with antihypertensive agents, will reduce the
rate of progression to proteinuria, and some evidence that the rate of decline
of GFR is also slowed. The effect of improving blood glucose control is
currently uncertain and a reduced protein intake has been shown to be ben-
eficial only in the relatively short term. The use of all other agents is currently
limited to trials. It should be remembered that no trial has yet shown any
cardiovascular benefit. This is particularly important for patients with non-
insulin-dependent diabetes, where the risk of large vessel disease vastly out-
weighs the risk of end-stage renal disease. However, there is no a priori
reason why we should not aim for a reduction in classical cardiovascular
risk factors. Plans of management for microalbuminuric diabetic patients
are shown in Tables 8.5 and 8.6. In the choice of therapeutic agents, it is
important that deleterious metabolic effects, particulary on insulin sensitivity
and lipid levels, are avoided if possible.

ESSENTIAL HYPERTENSION

It is perhaps surprising that, since Parving and colleagues observed increased
albumin excretion in insufficiently treated benign essential hypertension147,
there has been relatively little research into the impact of treatment of micro-
albuminuria on the clinical outcome of essential hypertension.
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Table 8.5. Management of microalbuminuria in WDM

Objective

Reduce risk of end-stage renal disease
Reduce risk of cardiovascular disease
Reduce impact of other complications

Aims
Normal albumin excretion

Targets
?HbAlc less than 7.5%
Blood pressure < 75th centile for age and sex

(maximum 140/90 mmHg; ACE inhibitors first line)
Moderate dietary protein intake

(1 g/kg body weight/day)
Non-smoking
Serum total cholesterol < 5.2 mmol/1; LDL-cholesterol < 3.9 mmol/1
?Aspirin

Table 8.6. Management of microalbuminuria in NIDDM

Objective
Reduce risk of premature vascular death
Reduce risk of end-stage renal disease

Aims
?Normal albumin excretion rate

Targets
Blood pressure < 140/90 mmHg (ACE inhibitors with caution)
Serum total cholesterol < 5.2 mmol/1; LDL-cholesterol < 3.9 mmol/1
Non-smoking
Aspirin
?HbAlfl < 7.5%

Pedersen and Mogensen148 examined the impact of two months' treatment
with the beta blocker alprenolol in 20 patients with moderate to severe
hypertension. Left ventricular hypertrophy was present in over 50 % of
cases, and a similar proportion required the addition of hydrallazine to
achieve adequate blood pressure control. Blood pressure reduction was
accompanied by falls in albumin excretion, although those whose diastolic
pressure fell below 100 mmHg achieved lower albumin excretion rates. The
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improvements were not accompanied by changes in renal plasma flow (RPF)
or glomerular nitration rates (GFR), and neither renal haemodynamic mea-
sure was correlated with albumin excretion. A later study from the same
group149 suggested that long-term propranolol treatment does not abolish
exercise-induced albuminuria but is associated with a modest reduction in (32-
microglobulin secretion, and an exaggerated fall in GFR and RPF.

This in part can be interpreted as a demonstration that the mechanism of
exercise-induced protein excretion is complex, and the consequence not only
of systemic and renal haemodynamic changes, but also of changes in capil-
lary permeability and tubular function, in part mediated by prostaglandin
and the renin-angiotensin-aldosterone systems. This is supported by the lack
of change in albuminuria despite altered GFR and RPF, and other reports of
reductions in AER in response to non-steroidal anti-inflammatory drugs in
salt-replete healthy subjects basally and following submaximal exercise, with-
out accompanying changes in blood pressure and renal haemody-
namics150'151. Notwithstanding these findings, effective antihypertensive
treatment in general seems to reduce microalbuminuria in mild to moderate
essential hypertension.

More recent reports have attempted to examine whether the type of hypo-
tensive agent is important in determining the change in albumin excretion. At
present (3-adrenergic blockers have been studied in most detail. Although the
pharmacological properties of these agents can vary according to their degree
of water or lipid solubility, cardioselectivity, and intrinsic sympathomimetic
activity (ISA), they do not modify albuminuria in normotensive normoalbu-
minuric healthy subjects, regardless of variation in the aforementioned prop-
erties. The overall impression is that |3-blockers do reduce microalbuminuria
when they lower blood pressure, although not in normoalbuminuric hyper-
tensive subjects and perhaps less with atenolol than with other less hydro-
philic agents such as metoprolol and the specifically cardioselective agent
bisoprolol152"156.

The role of metoprolol in reducing microalbuminuria (from 18.6 to 10.2
ug/min) has been demonstrated over a seven-year period, in association with
good blood pressure control and restoration of echocardiographic left ven-
tricular hypertrophy to normal156. GFR fell at the same rate as an untreated
age-matched control group. Although the addition of thiazide diuretics and
hydrallazine was required in several cases, this is to date the only long-term
demonstration of the beneficial impact of any antihypertensive treatment on
both cardiac and renal function.

The effect of the dihydropyridine group of calcium channel blockers has
only been studied for periods of up to three months. Nifedipine, nitrendipine



References 233

and nicardipine appear not to influence albumin excretion154'157'158, whereas
reductions in microalbuminuria have been noted with isradipine and felodi-
pine159'160. The pharmacological characteristics of these latter two agents is
not dramatically different, although it is feasible that less reduction in myo-
cardial contractility could explain why they reduced albuminuria.

As in diabetes, short-term studies of up to three months have raised the
possibility of a specific effect of ACE inhibitors in reducing albuminuria
because of preferential reductions in efferent arteriolar tone. Enalapril, cap-
topril, lisinopril and ramipril have all been demonstrated to reduce blood
pressure and albuminuria152"154'157'160, with two studies suggesting that this
was a specific class effect independent of changes in blood pressure153'154.
However, at least two short-term studies found that ACE inhibition in essen-
tial hypertension reduced blood pressure without affecting albumi-
nuria161'162, and the differential benefit in albuminuria over B-blockers may
be no longer evident after 12 months' treatment152.

One study has shown that oc-adrenergic blockade with doxazosin reduces
both blood pressure and albuminuria over three months160, whereas no such
effect was noted with thiazide diuretics154.

Thus, at present there is no definitive proof that ACE inhibitors exert
specific long-term effects on renal function in essential hypertension which
offer any advantage over virtually all other antihypertensive agents. Long-
term studies addressing this and the more important question of the relation-
ship between reduced albuminuria and cardiovascular outcome in essential
hypertension are clearly necessary.
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apolipoproteins, 130, 137-9, 141-2
in insulin-dependent diabetes, 133-40
in non-insulin-dependent diabetes, 140-3
lipoprotein Lp(a), 136, 137-40, 141-3
see also dyslipoproteinaemia

liquid phase fluorescent immunoassay, 13

lisinopril, 233
lithium therapy, 179
lovastatin, 228
low density lipoprotein (LDL) cholesterol, 110,

130, 132-3
dietary manipulations, 225
in insulin-dependent diabetes, 133, 135-9
in non-insulin-dependent diabetes, 141
lipid lowering treatment, 228
oxidation of, 147

lupus erythematosus, 184, 186-7
lymphoma, 183
lymphoproliferative disorders, 182-3
lysosomes, 3

malignancies, 177, 182-3
Mediterranean fever, 182
melanoma, 183
mesangial cells, 3
mesenchymal derived cells, 105
metoprolol, 205, 209, 214, 232

comparative trials, 216-17
Micral-Test I, 16, 17
Micral-Test II, 16
microalbuminuria, 11, 54

definition of, 40-1
determinants of, 41-50, 64-70

age, 45, 46-7, 64
blood pressure, 45, 46, 47-8, 64
demographic factors, 46-7
duration of diabetes, 64
ethnic variation, 45-6
genetic factors, 64-5
glycaemia, 66
life-style factors, 49-50

development and progression of, 74-84, 192
blood pressure and, 82-3
glycaemic control and, 81-2
in insulin-dependent diabetes, 74-8
in non-insulin-dependent diabetes, 78-80
initial albumin excretion rate and, 84
lipids and, 8 3 ^
secondary prevention study, 200-4
smoking and, 84

drug-induced, 184-5
dyslipoproteinaemia and, 130-3

in insulin-dependent diabetes, 133—40
in non-insulin-dependent diabetes, 140-3

endothelial dysfunction and, 106-12
glomerular proteinuria, 70-3
hyperlipidaemia and, 130-3
hypertension relationship, 117—21

in insulin-dependent diabetes, 121-6
in non-insulin-dependent diabetes, 126-9

intermittent microalbuminuria, 77
management of in diabetes mellitus, 191-230,

231
aldose reductase inhibitors, 225-6
antihypertensive agents, 204-21
antiprostaglandins, 225
blood glucose management, 193-204
dietary manipulations, 221-5
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growth factor antagonists, 228-9
heparin and glycosaminoglycans, 227
inhibition of advanced glycation end product

formation, 226
lipid lowering agents, 227-8
monitoring effects of intervention, 192-3

measurement of, 11-29
laboratory measurements, 11-15
reference ranges, 27-9
sample handling, 18
side-room tests, 15-17
timed and untimed urine collections, 22-7

predictive value of, 29, 41, 53
insulin-dependent diabetes, 54, 55
non-insulin-dependent diabetes, 54—6

prevalence, 42—4, 57-64
insulin-dependent diabetes, 60, 61-4
non-insulin-dependent diabetes, 58, 59-61

renal histological changes, 67-70
screening for, 30-2

cost-effectiveness of, 32
see also albumin; cardiovascular disease;

diabetes mellitus; urinary protein excretion
Microalbuminuria Collaborative Study Group, 61
Microbumintest, 16-17
mortality, microalbuminuria predictive value,

40-1, 53, 155-6
non-insulin-dependent diabetes, 56, 159-60

myeloma, 183
myeloproliferative disorders, 183
myoglobinuria, 177

N-acetyl-/3-D-glucosaminosidase (NAG), 6, 73, 74,
178, 187

N-deacetylase, 105
N-monomethyl-L-arginine (NMMA), 107-8
neoplasms, 177, 182-3
nephrolithiasis, 177
nephron, 1—2
nephrotic syndrome, 130, 178
nicardipine, 206, 217, 232-3
nifedipine, 206-8, 213-14, 218, 232

comparative trials, 217
nitrendipine, 218, 232-3
nitric oxide see endothelial derived relaxing factor
non-insulin-dependent diabetes mellitus (NIDDM)

albumin excretion rate, 19, 21
glucose disposal rates, 150-2
microalbuminuria relationships, 53-86, 191

blood pressure reduction effects, 205-6, 207,
209

cardiovascular disease and, 157-60
determinants of microalbuminuria, 64-7
development and progression of

microalbuminuria, 78-80
dyslipoproteinaemia and, 140-3
endothelial dysfunction, 109-10
free radical activity and, 148-9
hypertension and, 126-9
management, 231
predictive value, 29, 41, 54-6
prevalence, 58, 59-61, 64

renal histological changes, 69-70
screening, 31-2

NAG activity, 74
proteinuria and, 161
see also diabetes mellitus

obesity, 48, 107, 118, 130-1
see also body weight

octreotide, 112, 228
olive oil, 224-5
oral contraceptives, 97

pancreatitis, 181, 182
pericytes, 3
perindopril, 214, 217
peripheral vascular disease (PVD)

in non-diabetic subjects, 156
in non-insulin-dependent diabetes, 157-9
see also cardiovascular disease

phospholipase C, 100
pinocytosis, 5
plasminogen activator inhibitor (PAI-1), 104, 106,

107, 112, 143
in diabetes mellitus, 144, 146

platelet derived growth factor, 98, 101-3, 104
platelet function, 143-4

in diabetes mellitus, 144-7
Pneumocystis carinii, 184
podocytes, 3
pre-eclampsia, 179-80
pregnancy

albumin excretion rate in diabetes, 84-6
renal disease, 179-80
urinary protein excretion and, 9

premature birth, 180
prostacyclin (PGI2), 99, 101-3, 106
prostaglandins, 5, 181, 232

antiprostaglandins, 225
protein C, 103, 143, 146
protein excretion see microalbuminuria; urinary

protein excretion
protein intake, 50

low protein diet, 221-4
protein kinase C, 100
protein S, 143, 146
proteinuria see microalbuminuria; urinary protein

excretion
proteoglycans, 105
psoriasis, 187
pyelonephritis, 129
pyrogallol red—molybdate, 14

radial immunodiffusion (RID), 12, 14
radioimmunoassay (R1A), 11-12, 14, 53
ramipril, 233
renal blood flow, 5, 6
renal diseases, 177-9

in pregnancy, 179-80
see also kidney

renal scarring, 178
reserpine, 213, 214
respiratory disease, 187
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'response to injury' hypothesis, 106
retinol-binding protein (RBP), 7, 9, 74, 178
retinopathy see diabetic retinopathy
rheumatoid arthritis, 187

sample handling, 18
screening, 30-2

cost-effectiveness, 32
seizures, 181, 182
selectins, 106
single nephron glomerular filtration rate

(SNGFR), 215-16
single nephron plasma flow (SNPF), 215-16
skin disease, 186-7
slide agglutination tests, 15-16
smoking, 108, 121, 230

disease progression and, 84
microalbuminuria and, 45, 49-50, 124, 149-50

sodium lithium countertransport (SLC) activity,
119, 123^ , 131

solid phase fluorescent immunoassay, 13
somatostatin, 228
somatulin, 229
sorbinil, 226
sulodexide, 111, 227
superoxide, 106
superoxide dismutase, 147
surgical procedures, 180-1
systemic lupus erythematosus (SLE), 186-7
systemic sclerosis, 186

Tamm Horsfall mucoprotein, 6, 8
thiazide diuretics, 133, 209, 232

deleterious effects of, 218
see also individual drugs

thrombin, 98
thrombomodulin, 103, 109
thrombosis, 143
thromboxane B2, 103
tissue plasminogen activator (tPA), 104
tobacco smoking see smoking
tolrestat, 226
transcapillary escape rate (TER), 109, 205
transferrin, 7-8, 9

glomerular proteinuria, 71-3
tubular proteinuria, 73

transforming growth factor fi (TGF/8), 104
trauma, 180-1
triglycerides, 45-6, 49, 84, 131-2, 145

dietary manipulations, 225
in insulin-dependent diabetes, 133-8
in non-insulin-dependent diabetes, 79, 140, 141

tubular proteinuria, 73-4, 182
drug-induced, 185

tumour necrosis factors, 6, 106, 183, 184

upright posture, 9
urinary infection, 177, 178
urinary protein excretion

cardiovascular disease and, 160-1
glomerular proteinuria, 70-3, 182, 185
mechanisms of, 3-7
physiological determinants of, 8-9
tubular proteinuria, 7 3 ^ , 182, 185
see also microalbuminuria

urine samples
early morning urine sample (EMU), 22, 25, 26
sample handling, 18
timed and untimed urine collections, 22-7

urokinase, 6
uromodulin, 6

vascular cell adhesion molecule-1 (VCAM-1), 106,
109

vascular responsiveness, 66-7, 107-8, 149
vasomotor tone, 98-100
verapamil, 216
very low density lipoprotein (VLDL) cholesterol,

84, 132-3
dietary manipulations, 225
in insulin-dependent diabetes, 137, 139
in non-insulin-dependent diabetes, 141

vesico-ureteric reflux, 178
von Willebrand factor, 103-4, 107, 110-12

hypertension and, 121

water loading, 8
weight see body weight; obesity
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