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PREFACE, first edition

The first sporadic observations describing renal abnormalities in diabetes were
published late in the 19th century, but systematic studies of the kidney in diabetes
started only half a century ago after the paper by Cambier in 1934 and the much
more famous study by Kimmelstiel and Wilson in 1936. These authors described two
distinct features of renal involvement in diabetes: early hyperfiltration and late
nephropathy. Diabetic nephropathy is, despite half a century of studies, still a very
pertinent problem, renal disease in diabetes now being a very common cause of end-
stage renal failure in Europe and North America and probably throughout the world.
It is a very important part of the generalized vascular disease found in long-term
diabetes as described by Knud Lundbak in his monograph Long-term Diabetes in
1953, published by Munksgaard, Copenhagen.

Surprisingly, there has not been a comprehensive volume describing all aspects
of renal involvement in diabetes, and the time is now ripe for such a volume
summarizing the very considerable research activity within this field during the last
decade and especially during the last few years.

This book attempts to cover practically all aspects of renal involvement in
diabetes. It is written by colleagues who are themselves active in the many fields of



xxiv  Preface

medical research covered in this volume: epidemiology, physiology and pathophysio-
logy, laboratory methodology, and renal pathology. New studies deal with the
diagnosis and treatment of both incipient and overt nephropathy by metabolic,
antihypertensive, and dietary invention. Considerable progress has been made in the
management of end-stage renal failure and also in the management and treatment of
nephropathy in the pregnant diabetic woman. Diabetic nephropathy is a worldwide
problem, but it is more clearly defined in Europe and North America where facilities
for the diagnosis and treatment of diabetes and its complications are readily
available. Much more work needs to be done in other parts of the world, as it
appears from this book.

It is hoped that we now have a handbook for the kidney and hypertension in
diabetes and that further progress can be made in clinical work in diagnosing and
treating diabetic patients. Much more work still needs to be done regarding patient
education with respect to complications. Many diabetics have now been trained to
take part in the management of their metabolic control; they should also be trained
to take part in the follow-up and treatment of complications.

This volume also underlines the considerable need for future research. So far,
research in this field has been carried out in relatively few countries and centers in
the world. The editor is sure that this volume will also stimulate further advan-
cement in clinical science within the field of diabetic renal disease.

In 1952, the book Diabetic Glomerulosclerosis, The Specific Renal Disease in
Diabetes Mellitus, by Harold Rifkin and coworkers, published by Charles C.
Thomas, Springfield, Illinois, USA, summarized all current knowledge on the
diabetic kidney in about 100 short pages, including many case histories. Much more
space is needed now and the many disciplines involved will undoubtedly attract
many readers.

Carl Erik Mogensen



PREFACE, second edition

The sum of clinical problems caused by diabetic renal disease has been steadily
increasing since the first edition of this book was published in 1988. Indeed, it is
now estimated that throughout the world about 100,000 diabetic individuals are
receiving treatment for end-stage renal failure. Obviously, this means a burden with
respect to human suffering, disease and premature mortality, but additionally these
treatment programmes are extremely costly, so costly that in many areas resources
are not available for this kind of care. It is therefore clear, that every efforts should
be made to prevent or postpone the development of end-stage disease.

The years since the first edition appeared we have seen a tremendous progress
in research activities. Importantly, this also includes improvement in the treatment
programmes to prevent end-stage renal failure. Thus it has become clear that the
diabetic kidney is extremely pressure-sensitive, responding to effective antihyperten-
sive treatment by retarded progression of disease. Some agents may be more
beneficial in this respect than other, although the effective blood pressure reduction
per se is crucial throughout the stages of diabetic renal disease. However, the prime
cause of diabetic renal disease is related to poor metabolic control and it is now
documented beyond doubt that good metabolic control is able to postpone or perhaps
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even prevent the development of renal disease. However, in many individuals we
are not able to provide such a quality of control that will prevent complications, and
therefore non-glycaemic intervention remains important. Maybe in the future non-
glycaemic intervention will become the most important research area in diabetic
nephropathy.

With respect to the exact mechanisms behind poor metabolic control and
development of renal disease, much information is now being gained. It is likely that
a combination of genetic predisposition and metabolic and haemodynamic
abnormalities explain the progression to renal disease, seen in about 30% of the
diabetic individuals. Much of this development probably relates to modifiable genetic
factors, such as blood pressure elevation or haemodynamic aberrations. However,
mechanisms related to the response to hyperglycaemia are also of clear importance
as is the possibility that these metabolic or haemodynamic pathway may be inhibited.

This volume review older data as well as the progress seen within the research
of diabetic nephropathy over the last five years and provides a state of the art of the
development. However, we are still far from the main goal, which is the abolition
of end-stage renal disease in diabetic individuals. Obviously, much work still needs
to be done and one of the intentions of this book is to stimulate further research in
this area where so many sub-disciplines of medical science are involved from the
extremes of genetic and molecular biology to clinical and pharmacological research
trials.

Carl Erik Mogensen



1. DEFINITION OF DIABETIC RENAL DISEASE IN INSULIN-DEPENDENT
DIABETES MELLITUS BASED ON RENAL FUNCTION TESTS

CARL ERIK MOGENSEN

Defining renal disease and renal involvement in diabetes appeared not to be an easy
task, mainly because of the wide range of changes seen. The different degree of
abnormalities, often with the same duration of disease, seemingly same quality of
long-term metabolic control, and the same type of diabetes, may according to older
literature indeed be striking [1-3]. However, with better techniques and more well-
defined patients [4] much more consistency is found, as reviewed in this volume.

The main criteria for a suitable system of definition are outlined in table 1-1: (a)
the parameters should have strong prognostic or predictive power with respect to
progression of disease, (b) clear pathophysiologic relevance, (c) relation to structural
or ultrastructural abnormalities, and (d), because of the generalized disease process
of complications, the system should be related to other microvascular and also
macrovascular lesions of diabetes. It should also be treatment-orientated.

During the last ten years, a diagnostic system has been elaborated [5,6] that
seems to fulfil the criteria indicated above. This system was mainly worked out on
the basis of the predictive power of urinary albumin excretion (UAE) as well as

Mogensen, C.E. (ed.), THE KIDNEY AND HYPERTENSION IN DIABETES MELLITUS. 1
Copyright® 1994 by Kluwer Academic Publishers, Boston ® Dordrecht ® London. All rights reserved.



2 1. Definition of diabetic renal disease in insulin-dependent diabetes mellitus

Table 1-1. Definition of diabetic renal disease

Hyper- Micro- Clinical Structural
filtration albuminuria  proteinuria lesions
Predictive power Yes Strong Strong Still
unknown
Relationship to patho- Likely Yes Yes Not defined
physiology
Relationship to struc- Not Clearly in Yes
tural damage clearly IDDM
Associated with other ? Yes Yes Likely

vascular lesions

knowledge of the pathophysiology of renal changes in diabetes. Structural changes
appear still to be secondary elements in the system, although microalbuminuria
clearly correlate to structural lesions [6,7]. The »subclinical« level of increased
albumin excretion is termed microalbuminuria [8]}. So far this system is mainly
relevant to insulin-dependent patients, but can also to some extent be used in non-
insulin-dependent diabetes [Chapter 2].

1. LONGITUDINAL AND FOLLOW-UP STUDIES IN INSULIN-DEPENDENT
DIABETICS
Three centers documented the predictive power of raised UAE [8-11] as summarized
in table 1-2. If UAE is above a certain limit, excretion rate tends to increase with
time and spontaneous reversal occurs only in relatively few patients. The exact level
above which albumin excretion rate tends to rise with time is not clearly defined [6],
but even patients with upper-normal level tends to progress [12]. The level is likely
to vary with methods of urine collection (table 1-2), e.g. the critical level of albumin
excretion rate was 30 pug/min in a study using overnight urine collection procedure,
70 pg/min in a study using 24-h urine collection, and as low as 15 pg/min in
another study using short-term collection during the daytime in hospital. Usually
albuminuria is lower during night (lower blood pressure (BP) and recumbency), than
during the day. The procedure of urine collection seems to be more important than
the method used for measuring albumin, but duration of follow-up is also likely to
be of significance.

The risk for future clinical nephropathy over the next decade is markedly higher
(=80%) in the presence of microalbuminuria, compared with patients with a
completely normal excretion rate (=5%). Thus it is now possible to identify, early



Table 1-2. Summary of studies of development of overt diabetic nephropathy, based on
early microalbuminuria (M)

London® Copenhagen® Aarhus®
Female/male 22/44 42/29 0/43
Follow-up (%) 75% 100% 98%
Mean age at screening 40(17-60) 30(13-50) 25(18-31)
(years)
Mean duration of diabetes 10(1-41) 12(2-36) 12(7-20)
at screening (years)
Follow-up period (years) 14 Mean 6 Mean 10
Proposed discrimination 30 pug/min 70 pg/min 15 pg/min
value
Development of DN above ~ 7/8 717 12/14
discrimination value
Development of overt DN 2/55 3/64 0/29
below discrimination value
Urine sample Overnight 24-h Short-term at
hospital
Number of urine samples >1 >3 >3
Methods RIA Radial immune RIA
diffusion
Prolonged follow-up M related to Not done M clearly related
(=20 years) mortality and to mortality, overt
cardiovascular renal disease and
renal disease ESRF* [6]
(22]

*From Viberti, et al. [8]

®From Mathiesen et al. [11]

‘From Mogensen [10]

DN, diabetic nephropathy

*ESRF = End-Stage-Renal-Failure




4 1. Definition of diabetic renal disease in insulin-dependent diabetes mellitus

in the course of diabetes, patients prone to the development of overt renal disease.
Longitudinal studies in patients with microalbuminuria have revealed a rather slow
rate of progression, as measured by yearly increase in UAE. In recent longitudinal
studies, the yearly percentage increase in albumin excretion on conventional insulin
treatment was around 15%-20% [13,14]. the yearly increase rate in albumin
excretion rate was related to BP elevation [13,14] as well as metabolic control
during the observation period [14].

The recognition of the ability of microalbuminuria to predict future diabetic
nephropathy (DN) leads to the definition of a new stage in the development of renal
disease in diabetics, namely, incipient DN [5]. Obvious, effective antihypertensive
treatment as well as intensified diabetes treatment reduces microalbuminuria or risk
of development of microalbuminuria [6,14,15]. This is likely to change also long-
term prognosis [Chapters 33 and 34].

2. URINARY ALBUMIN EXCRETION IN YOUNG NORMAL SUBJECTS
AND PROCEDURE OF URINE COLLECTION

In one study, the UAE measured in 24-h samples in 23 normal men and 20 normal
women (aged 22-40 years) averaged 4.7 + 4.7 ug/min (SD) (range, 2.6-12.6) and
4.3 + 4.8 (range, 1.1-21.9), respectively [16]. The day-to-day variation in UAE of
24 normal subjects, estimated as the coefficient of variance of 24-h samples, was
31.3%. The mean UAE at rest (short-term collections over several hours, or
overnight » = 180) was similar (5.8 + 1.4 ug/min). Similar values have been
obtained by other authors, but usually overnight excretion rates are somewhat lower
than day-time values, even at complete rest: median daytime UAE: 6.2 ug/min;
overnight 3.7 ug/min for men, and similar values for women. There is not very
precise correlation between UAE and urinary albumin creatinine ratio or albumin
concentration as seen in figure 1-1 [E. Vestbo et al., personal communication].
Higher values for UAE are recorded in some elderly non-diabetic individuals in
population studies [17].

Because the UAE varies with posture [18] and with exercise [19] and after
heavy water drinking [20], evaluation should be carried out only on urine collected
under very standardized conditions. Each of the following procedures is considered
acceptable: (a) overnight (approximately 8-h) urine collection, (b) short-term
collections over one or several hours in the laboratory or clinic, (c) a 24-h
collection, and (d) an early morning urine sample using albumin concentration or
possibly corrected for urine flow by creatinine measurements, using albumin
creatinine ratio (mainly for screening purposes). Because the coefficient of variance
in UAE is between 30%-45 %, at least three urine collections are recommended [21].
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Figure 1-1. Relationship between UAE overnight I and UAC overnight II. Spearmans R = 0.53). (E.
Vestbo with permission).

Studies among diabetics should always include measurements in healthy controls
with exactly the same procedure.

3. CRITERIA FOR DIAGNOSING MICROALBUMINURIA AND INCIPIENT
DIABETIC NEPHROPATHY IN INSULIN-DEPENDENT PATIENTS

It has recently been proposed that more firm criteria should be applied, both in
research projects and in the clinical setting. The following criteria have been
proposed for insulin-dependent patients [21], and subsequently used in many studies.
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Microalbuminuria is present when UAE is greater than 20 ug/min and less than
or equal to 200 ug/min. BP should always be carefully recorded by several
measurements. Patients should be peaceful conditions while collecting urine.

Incipient diabetic nephropathy is suspected when microalbuminuria is found in
two out of three urine samples, preferably collected over a period of 6 months.
Urine should be sterile in non-ketotic patients and other causes of increased
excretion rate should be excluded. If duration of diabetes is less than 6 years, other
causes should especially be considered. Urine collection during the typical diabetes
control of the individual patient is recommended.

Overt diabetic nephropathy is suspected when UAE rate is greater than 200
pg/min (macroalbuminuria) in at least two out of three urine samples collected
within 6 months. Urine samples should be sterile in non-ketotic patients and other
causes of increased UAE rate should again be excluded.

Dipsticks for urinary protein should not be applied in the classification of renal
disease in diabetes according to this proposal. The dipstick procedure is useful,
however, in clinical laboratories, and new screening tests, e.g. the Micral-test® are
very useful in screening for microalbuminuria [Chapter 9].

4. A NEW CLASSIFICATION SYSTEM
Knowledge of the predictive power of microalbuminuria for renal disease in
diabetes, and the description of glomerular hyperfiltration and hypertrophy in
diabetes present already at diagnosis, have underlined the need for redefinition of
renal involvement in diabetes and DN. A redefinition is most easily achieved by
defining new stages in the development of renal changes. These stages, as well as
their main characteristics, and outlined in table 1-3. The following stages can be
defined:

1. Glomerular hyperfunction and hypertrophy stage present at diagnosis. It should
be mentioned that certain features in this stage will also accompany diabetes of
longer duration when metabolic control is not completely perfect.

2. The silent stage with normal albumin excretion, but with structural lesions being
present. This stage may last many years; in fact, most patients will continue in
this stage throughout their lifetime. Occasionally, in stress situations, e.g. during
episodes of very poor metabolic control or during moderate exercise, albumin
excretion rate may increase, but this is a readily reversible phenomenon.
Transition to stage 3 is seen in about 4% of cases per year, associated with poor
metabolic control, and high level of normoalbuminuria [12,23].

3. Incipient diabetic nephropathy is characterized by persistent and with long
observation period wusually increasing microalbuminuria, Patients with
microalbuminuria have a very high risk of subsequent development of overt DN.
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8 1. Definition of diabetic renal disease in insulin-dependent diabetes mellitus

However, intervention (e.g. optimized metabolic control as well as antihyperten-
sive treatment) may certainly change the so-called natural history, reversing
functional and maybe even stabilizing structural changes.

4. Overt diabetic nephropathy is characterized by proteinuria, hypertension and
subsequent fall in glomerular filtration rate (GFR). A decrease in incidence may
be seen now [24].

Beta-2-microglobulin excretion starts to increase in the stage of overt DN, at
UAE of around 1000 pg/min [13]. Dextran clearance is according to older as
well as most recent study only abnormal with advanced proteinuria [5,25].

S. End-stage-renal-failure (ESRF). This entity is now the most common cause of
uraemia in the US, and very common also elsewhere. Treatment options are
also discussed in the final chapters of the book. Recently scepticisms has been
expressed about combined pancreas-kidney transplantation, which with the
exception of selected patients, may be regarded as experimental medicine [26].
Systematic screening for early renal involvement is clearly advisable in the

diabetes clinic, e.g. by annual measurement of albuminuria in all ranges, or possibly

at each visit; more frequent monitoring should be done if UAE is elevated.

4.1 The traditional clinical definition of diabetic nephropathy

The clinical definition can also, as by tradition, be based on measurement of total
protein excretion over three 24-h periods. If mean excretion rate is more than 0.5
g over 25 h, DN is likely in a patient with more than 8-10 years’ of diabetes,
especially with the presence of retinopathy. This level corresponds approximately
to >200 pg/min in UAE.

With a non-typical course, e.g. short duration of diabetes in patients without
retinopathy or rapid progression of disease (e.g. great fall in GFR, very rapid
increase in proteinuria, or sudden onset of proteinuria) - renal biopsy would be
appropriate in order to diagnose non-diabetic renal disorders. Measurement of total
proteinuria is now usually being replaced by measurement specifically for
albuminuria.

4.2. Abnormalities associated with microalbuminuria

Several abnormalities have been documented in patients with incipient DN.

1. During the stages of incipient DN, the GFR is most often elevated above normal
[4]. As microalbuminuria progresses to proteinuria, GFR returns to the »normal«
range, which is in fact usually abnormally low IDDM-patients. Patients who
enter the stage of clinical proteinuria exhibit gradual decreases in both GFR and
renal plasma flow (RPF). ‘



2. Several groups have recognized that elevated BP is an early accompaniment of
incipient DN; the magnitude of the elevation is in the range of 10%-15% above
values in control subjects and normoalbuminuric diabetics [27, Chapter 24].

3. Diabetic retinopathy is more advanced in patients with microalbuminuria than
in patients with silent stage II disease [28]. Importantly, patients at risk for
proliferative diabetic retinopathy can be identified on the basis of microal-
buminuria [29].

4. Transcapillary escape rate of albumin is increased in incipient DN [30], and
plasma lipid abnormalities may be found.

5. A multitude of other features of vascular, cardiac and neurological damage is
seen in these patients [31]. Plasma prorenin may also be associated to
microalbuminuria both its significance is still not clearly defined [32].

At the time of diagnosis of microalbuminuria or incipient DN, HbA,, is often
elevated by in mean by 10%-20% compared to normoalbuminuric diabetics [4].
Patients with microalbuminuria are obviously likely to have been in poorer control
also during many years earlier in the course of diabetes [12,23,24].

5. PROBLEMS RELATED TO DIAGNOSING DIABETIC NEPHROPATHY
ON THE BASIS OF URINARY ALBUMIN EXCRETION

There are a number of other causes of raised UAE rate in diabetic patients. UAE
may increase during very poor metabolic control [21], and it may also be slightly
increased at the time of clinical diagnosis [18]. Such elevations are usually readily
reversible. Urinary tract infection may also be present and may cause some elevation
of UAE [17]. Other vascular diseases such as essential hypertension and cardiac
failure should also be considered [33]. Moderate exercise causes increases in UAE
more readily in diabetics than in non-diabetics and is thus a confounding factor [19].
Exercise-induced increases in UAE have not been documented to predict either
incipient or overt nephropathy. It has also been shown that UAE increases
temporarily (less than one hour) after drinking large amounts of water, e.g. 1 litre
[20]. Therefore, urine flow and UAE should be stable sometime after the start of
water drinking (2 h are advisable) when evaluating patients during, e.g. renal
clearance procedures [4].

A special problem regarding interpretation of data is borderline increase of
UAE. Some patients do show an excretion rate of around 15-30 pg/min and
classification may be difficult during a short observation period. The risk of
progression is, however, high [12,34].
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6. PROGRESSION OF CHANGES

It is important to note that progression of nephropathy in the incipient phase is rather
slow: yearly mean increase rate in UAE is around 15%-20%. GFR probably starts
to decline late in this stage. Progression is more rapid in overt nephropathy without
treatment and GFR declines at a mean value of 12 ml/min/year [35,36]. To have
clinical relevance, studies of the spontaneous course as well as studies on the effect
of intervention should be sufficiently long, e.g. at least 2-3 years or even longer. A
given treatment modality may also be difficult to sustain for a prolonged period
without any other intervention: e.g. can optimized insulin treatment be given without
considering BP elevation? Of course the final end point would be prevention of
development of ESRF. In any patients under study, however, development of renal
failure would last one or more decades. Therefore ESRF is not really a feasible test
parameter. Increasing albuminuria and especially fall in GFR are satisfactory
intermediate end-points

7. GLOMERULAR FILTRATION RATE IN THE DEFINITION OF DIABE-
TIC NEPHROPATHY

An isolated GFR is not a very appropriate parameter to use in the definition of DN.
Both metabolic control and structural lesions have a profound effect on GFR. A low
GFR (e.g. 110 ml/min), accompanied by totally normal UAE (=4 ug/min),
certainly indicates an excellent prognosis. A similar low GFR may be found in
patients with even marked proteinuria. Such a patient is likely to have experienced
a decline in GFR, e.g. from 170 to 110 ml/min.

When optimizing metabolic control, GFR usually falls, as does an even
borderline elevated UAE, whereas a completely normal UAE does not change.
Progression of structural lesions also results in reduction of GFR, but in this case
UAE increases considerably.

Importantly, hyperfiltration in well-defined patients with and without microal-
buminuria carries a much poorer prognosis [10,37]. In the follow-up of patients, it
is extremely important to monitor GFR along with UAE, but the definition of DN
should be based upon UAE (in patients without antihypertensive treatment and in
their usual glycaemic control).

The coefficient of variance in GFR measurements using a constant infusion
technique with 3-6 periods may vary according to the degree of renal involvement
or vascular and neuropathic damage in general. In normoalbuminuric and
microalbuminuric patients, the coefficient is low, on the order of 5%-8% [4]. In
some situations it is not possible to use a constant infusion technique in patients with
advanced nephropathy because of voiding problems. Six or more collection periods
are usually advisable in such patients and, if the coefficient of variance is high
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(>15%), this procedure for measuring GFR simply cannot be used. Single-shot
measurement of GFR, e.g. using [Cr]JEDTA clearance, is then clearly advisable
[38,39].

Several more detailed reviews on different aspects of microalbuminuria and

diabetic renal disease is available elsewhere [31-49].
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2. ALBUMINURIA AND RENAL DISEASE IN NIDDM-PATIENTS

ANITA SCHMITZ

The multitude of reports on the unequivocal importance of microalbuminuria in
predicting diabetic complications in insulin-dependent diabetes (IDDM), have during
recent years been succeeded by an increasing number of studies on patients with
non-insulin-dependent diabetes (NIDDM). It has hence become clear, that the course
of complications and the implication of microalbuminuria differ in several respects
between the two types of diabetes [1-3].

The rather high prevalence of microalbuminuria and proteinuria in NIDDM is
conspicuous, being 20-40% and 5-15 % [4-8] respectively. This pertain also to newly
or recently diagnosed patients [4,8-13], though at that point elevated albuminuria is
reversible to some degree [12,14,15]. On the other hand, the incidence of renal
impairment is of a low order of magnitude [4,16]. Due however to the large number
of patients with NIDDM, renal failure constitutes an important health care problem
also in these patients [17-19]. The association of diabetes and increased mortality is
well established, but the poorer prognosis in NIDDM is due mainly to disabilities
caused by large-vessel disease.

Mogensen, C.E. (ed.), THE KIDNEY AND HYPERTENSION IN DIABETES MELLITUS. 15
Copyright® 1994 by Kluwer Academic Publishers, Boston ® Dordrecht ® London. All rights reserved.
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In 1984 Jarrett et al. [20] and Mogensen [21] both reported that microal-
buminuria is a predictor of increased mortality in NIDDM.

1. MICROALBUMINURIA, AN IMPORTANT RISK MARKER: A 10-YEAR
FOLLOW-UP STUDY OF 416 NON-INSULIN-DEPENDENT DIABETICS
We investigated the prognostic influence of microalbuminuria, also in relation to
other possible risk factors in a 10-year follow-up study [5] of 416 non-insulin-
dependent patients with urinary albumin concentration (UAC) <200 ug/ml (=the
upper limit of microalbuminuria) [22]. UAC was measured in first moming urine
samples by radioimmunoassay [23] at each outpatient attendance during one year.
Measurements were done on the total outpatient population and inclusion criteria
were: age 50-75 years, age at diagnosis =45 years, and treatment managed without
insulin for a period of at least 2 years. Clinical data are presented in table 2-1; 15
pg/ml was chosen as the upper limit of strictly normal UAC, and the patients were
divided into three categories accordingly (UAC <15 ug/ml, 15 ug/ml<UAC <40
ug/ml, and 40ug/ml <UAC <200 pug/ml). Weight recorded during all visits (until
death or end of follow-up), was related to »ideal« and treatment modality was
recorded as the most »severe« (insulin > tablets > diet) during the 10-year period,
since treatment modality often changes over time.

It appears that the only significant differences between the groups were higher
level of plasma glucose (r=0.17, p<0.001) and serum creatinine (r=0.26,
p<0.001) in patients with elevated UAC. Blood pressure (BP) was similar and
hypertensive (BP >160 mmHg systolic or >95 mmHg diastolic, n=255) and
normotensive (n=161) patients had mean UAC values of 11.0 ug/ml X/+ 2.8 and
9.3 ug/ml X/+ 2.8 respectively. Frequency of retinopathy tended to be higher in
the groups with microalbuminuria, but the difference was not significant.

After 10 years 219 patients had died. The prognostic influence of the variables
listed in table 2-1 was first evaluated separately using a log rank test. Age and UAC
had highly significant influence on the survival (p <0.00005 for both variables).
Known diabetes duration also had significant prognostic influence (p=0.0006), and
serum creatinine was close to reaching significance (p=0.07). The remaining
variables had no significant influence on survival. By Cox regression analyses age,
UAC, diabetes duration, and serum creatinine were the only significant independent
prognostic variables.

Figure 2-1 presents the survival curves for the three UAC levels after correction
for the other independent prognostic variables. Even a minor increase in UAC, i.e.
16-40 ug/ml, predicts significantly reduced survival probability. A further increase
in albuminuria i.e. 41-200 pug/ml, was associated with a worse prognosis. The
hazard ratios in the groups with elevated UAC relative to those with UAC <15
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Urinary albumin concentration (ug/ml)

<15 >15-<40 >40-<200
n =290 n=172 n =54
Age 65.6 + 6.5 66.9 + 5.7 672 +£5.0 NS*
(years) 50-175 50-175 54-75
Age at diagnosis 594+ 72 59.8 + 6.6 59.8 + 6.9 NS
(years) 45-175 47 -74 46 - 71
Known diabetes duration 6.2 +49 7.1+54 75+52 NS
(years) 0-23 0-22 1-21
Systolic blood pressure 159 + 23 162 + 23 166 + 26 NS
(mmHg) 113 - 250 108 - 210 110 - 231
Diastolic blood pressure 91 + 12 92 + 14 94 + 12 NS
(mmHg) 60 - 130 60 - 134 70 - 128
Fasting plasma glucose 8.8 +2.1 9.5 +12.6 9.6 +£2.5 p = 0.005
(mmol/liter) 4.6-158 44-158 6.1-17.6
Fasting plasma glucose 87+1.6 93+ 19 93+ 1.8 p = 0.002
(all visits) (mmol/liter) 5.3-14.1 6.4-13.6 58-16.3
Relative weight 111 + 18 114 + 22 111 + 16 NS
(all visits) (%) 73 - 207 76 - 231 82-163
Serum creatinine 09 x/+ 1.2 1.0 x/+ 1.3 1.1 x/+ 1.4 p = 0.000
(mg %)* 06-2.8 0.6-3.1 0.7-33
Sex M/F)® 126/164 35/37 23/31 NS
Retinopathy (N/B/P)° 238/42/0 51/16/0 43/10/0 NS
Treatment (D/T/D)* 33/201/56 8/44/20 5/34/15 NS

*Geometric mean X/ tolerance factor.

*M/F, male/female.

°N/B/P, normal/background/proliferative.

3D/T/1, diet/tablet/insulin.

°NS, not significant

ug/ml were 1.65 (p=0.003) and 2.41 (p=0.000002) respectively. No further
increase in mortality was detected in patients with UAC >200 ug/ml [5]. Causes
of death were obtained from autopsy reports when available, otherwise from medical
records. Fifty-six per cent died from acute myocardial infarction, cardiac insufficien-

cy, or stroke, whereas only a total of 2.3% of deaths were caused by uraemia.

These cases tended however to be increasingly frequent through the three
albuminuria groups (0.8, 2.1 and 7.5% respectively). The major predictive power

of microalbuminuria for mortality has later been confirmed [24,25] and recently a

very similar relative risk was found in a population based study-in diabetics

(NIDDM) [26]. Any explanation for this association between elevated urinary
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Figure 2-1. Survival curves for the three UAC groups, after correction for the other independent
significant prognostic variables; age, known diabetes duration and serum creatinine. N=407, (subjects
with missing value(s) excluded).

albumin excretion and cardiovascular disease and death has so far not emerged. The
frequency of albuminuria versus the relative rareness of renal failure [4,5,26]
appears somewhat paradoxical. Microalbuminuria is seen in 17 % of a population of
elderly non-diabetic subjects [8], but albumin excretion is normal in those who are
healthy [27], and is thus not caused by age per se. Albuminuria in non-insulin-
dependent patients is predominantly of glomerular origin [28], but the exact
mechanism behind increased escape of albumin is not known in either type of
diabetes [29-31]. Increased albuminuria is associated with both coronary heart
disease, cardiac failure (even minor degrees of left ventricular dysfunction), as well
as peripheral vascular disease [3,10,32-35]. A number of cardiovascular risk factors
have been linked also with albuminuria, such as lipoprotein abnormalities,
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hyperinsulinaemia and markers of endothelial dysfunction as well as hypertension.
It is predominantly systolic BP (also isolated systolic hypertension), that carries the
risk [3,31,36-42]. None of these factors, however either alone or in combination
have been able to »explain« the increased cardiovascular mortality in patients (of
either type of diabetes) with microalbuminuria [3,31,36].

2. ALBUMINURIA AND GLOMERULAR STRUCTURE

Diabetic glomerulopathy does develop in non-insulin-dependent diabetes [43,44].
Information concerning the relationship between quantitative glomerular morphology
and clinical renal parameters is however scarce in NIDDM.

We studied the possible relation between urinary albumin excretion and
glomerular structure [45] in 19 patients, who had died within 18 months after UAC
had been measured. The mean period from last measurement of UAC until death
was 9 months. The study was performed on autopsy kidney tissue in patients without
other known renal disease. They were aged 76 years (59-89), (mean, (range)),
known diabetes duration was 11 years (2-24), and UAC was 29.7 ug/ml X/=+ 5.5
(1.4-710). Autopsy kidney tissue from 19 consecutive sex-and age-matched non-
diabetics without known renal disease was sampled for control.

A quantitative light-microscopic study of glomeruli was performed on periodic-
acid-Schiff (P.A.S.) stained sections. The classic diabetic glomerulopathy is
characterized by increased amounts of basement membrane and mesangial matrix
(P.A.S.-positive) in the glomerular tuft (Chapter 14). The volume of P.A.S. -
positive material as per cent of tuft volume (defined as the minimal convex
circumscribed polygon), was estimated by point counting, and it was significantly
increased in the group of diabetics. In this series there was no correlation between
the quantitative structural parameters obtained and UAC, figure 2-2. Notably, a high
UAC was not necessarily associated with advanced glomerulopathy. On the other
hand, a few additional cases dying with uraemia showed severe glomerulopathy. In
a later light- and electron microscopic study of biopsies from 20 NIDDM patients
with proteinuria [46], the degree of glomerulopathy was estimated by measurement
of basement membrane thickness, mesangial and matrix volume fractions (i.e volume
per glomerular volume), and frequency of glomerular occlusion. Patients were aged
55 years (37-67), known diabetes duration was 8 years (1-19), urinary albumin
excretion (UAE) 1.5 g/24h (0.3-8.7) and glomerular filtration rate (GFR) 90
ml/min/1.73 m? (24-146). Data were compared with previous data on 22 IDDM
patients aged 35 years (24-47), diabetes duration 20 years (12-31), UAE 1.4 g/24h
(0.3-7.9) and GFR 57 ml/min/1.73 m? (16-104). Reference was made to 13 (age 51
years (21-68)) non-diabetic living renal transplant donors. There was a striking
variation in the severity of glomerulopathy among NIDDM patients, and some
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Figure 2-2. Relationship between urinary albumin concentration (ug/ml) and frequency of glomerular
occlusion (left panel) and volume fraction of P. A. S. positive material in the glomerular tuft (Vv(R/G))
in 19 NIDDM patients. Data obtained from light-microscopic studies on autopsy kidneys. Reproduced
with permission from the American Diabetes Association, Inc. [45].

proteinuric patients exhibited structural parameters within the normal range, figures
2-3 and 2-4. When retinopathy was taken into account, patients with this complica-
tion all showed a glomerulopathy index (index is a calculated expression of the sum
of changes in peripheral basement membrane and mesangium) above normal. In
those without retinopathy approximately half had a normal glomerular structure.
Notably, GFR was rather well preserved in NIDDM compared with the younger
IDDM patients, with the same degree of proteinuria. Kidney function was however
definitely associated with the structure, as an inverse correlation obtained between
severity of glomerulopathy (index) and current glomerular filtration rate. Also the
structural index correlated with ensuing rate of decline in GFR (r=0.84).
Interestingly , also in this study no clear association between the structural quantities
and albuminuria was seen, and in three different studies around 60% of NIDDM
patients with proteinuria had no retinopathy [5-7], quite different from findings in
IDDM.

These observations imply, that albuminuria has also causes other than diabetic
glomerulopathy. Renal diseases unrelated to diabetic nephropathy may contribute
[47,48]. As remarked above, coronary and other large vessel diseases appear also
to be involved. Noticeable in this context, is the relation between systolic blood
pressure and albumin excretion, which is demonstrated in several studies [3,5,6,9,-
26,39,49], whereas the relation to diastolic pressure is modest. Systolic hypertension
expresses reduced vascular compliance, rather than »real« hypertension. Both
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Figure 2-3. Basement membrane thickness in Figure 2-4. Mesangial volume per glomerulus
non-diabetic kidney transplant donors (ND) and  (defined as the minimal convex polygon). See
IDDM and NIDDM patients with proteinuria. legend to figure 2-3.

Data obtained from electron-microscopic stu-

dies on kidney biopsies.

systolic BP and albuminuria are related to coronary heart disease [3,50] in both
NIDDM and non-diabetic subjects. Albuminuria may thus express widespread
vascular disease [3,31].

3. ALBUMINURIA AND FUTURE RENAL FUNCTIONAL DETERIORATION
In IDDM microalbuminuria heralds progression to overt nephropathy in more than
80% of cases within a decade, with relentless decline in kidney function [1,51].
Microalbuminuria in NIDDM obviously also progresses to overt proteinuria, but
overall does so at a slower rate, around 20% over a decade [51]. In a population
based study, the cumulative risk for renal failure 10 years after the appearance of
proteinuria, was reported to be 11% [52] far less than in IDDM. As also described
in the former sections, albuminuria is not as closely linked with microvascular
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complications in NIDDM as it is in IDDM, and discrepant progression of
microalbuminuria to overt nephropathy disable the notion »incipient nephropathy«
[1,27] in NIDDM. Elevated UAE is associated both with nephropathy and large-
vessel disease, and it is possible that even less severe renal changes may aggravate
the latter. (For further on the clinical course of renal function see Chapter 11).

4. PERSPECTIVES FOR INTERVENTION
There are no longer any doubts that microalbuminuria is a major independent marker
of a poor prognosis. Obviously, reducing albuminuria would be a goal for the
distressed physician. Whereas it now in several studies has been documented, that
albuminuria can be reduced by antihypertensive treatment and optimised glycaemic
control [3,27,49,53,54], studies so far have not demonstrated any improvement in
health or survival. One very recent long-term study [55] however indicates, that
antihypertensive treatment may retard the decline in kidney function at least in
younger NIDDM patients. )

The predominant problem in intervention is that the cause(s) of albuminuria and
the mechanism behind the relations to cardiovascular diseases and risk factors
remain largely unknown.
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3. FAMILIAL FACTORS IN DIABETIC NEPHROPATHY

DAVID J. PETTITT and WILLIAM C. KNOWLER

Reports of nephropathy developing in some patients with apparently well controlled
diabetes and not developing in some patients even after years of severe hyperglyce-
mia lead to the conclusion, expressed by several researchers [1-5], that some
individuals are and others are not predisposed to the development of diabetic renal
disease. If this predisposition is genetic, there must be an interaction between the
genes and the environment, and it is often impossible to differentiate between genetic
inheritance and the effect of a common environment shared by family members.
This chapter reviews some of the data which indicate that there are familial
differences in the predisposition to the development of diabetic renal disease.

1. RACIAL DIFFERENCES IN PREVALENCE OF RENAL DISEASE

Diabetic nephropathy has been reported at different rates in different racial groups,
and several inter-racial comparisons have been made [6-10]. Rostand et al. [6] and
Cowie et al. [9] have both reported higher rates of end-stage renal disease in
American Blacks than Whites, and Pugh et al. [7] reported higher rates of end-stage
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renal disease in Mexican Americans than in Non-Hispanic Whites. Diabetes
duration, which is a strong risk factor for end-stage renal disease, may account for
some of the racial differences in these studies. However, with diabetes duration
accounted for, Haffner et al. [8] found higher rates of proteinuria among Mexican
Americans, and there have been several reports of very high rates of renal disease
among the Pima Indians [11-14], a population which has high rates of type 2
diabetes and which has participated in a longitudinal study of diabetes and its
complications [15,16]. The incidence of end-stage renal disease in Pima Indians was
similar to that in subjects with type 1 diabetes in Boston, Massachusetts [11], but
almost four times as high as in Caucasians with type 2 diabetes in Rochester,
Minnesota [14].

The reasons for inter-population differences in rates of renal disease are unclear.
Rostand [10] has argued that barriers to medical care for Black and Mexican
Americans may impede early detection, and therefore control, of microalbuminuria
and hypertension with a consequent adverse effect on the prevalence of renal
disease. However, the cost, one of the major barriers to medical care, is not a factor
for the Pima Indians, who have access to free medical care by providers who are
well aware of the high risk of diabetic renal disease in this population. Thus, cost
of medical care cannot be the only reason for racial differences. However, other
aspects of access to medical care, such as transportation or cultural barriers, could
be important.

Genes predisposing to renal disease might well exist at different rates in
different races resulting in differences in susceptibility. Thus, if renal disease is
genetic its prevalence would be expected to be different in different races. However,
finding different rates in different races is consistent not only with genetic
inheritance but also with differing environmental exposures or with differences in
competing causes of death.

2. SIBLINGS OF AFFECTED INDIVIDUALS

Seaquist et al. [17] reported evidence for the familial clustering of nephropathy
among diabetic siblings of diabetic probands recruited from either the University of
Minnesota kidney transplant registry or from a family diabetes study. Nephropathy
was found among 83 % of the diabetic siblings of diabetic probands with nephropathy
but among only 17% of siblings of probands without nephropathy (figure 3-1).
Furthermore, 41 % of the siblings of probands with nephropathy had end-stage renal
disease. Clustering of diabetic nephropathy among siblings was confirmed by Borch-
Johnsen et al. [18]. These data, which are consistent with the hypothesis that genetic
heredity is a major determinant of diabetic nephropathy, are also consistent with the
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Figure 3-1. Prevalence of albuminuria and end-stage renal disease (ESRD) in diabetic siblings of diabetic
probands with or without nephropathy. Adapted from Seaquist et al. [17].

hypothesis that an environmental factor or factors shared by siblings is responsible
for the development of nephropathy in some families.

3. OFFSPRING OF AFFECTED INDIVIDUALS

Proteinuria and elevated serum creatinine concentrations were studied in Pima Indian
families with diabetes in two generations [19]. Proteinuria occurred among 14% of
the diabetic offspring of diabetic parents if neither parent had proteinuria, 23 % if
one parent had proteinuria, and 46 % if both parents had diabetes with proteinuria
(figure 3-2). The familial occurrence of an elevated creatinine was limited to male
offspring, among whom 11.7% had a high creatinine if the parent had a high
creatinine but only 1.5 % did so if the diabetic parent had a normal creatinine. These
data demonstrated that proteinuria and elevated creatinine aggregate in Pima families
and suggest that the susceptibility to renal disease is inherited independently of the
diabetes. As with the sibling concordance described above, the inheritance could be
a shared environment, but since the environments of parents and of their children
are very likely to differ more than those of siblings, a genetic inheritance is a strong
possibility.

More recent data from the Pima Indians have shown that diabetic nephropathy
in parents is a risk factor for the development of diabetes in the offspring [20]. The
prevalence of diabetes at 25 to 34 years of age was 46 % among the offspring of two
diabetic parents if one had proteinuria and only 18% if neither had proteinuria.
Corresponding rates among subjects with one diabetic and one non-diabetic parent
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Figure 3-2. Prevalence of proteinuria by number of parents with proteinuria, adjusted for age, sex, blood
pressure, diabetes duration and glucose concentration. Adapted from Pettitt et al. [19].

were 29 % if the diabetic parent had proteinuria and 11 % if not. Thus, multiple loci
or homozygosity at a single locus may determine susceptibility to both diabetes and
renal disease. In other words, parents with diabetes and renal disease may have a
higher genetic load which increases the risk of diabetes in the offspring as well as
increasing the risk of nephropathy once the diabetes develops.

4. FAMILIAL HYPERTENSION AND RENAL DISEASE

The frequent association of renal disease with hypertension has led to the examina-
tion of blood pressure in non-diabetic family members of persons with diabetes and
in individuals thought to be at high risk of developing diabetes in the future. Viberti
et al. found that both systolic and diastolic blood pressures were significantly higher
in the parents of diabetic subjects with proteinuria than in the parents of diabetic
subjects without proteinuria [21]. The difference between the mean blood pressures
averaged 15 mmHg. Similarly, Krolewski et al. [22] reported that the risk of
nephropathy among subjects with type 1 diabetes was three times as high in those
having a parent with a history of hypertension as in those whose parents had no such
history. Beatty et al. [23] have recently found more insulin resistance as well as
higher blood pressures in the offspring of hypertensive than of normotensive parents.
These offspring, therefore, are presumably at increased risk of developing diabetes.
Since they already have significantly higher blood pressures, they may be at
particular risk of renal disease if they do develop diabetes.
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Sodium-lithium countertransport activity in red cells, a genetically transmitted
trait, has been found in some studies to be abnormal in subjects at risk of essential
hypertension [24-27]. Rates of countertransport activity have been found to be higher
in diabetic subjects with renal disease than in those with diabetes alone [22,28].
Kelleher et al. [29] reported more hypertension among the siblings of hypertensive
than of normotensive subjects with type 1 diabetes. However, hypertension among
siblings of subjects with type 2 diabetes was more prevalent than among siblings of
subjects with type 1 diabetes and was not related to hypertension in the diabetic
proband. Given the association between hypertension and nephropathy, it is
reasonable to assume that these hypertensive diabetic patients may be at risk for
developing nephropathy, or may already have some nephropathy, and the
hypertensive siblings might be at risk themselves if they were to develop diabetes.

Among Pima Indians, higher mean blood pressure measured at least one year
prior to the onset of diabetes predicted an abnormal urinary excretion of albumin
determined after the diagnosis of diabetes [30]. Thus, the hypertension so often
associated with diabetic nephropathy cross-sectionally does not appear to be entirely
a result of the renal disease. This hypertension, which appears to be familial in
several studies, may precede and contribute to the renal disease seen after several
years of diabetes in some subjects.

5. GENETIC MARKERS
The possibility of genetic causes for diabetic microvascular complications has
stimulated the search for a disease gene or for linkage between the disease and a
genetic marker. Several reports of associations between markers and retinopathy
have been encouraging [31,32], but the findings of associations with renal disease
have been mixed [31,33,34]. Among patients with type 1 diabetes, Barbosa [31]
found similar frequencies of HLA-A and HLA-B antigens, but Christy et al. [33]
found a different distribution of HLA/DR markers in those with and in those without
nephropathy. Walton et al. [34], in a very small sample, also found no evidence of
an HLA association with nephropathy. Mijovic’s [35] findings suggest that
microangiopathy (not limited to renal disease) was influenced by genes in linkage
disequilibrium with both the major histocompatibility complex and the Gm loci.
Reviews of the subject by Barbosa and Saner [36] and by Barnett and Pyke [37]
have both concluded that there is no convincing evidence that genetic factors play
a role in the pathogenesis of diabetic renal disease. Twin studies, which have
suggested a genetic component in the pathogenesis of retinopathy, have had too few
twin pairs to provide any evidence for the genetics of nephropathy [37].
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6. MODIFICATION OF DISEASE

Environmental factors, most of which probably remain unknown, which influence
the development or progression of renal disease in subjects with diabetes are likely
to be shared with other family members resulting in concordance of renal disease.
Therapeutic manipulations of several factors have been shown to alter the course of
diabetic renal disease in individuals, but it will take family studies to see if the
response to therapies is also genetic or influenced by other environmental factors.

Various treatments, which will be discussed in detail in subsequent chapters,
may alter the familial aggregation of renal disease. Reichard et al. [38] showed that
intensive insulin therapy in type 1 diabetes can reduce the development of
microvascular complications including diabetic kidney disease. Similar results were
reported by the Diabetes Control and Complications Trial [39].

Dietary protein may induce glomerular hyperfiltration [40], and beneficial
effects of dietary protein restriction have been described [41-44]. As the renal effects
differ with different types of protein [45], familial aggregation of renal disease may
be due to a common diet rather than to genetics. Likewise, the beneficial effects of
protein restriction may differ in different families depending, not only on genetic
differences, but also on the type and the amount of protein consumed before the
intervention.

Treatment of hypertension in subjects with diabetic nephropathy has been found
to retard the progression of the renal disease [46], especially with the use of drugs
which inhibit angiotensin converting enzyme [47]. Recently, in several randomized
trials, angiotensin converting enzyme inhibitors have been shown to slow the
progression of renal disease and reduce mortality in subjects with proteinuria,
regardless of hypertension [48-50].

In summary, much of the intriguing information regarding the familial
occurrence of diabetic renal disease suggests a genetic component for this disorder
but is also consistent with environmental effects. The epidemiology of renal disease
is complicated by the fact that several forms of therapy currently employed to treat
hyperglycemia, proteinuria and hypertension can alter the progression of renal
disease and may, in some cases, even prevent its development. Selective prevention
of renal disease will likely alter the familial aggregation of the disease. If there are
important genes providing susceptibility to renal disease or influencing the response
to treatment, even if the contribution is small, their identification could increase the
clinician’s knowledge about the risk for a given patient and help identify those for
whom intensive therapy may be most beneficial.
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4. HYPERTENSION, CARDIOVASCULAR DISEASE, DIABETES MELLITUS, AND
DIABETIC NEPHROPATHY: ROLE OF INSULIN RESISTANCE

ANNA SOLINI and RALPH A. DEFRONZO

HYPERTENSION AND DIABETES

Essential hypertension (blood pressure > 160/95 mmHg) is a common disorder that
affects approximately 15-20% of Caucasian populations [1]. If a blood pressure
greater than 140/90 mmHg is used as the cut off value, then 40-45 % of the general
population would be considered to have essential hypertension [1]. In nonwhite
populations the incidence of essential hypertension is even higher. A number of
factors including obesity, physical inactivity, age, dyslipidemia, glucose intolerance,
smoking, and positive family history all have been linked to an increased incidence
of essential hypertension. It is noteworthy that each one of these factors has been
shown to be associated with the presence of insulin resistance [2-8]. Conversely,
weight loss [9] and enhanced physical activity [10] have been shown to improve
insulin sensitivity and to lower blood pressure. Over the last decade there has
accumulated a large body of evidence which implicates insulin resistance and its
compensatory hyperinsulinemia as the central feature of a tightly interwoven
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Table 4-1. Insulin resistance syndrome

Hypertension

Dyslipidemia

Impaired glucose tolerance

Diabetes mellitus

Obesity

Atherosclerotic cardiovascular disease
Microalbuminuria

Aging

metabolic-cardiovascular web (table 4-1), and several excellent review of the Insulin
Resistance Syndrome have been published recently [11-14].

In individuals with diabetes mellitus the incidence of hypertension is significantly
increased. However, the pattern of hypertension differs quite markedly in non-
insulin dependent diabetes mellitus (NIDDM) and in insulin dependent diabetes
mellitus (IDDM) (table 4-2). In IDDM hypertension is absent at the time of initial
diagnosis [15,16] and remains normal for approximately 10 years after the onset of
diabetes (table 4-2). The blood pressure begins to rise at about the time of onset of
microalbuminuria [16,17] and characteristically involves both the systolic and
diastolic levels (table 4-2). Despite the absence of any increase in blood pressure
during the initial ten years after the onset of IDDM, there are progressive histologic
changes at the level of the kidney. In contrast, in NIDDM it is not uncommon for
hypertension to be present at the time of diagnosis of diabetes [15,16] (table 4-2).
There is a progressive increase in the blood pressure with age (figure 4-1) and with
increasing degree of obesity [18]. In these respects the rise in blood pressure most
closely reflects the pattern that is seen in patients with essential hypertension. The
systolic blood pressure also rises disproportionately more than the diastolic blood
(table 4-2), suggesting that decreased vascular compliance (i.e. atherosclerosis),
rather than intrinsic renal disease, plays a major role in the development of
hypertension.

In NIDDM it is now recognized that hypertension rarely occurs as an isolated
feature. Rather, it occurs in association with a cluster of metabolic and cardiovas-
cular features (atherosclerotic cardiovascular disease, dyslipidemia, obesity, ageing,
microalbuminuria) that collectively have been referred to as the Insulin Resistance
Syndrome (table 4-1) [11-14]. Until recently, it had been considered that IDDM was
not part of this metabolic-cardiovascular cluster, but recent studies by Viberti et al.
[19] have indicated that the 40% of type I diabetics who progress to end stage renal
failure are characterized by insulin resistance, accelerated atherosclerosis, and
dyslipidemia [19]. Microalbuminuria, an indicator of early renal disease, also has
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Table 4-2. Characteristics of hypertension in IDDM and NIDDM

Type I (insulin dependent) diabetes mellitus

Hypertension is absent at time of diagnosis

Development of hypertension correlates closely with the onset of renal disease
Systolic and diastolic blood pressure increase proportionately

Hypertension markedly accelerates progression of renal disease

LD

Type 11 (non-insulin dependent) diabetes mellitus

Hypertension is common at time of diagnosis

Hypertension correlates closely with degree of obesity and advancing age
Systolic blood pressure increases more than diastolic

Hypertension correlates poorly with presence of renal disease

TR

been shown to be associated with insulin resistance in both IDDM and NIDDM
[19,20]. Thus, in both type I and type II diabetes mellitus, but especially in the latter
[20], microalbuminuria is a predictor of death from cardiovascular disease. This has
led to the »Steno« hypothesis that microalbuminuria reflects widespread vascular
disease [21] and, in this context, is closely related to the insulin resistance
syndrome.

HYPERTENSION, HYPERINSULINEMIA, AND INSULIN RESISTANCE

A number of epidemiologic studies have demonstrated a close association between
hyperinsulinemia and hypertension [11-14]. From the prospective standpoint results
from the San Antonio Heart Study have shown that the fasting plasma insulin
concentration predicts the later development of both hypertension and NIDDM [22].
Since hyperinsulinemia usually indicates underlying insulin resistance [6,23], these
observations suggest the presence of a link between impaired insulin action and
hypertension. Using the euglycemic insulin clamp technique and the insulin
suppression test, a number of investigators have shown that both obese [24] and lean
[25-29] individuals are characterized by insulin resistance. Moreover, a close
association exists between these verity of insulin resistance and the elevation in
blood pressure (figure 4-2). From the metabolic standpoint the insulin resistance
primarily involves the glycogen synthetic pathway [25] and occurs in muscle
[28,29]. Thus, the insulin resistance of essential hypertension closely resembles that
observed in obesity and NIDDM [6,23]. Because of these similarities, it has been
suggested that the same underlying metabolic and molecular mechanism contribute
to the insulin resistance in all three of these common »metabolic« disorders [11].
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INCIDENCE OF HYPERTENSION IN NIDDM
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Figure 4-1. Age-related incidence of hypertension in non-insulin dependent diabetic (D) and non-diabetic
control (C) subjects. Reproduced from reference #1 with permission.

If insulin resistance and/or hyperinsulinemia were indeed responsible for the
development of hypertension, one would expect to observe an increase in blood
pressure during chronic insulin infusion. Indeed, Brand et al. [30] in rats have
shown that chronic sustained physiologic hyperinsulinemia created by continuous
intravenous insulin infusion leads to the development of sustained hypertension
within three days and that the hypertension is reversible following cessation of the
insulin infusion (figure 4-3). Somewhat paradoxically, the same investigators failed
to observe a rise in blood pressure in dogs during chronic insulin infusion {31]. It
is noteworthy, however, that hyperinsulinemia was associated with the development
of insulin resistance in rats [30], but actually enhanced insulin sensitivity in the dog
[31]. These results suggest that the presence of insulin resistance may be needed for
the hypertensive effect of insulin to fully manifest itself.

A number of clinical observations provide further support for the link between
hyperinsulinemia and hypertension. Thus, when NIDD patients are started on
insulin, there is a rather consistent rise in blood pressure [32]. Conversely,
withdrawal of insulin in type II diabetic individuals is associated with a decrease in
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Figure 4-2. Relationship between systolic blood pressure and insulin mediated glucose disposal during
the last hour of a euglycaemic insulin clamp in control (open squares) and hypertensive (solid circles)
patients. Reproduced from reference #26 with permission.

blood pressure [33]. Most impressive are the recent findings of Landin et al. [34]
who demonstrated that treatment of hypertensive nondiabetic individuals with
metformin, an insulin sensitizer, reduced the blood pressure by 38/20 mmHg in
association with a decline in fasting insulin and C-peptide concentrations and an
improvement in insulin sensitivity.

PATHOGENESIS OF HYPERTENSION IN HYPERINSULINEMIC STATES
It generally is believed that hyperinsulinemia is responsible for the development of
hypertension since: (i) there is a well established association between the plasma
insulin concentration and systemic blood pressure, (ii) insulin infusion in rats leads
to the development of hypertension; (iii) a number of well defined biochemical and
physiologic mechanisms have been described whereby insulin can elevate the blood
pressure (see below). However, not all epidemiologic studies have shown an
association between the plasma insulin concentration and blood pressure in
Caucasian populations [35]. This raises the possibility that it is the insulin resistance
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Figure 4-3. Effect of chronic, sustained insulin infusion, while maintaining euglycaemia, on mean
arterial blood pressure in rats. Reproduced from reference #30 with permission.

per se, by causing a shift from glucose to lipid metabolism [36] or by some as of
yet undefined mechanism, which is responsible - either alone or inconcert with
hyperinsulinemia - for the development of hypertension. In the following section we
shall review a number of mechanisms via which insulin per se can lead to the
development of hypertension.

1. Hyperinsulinemia and sodium retention

Studies in both man [37,38] and animals [39], have shown that insulin is a potent
antinatriuretic hormone when administered either acutely [37,39] or chronically [38]
to cause physiologic hyperinsulinemia (50-100 yU/ml). The antinatriuretic effect of
insulin results from a direct action of the hormone on the renal tubule [40], as well
as via indirect effects mediated through stimulation of the sympathetic nervous
system [41], augmentation of angiotensin II - mediated aldosterone section [40], and
inhibition of the action of atrial nutriuretic peptide [42]. It is well established that
the total body sodium content and, in particular, the sodium concentration, in
vascular smooth muscle cells, are increased in both NIDD and IDD patients with
hypertension [43,44]. An increase in the intracellular sodium concentration in
vascular smooth muscle cells sensitizes these cells to the pressor effects of
angiotensin Il and norepinephrine [43,44]. Consistent with this, diuretic treatment
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in diabetic subjects induces a natriuresis, desensitizes the vasculature to the pressor
effects of angiotensin II and norepinephrine, and decreases the blood pressure
[43,44].

2. Hyperinsulinemia and the sympathetic nervous system

Infusion of insulin, while maintaining euglycemia, increases the plasma norepine-
phrine concentration in a dose dependent fashion [41] and increases norepinephrine
turnover in muscle, liver, and adipose tissue [45,46]. Stimulation of the SNS can
increase the blood pressure via a number of mechanisms including increased cardiac
output, augmented cardiopulmonary blood volume, enhanced arteriolar vascular
resistance and renal sodium retention [47]. Moreover, SNS activation is a potent
antagonist to insulin action [48] and thus provides a self-perpetuating stimulus that
closes the feedback loop between resistance and hypertension [11].

3. Atrial natriuretic peptide

Circulating levels of atrial natriuretic peptide (ANP) are increased in diabetic man
and animals, both in the presence and absence of hypertension, and the ability of
saline-induced volume expansion to suppress ANP secretion is impaired in diabetic
subjects [42,49,50]. Trevisan, Nosadini and colleagues [40,42,50] have shown that
in IDD patients hyperinsulinemia provides a chronic stimulus for the release of ANP
and this leads to a down regulation of ANP receptors and/or the intracellular ANP
signaling mechanism.

4. Insulin and cation transport systems

Insulin affects a number of key ion pumps that regulate intracellular sodium,
potassium, and calcium concentrations, cell volume, cell pH, and cell growth [11].
An alteration in any of these ion pumps could lead to the development of hyperten-
sion. As discussed previously, a primary defect in insulin action in muscle will lead
to a compensatory increase in insulin secretion by the pancreatic beta cells [11,23].
The resultant hyperinsulinemia will lead to a stimulation of the Na*-H* exchanger
[51-53], leading to the intracellular accumulation of Na* in exchange for H*. The
increased intracellular sodium concentration, in turn, will sensitize the vascular
smooth muscle cells to the pressor effects of norepinephrine, angiotensin II, and
sodium chloride loading [43,44]. In addition, enhanced Na*-H* exchange will
increase the intracellular pH, a known stimulator of protein synthesis and cell
proliferation [S4]. This will result in the characteristic arteriolar hypertrophy that
represents the characteristic histologic feature of essential hypertension. Consistent
with this sequence of events, increased intracellular sodium is a characteristic finding
in individuals with essential hypertension [8,11,54-56]. Increased Na*-Li*
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countertransport activity has been reported in erythrocytes of hypertensive versus
normotensive insulin dependent diabetic subjects [S7]. An association between
insulin resistance, hypertension, diabetic nephropathy and increased Na*-Li*
countertransport activity also has been demonstrated in insulin dependent diabetics,
as well as in their normotensive relatives [19,58]. Of even greater interest, enhanced
Na*-Li* pump activity has been shown to be associated with the entire cluster of
disorders (hypertension, dyslipidemia, diabetes, obesity, atherosclerotic cardiovas-
cular disease, microalbuminuria), including diabetic nephropathy, that comprise the
Insulin Resistance Syndrome [19,58].

Insulin also stimulated the Ca**-ATPase pump in a variety of tissues, including
muscle, and the vasodilatory action of the hormone is closely correlated with the
efflux of calcium from vascular smooth muscle cells [59,60]. In vivo and in vitro
studies [61,62] have shown that in insulin resistant man and animals the ability of
insulin to activate the CA**-ATPase pump and to enhance the extrusion of calcium
out of cells is impaired. This may have important pathophysiologic implications with
regard to the development of hypertension and diabetic nephropathy, as well as to
the perpetuation of insulin resistance. When insulin is infused acutely, there is no
consistent change in blood pressure or muscle blood flow despite activation of the
SNS [41,45,46]. The failure of blood pressure to rise despite SNS stimulation results
from the simultaneous direct vasodilatory effect of insulin on blood vessels [63],
which is mediated via activation of the CA**-ATPase pump [59,60]. In insulin
resistant states the ability of insulin to activate the Ca**-ATPase pump is impaired
[61,62], and the vasodilatory effect of the hormone is lost. This results in unopposed
SNS stimulation and vasoconstriction. Moreover, if a similar scenario of events were
to occur in the efferent arteriole in the kidney, this would lead to an increase in
intraglomerular pressure, an important pathogenic factor in the development of
diabetic nephropathy. Lastly, intracellular calcium is an important second messenger
for insulin action [64]. Impaired activity of the Ca**-ATPase pump would lead to
an accumulation of intracellular free calcium and this would further exacerbate the
insulin resistance with regard to glucose metabolism.

Insulin also stimulated the Na*-K* ATPase pump, which is the primary
regulator of the intracellular potassium concentration [65]. Importantly, a reduction
in intracellular potassium content is closely correlated with increased blood pressure
in individuals with essential hypertension [66], and dietary potassium supplemen-
tation, with restoration of normokalemia and repletion of intracellular potassium
content, has been shown to reduce both systolic and diastolic blood pressure [66].
Patients with essential hypertension are characterized by increased intracellular
sodium and decreased intracellular potassium concentrations [66,67]. If the Na*-K*
ATPase pump were to be resistant to the action of insulin in patients with essential
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hypertension and NIDDM, this would explain the development of hypertension in
these two clinical disorders, as well as the abnormalities in intracellular electrolyte
composition.

INSULIN RESISTANCE, HYPERINSULINEMIA, AND ATHEROSCLEROTIC
CARDIOVASCULAR DISEASE

Three large prospective studies have demonstrated that hyperinsulinemia both fasting
and postprandial, is an independent risk factor for coronary artery disease (CAD)
in non-diabetic individuals [68-70] and a similar association has been shown in
prospective studies carried out in NIDD individuals [69,71]. Much experimental
evidence, from both in vitro and in vivo studies have shown that insulin promotes
the development of atherosclerotic lesions and these data recently have been
reviewed by Stout [72]. In a classic study Cruz et al. [73] demonstrated that chronic,
low dose insulin infusion into one femoral artery of the dog caused marked intimal
and medial proliferation and the accumulation of cholesterol and fatty acids on the
insulin-infused side but was without effect on the contralateral femoral artery or any
other blood vessel in the body. Conversely, if cholesterol fed rabbits are made
diabetic with alloxan the markedly accelerated rate of atherosclerosis is prevented;
insulin replacement in diabetic rabbits returns the rate of atherosclerosis to its
previous high level [74]. These elegant, but simple studies [73,74] provide strong
evidence for the pathogenic role of insulin in the atherogenic process. However, it
is important to note that hyperinsulinemia almost always reflects the presence of
underlying insulin resistance [11,23]. If this were indeed, true, one would expect
patients with CAD to be resistant to the action of insulin. Using the euglycemic
insulin clamp technique, we recently have shown that individuals with angiographi-
cally documented CAD are markedly insulin resistant compared to those without any
significant stenoses of the major coronary vessels {75].

The direct atherogenic effect of insulin on arteriol blood vessels [72-74], as well
as insulin-related alterations in the plasma lipid profile [5,11,13] and blood pressure
[11,13,25-27,30] are likely to explain the accelerated rate of atherogenesis in
NIDDM and the lack of correlation between elevated plasma glucose levels and
macrovascular complications. Interestingly, these same atherosclerotic changes in the
renal vessels may protect the kidney of NIDD patients from the transmission of
elevated systemic blood pressure to the glomerulus and may prevent the characteris-
tic hyperfiltration/increased intraglomerular pressure that plays an important
pathogenic role in the development of diabetic nephropathy.

It also is important to recognize that accelerated atherosclerosis occurs with
increased frequency in IDDM as well. However, macrovascular complications
appear to be a characteristic feature of the type I diabetic patients with proteinuria



46 4. Hypertension, cardiovascular disease, diabetes mellitus

and renal insufficiency [76]. The recent observations by Trevisan, Fioretto and
colleagues [19,58] that cardiac and renal disease are associated with the same
clustering of cardiovascular risk factors that comprise the insulin resistance
syndrome suggest that the same pathogenic mechanisms may be responsible for
macrovascular (stroke and myocardial infarction) and microvascular (nephropathy)
disease in both IDDM and NIDDM.

SUMMARY

The observation that Insulin Resistance represents a Syndrome characterized by
hypertension, dyslipidemia, glucose intolerance, microalbuminuria, and atherosclero-
tic cardiovascular disease (table 4-1) has particular relevance to NIDD patients who
typically manifest the complete metabolic and cardiovascular cluster [11-14,22].
However, the recent demonstration that the Insulin Resistance Syndrome exists in
IDD patients as well and is associated with renal and cardiac hypertrophy,
proteinuria and renal insufficiency, as well as high Na*-H* + countertransport
activity [19,50,58], raises the intriguing possibility that insulin resistance/-
hyperinsulinemia, either directly or indirectly by altering renal hemodynamics, but
stimulating mesangial hyperplasia and renal hypertrophy, by causing systemic
hypertension, by promoting renal arteriolar atherosclerosis, or by altering renal
cellular metabolism and/or electrolyte composition, may play an important role in
the development of diabetic nephropathy in both IDD and NIDD patients [77].
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5. DIABETES, HYPERTENSION, AND KIDNEY DISEASE IN THE PIMA INDIANS
COMPARED WITH OTHER POPULATIONS

WILLIAM C. KNOWLER, ROBERT G. NELSON and DAVID J. PETTITT

Hypertension and kidney disease are well-known concomitants of both insulin-
dependent diabetes mellitus (IDDM) and non-insulin-dependent diabetes mellitus
(NIDDM). Hypertension, kidney disease, and diabetes are associated with each
other, but the nature of the associations varies between populations, and the causal
interpretations, especially regarding hypertension and diabetic nephropathy, are
controversial. The complications of diabetes have been studied extensively among
the Pima Indians of Arizona, U.S.A. In this chapter, we describe the epidemiology
of diabetic renal disease and its relationship with hypertension in the Pima Indians
in comparison with other populations.

1. THE PIMA INDIAN DIABETES STUDY

The Pima Indians have the world’s highest reported incidence and prevalence of
diabetes [1]. Since 1965, this population of about 5000 people has participated in a
longitudinal epidemiologic study of diabetes and its complications [2]. At each
examination, conducted at about two-year intervals, an oral glucose tolerance test
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is performed and classified according to the World Health Organization criteria [3].
Throughout the study, urine samples with at least a trace of protein on dipstick have
been assayed for total protein and the urine protein-to-creatinine ratio used as an
estimate of the 24-hour protein excretion [4]. Since 1982, the urine samples have
been assayed for albumin with a nephelometric immunoassay using a monospecific
antiserum to human albumin, and a urine albumin-to-creatinine ratio used as an
estimate of the urinary albumin excretion rate [5]. Blood pressure is measured at
each examination after the patient has been at rest in the supine position [6].

Pima Indians develop only NIDDM (or type 2 diabetes) [7] which is like
NIDDM in other populations except that it develops at younger ages [1,2]. Diabetic
complications also develop at rates similar to those of other populations. The
prevalence of diabetes in Pima Indians is almost 13 times as high as in the mostly
white population of Rochester, Minnesota [1]. Over one-third of Pima Indians aged
35-44 years have diabetes, and many cases develop before the age of 25 years [2].
In contrast to populations in which NIDDM usually develops later in life, many
Pima Indians have diabetes of sufficient duration for nephropathy to develop.

2. THE COURSE OF DIABETIC NEPHROPATHY IN PIMA INDIANS
Abnormally elevated albuminuria is a characteristic early sign of diabetic nephropa-
thy. In a cross-sectional study of albuminuria in Pima Indians =15 years of age,
abnormal albuminuria was defined by a urine albumin(mg)-to-creatinine(g) ratio
=30 [5]. A level of 30-299 mg/g corresponds approximately to the definition of
incipient nephropathy of Mogensen et al. [8]. Abnormal albuminuria was found in
8% of those with normal glucose tolerance, 15% of those with impaired glucose
tolerance, and 47 % of those with diabetes [5]. The prevalence was also related to
the duration of diabetes, varying from 29% within five years of diagnosis to 86 %
after 20 years of diabetes. The high prevalence in diabetes and the relationship with
diabetes duration suggest that albuminuria is a complication of diabetes, but there
is also a substantial prevalence in those with normal or impaired glucose tolerance,
indicating that diabetes is not the sole cause of abnormal albuminuria in this
population. Abnormal albuminuria often leads to more serious renal disease. Among
diabetic Pimas, the degree of albuminuria over the range of values below 300 mg/g
predicts the subsequent incidence of overt nephropathy, defined by albuminuria of
=300 mg/g, which is usually detectable by dipstick [9].

The onset of NIDDM in Pima Indians is characterized not only by an increased
prevalence of abnormal albuminuria, but also, on average, by an elevated glomerular
filtration rate and a modest size-selective abnormality of the glomerular capillary
wall [10]. Whether these factors influence the development of overt diabetic renal
disease remains to be determined.
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Figure 5-1. Cumulative incidence of end stage renal disease by duration of proteinuria. Adapted from
Nelson et al. [11], Krolewski et al. [12], & Humphrey et al. [13].

In diabetic persons, the onset of clinical proteinuria, defined by the urinary
excretion of at least 500 mg protein per day, heralds a progressive decline of renal
function that often leads to end-stage renal disease (ESRD) [11]. Figure 5-1 shows
the cumulative incidence of ESRD as a function of the duration of proteinuria in
Pima Indians and, using similar definitions of proteinuria, in whites with IDDM [12]
or NIDDM [13]. Coronary heart disease is a frequent cause of death in older
persons with diabetes and proteinuria and may, in part, account for the lower
incidence of ESRD in whites with NIDDM. Due to the relatively young age at onset
of NIDDM in Pima Indians and their lower death rate from coronary heart disease
[14], the cumulative incidence of ESRD in this population more closely resembles
that of whites with IDDM than those with NIDDM.

When expressed as a function of duration of diabetes, the cumulative incidence
of ESRD is also nearly identical in the Pimas with NIDDM and the whites with
IDDM [15]. Other studies comparing persons with IDDM and NIDDM in the same
populations have concluded that the duration-specific risk of ESRD is similar in the
two types of diabetes [13,16].

Autopsy studies indicate that intercapillary glomerular sclerosis, typical of
diabetic nephropathy in other ethnic groups, is the predominant renal disease in the
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Pimas [17], although other glomerular lesions were found in some nondiabetic Pimas
[18]. The incidence of ESRD is also very high among other American Indians
[reviewed in 19], but diabetes is apparently not responsible for as great a proportion
of cases of ESRD in some of the other American Indian tribes.

Familial aggregation of diabetic nephropathy in Pima Indians [20] and in other
populations suggests that susceptibility to this disease may be genetically transmitted,
as reviewed in Chapter 3. Other factors, including duration of diabetes, blood
pressure, level of glycemia, and pharmacologic treatment of diabetes are associated
with the development of renal disease in Pima Indians [4,11,15].

Nearly all of the excess mortality associated with diabetes in this population
occurs in persons with clinically detectable proteinuria, and the age-sex-adjusted
death rate in diabetic subjects without proteinuria is no greater than the rate in
nondiabetic subjects [21]. Thus, proteinuria is a marker not only for diabetic renal
disease, but identifies those with NIDDM who are at increased risk for a number
of macro- and microvascular complications and for death. Similar findings have been
observed in persons with IDDM and suggest a common underlying cause for
albuminuria and the other associated diabetic complications, both renal and
extrarenal [22].

3. RELATIONSHIP OF BLOOD PRESSURE WITH DIABETES AND
KIDNEY DISEASE

The relationships of blood pressure with glucose tolerance, hyperinsulinemia, and
insulin resistance have been examined in many populations. A difficulty in
examining these relationships is that many drugs used in treating high blood pressure
may also affect insulin resistance or glycemia. Thus, correlations of these variables
are difficult to interpret if studies include subjects taking antihypertensive drugs; yet
if such subjects are excluded, the associations might be underestimated because of
exclusion of those with the most severe hypertension. One approach is to divide
blood pressure into two categories, hypertension or not, and include those treated
with antihypertensive drugs as hypertensive regardless of their measured blood
pressure.

Blood pressure (or hypertension) is related to glucose tolerance in the Pima
population. The age-sex-adjusted prevalence rates of hypertension (systolic blood
pressure =160 mmHg, diastolic blood pressure =95 mmHg, or receiving
antihypertensive drugs) among Pima Indians with normal glucose tolerance, impaired
glucose tolerance, or diabetes were 7%, 13%, and 20%, respectively (figure 5-2),
an almost three-fold difference [6]. Similarly, as continuous variables, blood
pressure and two-hour plasma glucose concentrations were correlated among subjects
who were not treated with either antihypertensive or hypoglycemic drugs. It has
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Figure 5-2. Age-sex-adjusted prevalence of hypertension in Pima Indians with normal glucose tolerance,
impaired glucose tolerance or diabetes. Adapted from Saad et al. [6].

been proposed that this relationship, also observed in other populations, is explained
by hyperinsulinemia, as serum insulin concentrations tend to be higher in persons
with impaired glucose tolerance and in some persons with diabetes than in those with
normal glucose tolerance. Yet in the Pimas blood pressure has a much stronger
correlation with plasma glucose than with serum insulin concentrations, and the
partial correlation of blood pressure with fasting insulin, controlled for age, sex,
BMI, and glucose, is practically zero [6]. Thus the relationship, at least among the
Pimas, is primarily with glucose, and the correlation with insulin may be secondary.

In addition to studies of blood pressure and serum insulin concentrations, the
correlation of blood pressure with insulin resistance was assessed by the euglycemic
clamp. In a study of three racial groups, among nondiabetic, normotensive subjects
not taking any medicines, blood pressure and insulin resistance were correlated only
among whites, but not among blacks or Pima Indians [23]. While this study
confirmed previous reports of a correlation of blood pressure with insulin resistance
in whites, it suggests that such a relationship is race-specific, and hence may not
indicate that insulin resistance is an important or consistent cause of hypertension.

Although blood pressure and plasma glucose concentrations are correlated and
the prevalence of hypertension is related to 2-hr glucose, even among nondiabetic
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Figure 5-3. Median urinary albumin (mg)-to-creatinine(g) ratio by glucose tolerance, diabetes duration,
insulin treatment, and hypertension (HT). IGT = impaired glucose tolerance.

subjects, hyperglycemia is not the only factor of importance for blood pressure in
diabetes. Blood pressure and kidney disease are clearly related, although the causes
of this relationship are not clear and have been extensively debated, with some
arguing that the elevated blood pressure in diabetes is only secondary to diabetic
nephropathy [22,24], and others that elevated blood pressure due to a genetic
predisposition contributes to the development of diabetic nephropathy [25,26].
Among 2414 Pima Indians =25 years of age, albuminuria, expressed as the
median urinary albumin(mg)-to-creatinine(g) ratio of subjects in each group, is
related to glucose tolerance, hypertension, and treatment of diabetes with insulin
(figure 5-3). The median albumin-to-creatinine ratio was higher with progressively
worse glucose tolerance or longer duration of diabetes, and among diabetic patients
was higher in those treated with insulin. In each of these groups defined by glucose
and duration of diabetes, those with hypertension had greater albuminuria. The
associations of each of these variables with albuminuria were highly significant, but
the causal directions underlying them have not been determined. The relationship
with insulin treatment is similar to the relationship of insulin treatment with many
complications of diabetes [4,5,14,27,28] and might reflect more severe NIDDM (i.e.
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Figure 5-4. Prevalence of abnormal albumin excretion (albumin(mg)-to-creatinine(g) ratio =100) after
the diagnosis of diabetes by prediabetic blood pressure. Adapted from Nelson et al. [29].

those with greater hyperglycemia or more complications have a greater need for
insulin treatment).

The relationship between blood pressure and renal disease, however, is
problematic since elevated blood pressure may be either a cause or a consequence
of renal disease, or it may be both. In the Pima Indians, higher blood pressure
before the onset of diabetes confers a greater risk of renal disease gfter diabetes
develops (figure 5-4). This suggests that blood pressure may indeed contribute to the
initiation of diabetic nephropathy [29]. Alternatively, higher pre-diabetic blood
pressure may be an early manifestation of an underlying susceptibility to renal
disease which is manifested only in the presence of diabetes or may be a risk factor
for diabetes [30].

4. CONCLUSIONS

Hypertension and kidney disease are common complications of diabetes in the Pima
Indians, as they are in other populations, and patients with these conditions have a
particularly bad prognosis. Almost all of the excess mortality in diabetic Pimas is
associated with proteinuria. Albuminuria is associated with hypertension, insulin
treatment, and duration of diabetes. The higher prevalence of abnormal albumin
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excretion in diabetic subjects who had higher blood pressures before the onset of
diabetes suggests that the hypertension of diabetes is not entirely secondary to
diabetic nephropathy, but that higher blood pressure contributes to this complication.
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6. ECONOMIC EVALUATIONS OF STRATEGIES FOR PREVENTING RENAL
DISEASE IN NON-INSULIN DEPENDENT DIABETES MELLITUS

DIANE L. MANNINEN, ERIK J. DASBACH, FREDERICK B. DONG, RONALD E.
AUBERT, STEVEN M. TEUTSCH and WILLIAM H. HERMAN

1. INTRODUCTION
Recent clinical trials such as the Stockholm Diabetes Intervention Study (SDIS) and
the Diabetes Control and Complications Trial (DCCT) have demonstrated that
intensive glycaemic control can slow the development and delay the progression of
renal disease in persons with insulin dependent diabetes mellitus (IDDM) [1,2]. In
addition, clinical studies suggest that treatment of patients with microalbuminuria and
clinical nephropathy with angiotensin-converting enzyme (ACE) inhibitors and other
antihypertensive agents [3-8] or with a low protein diet {9-12] can slow progression
to end-stage renal disease. However, few studies have demonstrated the efficacy of
such interventions in persons with non-insulin dependent diabetes mellitus (NIDDM).
Given the cost of these trials and the limited resources available for biomedical
research, it is reasonable to ask whether investing in such a trial is worthwhile and
which type of intervention(s) should be evaluated [13-16]. A useful methodology for
answering these questions is to conduct an economic evaluation. The purpose of this
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chapter is to describe the data necessary and the data available for conducting such
an economic evaluation.

2. OVERVIEW OF THE ECONOMIC EVALUATION

An economic evaluation assesses the cost to achieve a given health effect for a given
set of alternatives. For example, an economic evaluation can be used to evaluate
treatments aimed at preventing or delaying the onset of diabetic nephropathy and
end-stage renal disease (ESRD) among NIDDM patients. In evaluating the
economics of a proposed clinical trial, one must consider the costs of conducting the
clinical trial, as well as the costs and benefits associated with incorporating the
medical treatment into clinical practice.

The costs of preventing ESRD include screening and intervention. The benefits
include quality of life improvements and gains in life expectancy. Given that costs
are incurred and benefits are realized at different times, a model of how the disease
progresses is necessary for estimating the occurrence of these events.

3. DISEASE MODEL

Two recent studies have developed models to assess the cost-effectiveness of
screening and early treatment of nephropathy in IDDM patients by comparing the
cost and effectiveness of current standard diabetes treatment with the early treatment
of patients with ACE inhibitors [17,18]. The model developed by Borch-Johnsen and
associates [18] simulates the progression of renal complications in a hypothetical
cohort of newly diagnosed IDDM patients from onset of diabetes through
microalbuminuria, diabetic nephropathy, and renal failure. Siegel et al. [17] present
a similar model; however, in this model microalbuminuria is divided into two levels:
microalbuminuria and significant microalbuminuria. The stages used in these two
models are shown in Table 6-1.

Modelling the natural progression of the disease involves forecasting the
proportion of people who move from one stage to the next (e.g. from normoal-
buminuria to microalbuminuria, from microalbuminuria to diabetic nephropathy,
from nephropathy to ESRD), as well as the length of time spent in each stage. In
addition, the disease progression is affected by the mortality rate because death is
a competing risk. The probability of making a transition from one disease stage to
another may vary with duration in the stage and/or age. The probabilities may also
vary with respect to other characteristics such as gender or race. One approach is
to compute annual transition probabilities based on an estimate of the time spent in
each disease stage using a log-normal distribution. Annual transition probabilities can
then be estimated based on (1) the percentage of patients who make the transition
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Table 6-1. Stages of Diabetic Nephropathy in Patients with Insulin Dependent Diabetes
Mellitus

Five Stage Model Four Stage Model®
Stage of Disease Urinary Albumin Stage of Disease Urinary Albumin
Progression Excretion Rate Progression Excretion Rate
Normoalbuminuria <20 pg/min Normoalbuminuria <20 pg/min
Microalbuminuria 20-99 pg/min Microalbuminuria 20-200 pg/min

Significant Microal- 100-299 pg/min  Diabetic nephropathy >200 pg/min
buminuria

Overt proteinuria 2300 pg/min

Renal failure - Renal failure -

ISiegel, et al. [17].
2Borch-Johnsen et al. [18].

to the disease stage; (2) the average transition time; and (3) the variation in the
transition time among those who make the transition.

Given the similarity in the disease progression between IDDM and NIDDM, it
is possible to model disease progression among NIDDM patients utilizing the same
general model structure. However, the NIDDM model may differ from the IDDM
model in two respects. First, the models of disease progression developed for IDDM
patients have been developed using the characteristics of a white population. Since
the prevalence of NIDDM is particularly high among certain minority populations
in the U.S. (e.g., Native Americans, African-Americans, Hispanics) [19-25], it may
be desirable to incorporate race as a factor in modelling the progression of renal
disease in NIDDM patients.

Second, modelling disease progression in NIDDM is complicated by the fact that
true duration of diabetes is unknown for many NIDDM patients. Among IDDM
patients, duration of disease can be measured from diabetes diagnosis. Among
NIDDM patients there is often a considerable lag between disease onset and
diagnosis. Based on two population-based groups of NIDDM patients in the United
States and Australia, Harris and associates estimate that onset of NIDDM may occur
9 to 12 years prior to clinical diagnosis [26]. In a population based study of
Rochester, Minnesota, approximately 10 percent of NIDDM patients had persistent
proteinuria at the time of diabetes diagnosis [27]. While the NIDDM model will also
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begin at disease diagnosis, the model should assume a proportion of NIDDM
patients have microalbuminuria or clinical nephropathy at the time of diagnosis.

The disease model requires considerable data. In particular, the model requires:
(1) age, sex, and race specific mortality rates for each disease stage, (2) the annual
probability of moving from one disease stage to the next in the absence of a
screening and treatment program, and (3) the effect of various treatments on annual
probabilities of moving from one disease stage to the next. Possible sources of these
data include published clinical studies, existing databases, and expert opinion.

Data regarding mortality rates for patients with ESRD in the U.S. are reported
by the U.S. Renal Data System [28]. However, mortality rates for persons with
diabetes with microalbuminuria or clinical nephropathy are not readily available.
Data must be derived from clinical studies reporting increased mortality among
persons with diabetes with microalbuminuria and clinical nephropathy.

Transition probabilities of progressing from one stage of nephropathy to the next
can be derived from epidemiologic studies, which typically report the cumulative
incidence of microalbuminuria or diabetic nephropathy as a function of time since
disease onset. Data from observational studies reflect current standards of care in
that community. Data from clinical studies can be used to make assumptions
regarding the impact of a particular intervention on the annual probabilities of
progressing from one disease stage to the next. Unfortunately, these data may be
limited to studies of small samples at a single clinic or hospital. Occasionally, the
results of large multi-center trials may be available. Since more data are available
about the natural progression of IDDM than NIDDM, it may be necessary to assume
that the disease progression is similar.

In the absence of published data, it may be necessary to rely on expert opinion.
For example, existing data sources may be inadequate to assess the effect of various
screening and treatment programs on the annual probability of developing diabetic
nephropathy. Therefore, one can attempt to achieve consensus among clinical
experts regarding these probabilities.

4. COSTS

An economic evaluation requires an estimation of the annual costs associated with
care for each disease stage. At a minimum, this includes the direct costs of medical
care (e.g., outpatient services, hospitalizations, laboratory and diagnostic tests,
dialysis treatments, medical equipment and supplies, home health care services,
medications, and long-term care). Direct costs may also include nonmedical services
(e.g., transportation, costs of housekeeping services). Indirect costs--for example,
loss of work, disability payments--may also be included an economic evaluation.



67

It is possible to conduct an economic evaluation from a variety of perspectives--
from the points of view of the patient, public and private payers, or society. From
the patient point of view, costs would include those costs not covered by public and
private payers, plus the cost of other out-of-pocket expenses incurred because of
illness (including time missed from work). Costs from the point of view of the payer
would include only those charges allowed by the payer. Adopting a societal
perspective would involve considering total net costs incurred by the various
components of society. While a societal perspective is regarded as preferable for
most economic evaluations, it is often interesting to conduct an economic evaluation
from more than one point of view.

An economic evaluation will compare the costs associated with a standard
treatment protocol and the costs associated with an experimental treatment protocol
that includes various screening strategies and interventions aimed at delaying or
preventing the onset of disease. The model requires an estimation of treatment costs
for each disease stage, including the costs associated with the treatment of end-stage
renal disease for those patients who develop renal failure. Screening and intervention
costs will consist of: (1) costs associated with screening for microalbuminuria; (2)
costs incurred in establishing a definitive diagnosis for those with both true positive
and false positive screening tests; (3) medical costs associated with intensified
treatment, including the costs of treating possible side-effects of the intervention; and
(4) the costs associated with the treatment of end-stage renal disease for those
patients who develop renal failure. Typically, the screening and intervention costs
occur early, while cost savings may not occur for a number of years. To express the
present value of health effects occurring in the future, it is necessary to apply a
discount rate.

Data for estimating the costs of various screening and prevention programs can
be obtained from a number of sources. Public and private payers may represent a
source of cost and utilization data. In the United States, for example, the Health
Care Financing Administration routinely reports data on the treatment costs of
patients with end-stage renal disease [29]. A summary of Medicare program
expenditures for diabetic patients with end-stage renal disease is presented in Table
6-2. Screening and treatment costs associated with delaying the onset of renal failure
are more difficult to obtain (see Table 6-3). In these cases it may be necessary to
estimate the amount of medical care utilized and to estimate the cost of the care
from published data sources. To supplement the information available through
published sources, it may be necessary to elicit information from a panel of clinical
experts (for example, regarding what constitutes routine care for each disease stage).
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Table 6-3. Surveillance and intervention costs

Treatment Cost (U.S. dollars)’
Screening tests'
Albustix (per test) $0.50
Urinanalysis (per test) 3.17

Other diagnostic procedures?
Renal ultrasound (per test) 99.68

Antihypertensive treatment®

Enalapril (per year) 259.00
Hydrochlorothiazide (per year) 22.00
Lasix (per year) 113.00

'Health Care Financing Administration [30]
?Medicare Fee Schedule [31]
3Siegel, et al. [17]

5. EFFECTIVENESS

The effectiveness of a particular treatment can be defined in terms of the improve-
ments in the health status of a patient population as a result of the therapy. A
particular treatment may delay disease, in which case one can measure effectiveness
in terms of number of cases averted. Or, a treatment may save lives, in which case
one can measure effectiveness in terms of the number of deaths prevented or years
of life saved. The economic evaluation may show an actual cost savings of a
particular screening and prevention program. Alternatively, if the cost of a particular
screening and prevention program exceeds the cost of treatment without the
program, the difference in costs can be divided by the incremental increase in
disease free years or average life expectancy to estimate the cost per additional
disease free year or year of life gained.

While extending life expectancy is an important outcome, it may also be
important to consider the quality of the additional years gained under alternative
programs. The quality adjusted life year (QALY) is a measure that weights life
expectancy by the quality of life expected [32-33]. Table 6-4 shows some weights
reported in the literature for patients with ESRD [34-36]. Health utilities generally
range between 1.0 (excellent health) and 0.0 (death).
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Table 6-4. Health state utilities from studies reported in the literature

Health state Utility Std. dev. Rater Method

end-stage renal disease!

home dialysis 0.40 0.26 197 members  time trade-off
of general
hospital dialysis 0.32 0.42 population

end-stage renal disease’

transplant 0.84 0.24 103 patients time trade-off
with end-stage

hospital haemodialysis 0.43 0.26 renal disease

home haemodialysis 0.49 0.23

continuous ambulatory 0.56 0.29

peritoneal dialysis

end-stage renal disease’

recombinant human not reported 120 patients time trade-off
erythropoietin trial receiving
haemodialysis
placebo 0.42
low dose 0.51
high dose 0.58

ISackett and Torrance [33]
2Churchill et al. [34]
3Canadian Erythropoietin Study Group [35]

6. SENSITIVITY ANALYSIS

Often there is uncertainty regarding key variables in an economic evaluation. For
example, information may not be available concerning the effect of an intervention
on disease progression or various treatment costs may be unknown. Sensitivity
analysis allows one to change the values of key variables in the model and to
examine the effect on the results of the analysis. Sensitivity analysis can be used to
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identify those data elements that are more important than others in determining the
cost-effectiveness of a treatment program. For example, the analysis might show that
the conclusions vary more as a function of the epidemiological data regarding the
natural disease progression than with the level of effectiveness of a particular
intervention. These findings would be valuable in deciding whether or not to invest
in research focused on new interventions.

7. CONCLUSIONS

In recent years there has been a growing concern on the part of employers, public
and private insurers, and consumers regarding increasing health care costs. It is no
longer sufficient to demonstrate the safety and efficacy of a new treatment. It is also
important to show that the particular treatment is cost-effective.

Before embarking on an expensive clinical trial focusing on the prevention of
renal complications among NIDDM patients, an economic evaluation such as that
described above may provide valuable input into the design of the trial. Given the
lack of good epidemiologic data on NIDDM, it may be necessary to make
assumptions regarding the model of the disease progression in NIDDM based upon
what is known about the disease progression in IDDM. This economic evaluation
can be used to evaluate various screening and intervention programs among NIDDM
patients and to identify those that are most likely to be cost-effective among this
group of patients. Such an economic evaluation may also be useful in identifying
specific data that are not readily available that should be collected as part of the
trial.
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7. INCIDENCE OF NEPHROPATHY IN INSULIN-DEPENDENT DIABETES
MELLITUS AS RELATED TO MORTALITY AND COST-BENEFIT OF EARLY
INTERVENTION

KNUT BORCH-JOHNSEN

Development of clinical diabetic nephropathy in IDDM-patients is associated with
high excess mortality as well as with generalized vascular lesions and impairment
in the cardiovascular risk profile of the individual. It therefore indicates a poor
prognosis of the patient.

Improved metabolic control, in combination with other factors, has led to a
gradual decrease in the incidence of diabetic nephropathy in most countries.
Furthermore, anti-hypertensive treatment of patients with nephropathy has improved
the prognosis of these patients by postponing or preventing end stage renal failure.
Finally, early detection of at-risk individuals by sensitive measurement of the urinary
albumin excretion rate is now a routine procedure, and at present intervention trials
including IDDM -patients with microalbuminuria are ongoing.

The decreasing incidence of diabetic nephropathy, the improved treatment of
patients with nephropathy and the possibilities for early detection and intervention
for microalbuminuria will probably further improve the prognosis of future
IDDM -patients. What can be expected in the future, to what extent will the mortality
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decrease and what will be the cost-effectiveness of screening and intervention? These
are some of the questions addressed in this chapter.

1. MORTALITY AND PROTEINURIA

Studies from different parts of the world consistently show, that IDDM-patients have
an excess mortality compared with the non-diabetic population. The excess mortality
varies with age and diabetes duration [1], and also shows considerable variation
between countries [2]. As shown in table 7-1, the distribution of causes of death
varies according to diabetes duration. While acute, metabolic complications and
infections dominates in patients with short diabetes duration, diabetic nephropathy
and cardio-vascular diseases account for 70-80 % of all deaths in patients with longer
diabetes duration.

In 1972 Watkins et al suggested, that development of proteinuria was a strong
prognostic marker in diabetes, and probably even stronger than grading of
nephropathy on the basis of histo-pathological findings [3]. In our study of excess
mortality in 1030 IDDM patients followed for 30 to 50 years we found [4], (figure
7-1) that the very high excess mortality of IDDM-patients was found only in patients
who developed persistent proteinuria (clinical diabetic nephropathy), while patients
not developing clinical nephropathy had a low and rather constant excess mortality.
This study also showed, that the most likely way of improving the prognosis of
IDDM-patients would be to prevent development of diabetic nephropathy.

2. DECREASING EXCESS MORTALITY AND DIABETIC NEPHROPATHY
In a study of the relative mortality of IDDM-patients in Denmark during the period
from 1930 to 1981 we found [5] that the excess mortality decreased by nearly 40%.
The study included nearly three thousand patients diagnosed before the age of 31
years, diagnosed during the period 1933 to 1972 and admitted to the Steno Memorial
Hospital (Steno Diabetes Centre). All patients were followed up from their first
admission to the hospital until death, emigration or January 1st 1982. The major
decrease in the excess mortality took place in patients diagnosed from 1940 to 1955,
but a constant and gradual decline was found over the entire period. As discussed
above, the excess mortality in IDDM-patients is predominantly due to development
of diabetic nephropathy. Thus the most likely explanation of this decreasing excess
mortality would be a decreasing incidence of diabetic nephropathy. This hypothesis
was confirmed when studying the incidence of clinical nephropathy in the same
cohort [6], as the incidence of nephropathy decreased by nearly 50% during the 50
years observation period. The decreasing incidence of nephropathy was not a
consequence of introduction of anti-hypertensive treatment, as the major part of the
decrease took place during the period from 1940 to 1965 [6]. These results are in
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Table 7-1. Cause of death according to diabetes duration in a cohort of 2,900 Danish
IDDM-patients diagnosed 1932-1972, before the age of 31 years.

Cause of Death Diabetes Duration
0-15 years 16-30 years >30 years
(n=124) (n=513) (n=199)

Vascular

Acute Myocardial Infarction 9% 17% 36%
Other Cardiovascular 4% 3% 11%
Cerebrovascular 2% 4% 10%
Diabetic Nephropathy 17% 52% 15%
Ketoacidosis 18% 2% 3%
Hypoglycaemia 6% 3% 2%
Diabetes NOD 2% 1% 1%
Infections 14% 5% 10%
Suicide 8% 3% 3%
Cancer 2% 3% 4%
Other 19% 7% 9%

accordance with data from the Joslin Clinic in USA [7] where the incidence of
diabetic nephropathy was 1.9 times higher in patients diagnosed in 1939 than in
patients diagnosed in 1949 or 1959. Our studies therefore confirmed that the most
effective way of improving the prognosis of IDDM-patients was by preventing
development of diabetic nephropathy. In our studies of the excess mortality as
related to nephropathy we used the classical definition of nephropathy (table 7-2).
Thus patients with nephropathy had a urinary protein excretion of 0.5 g/24 h in at
least 3 consecutive samples. During the last 10 to 15 years, measurement of urinary
albumin excretion rates at much lower levels have been possible, and it has been
shown, that patients with microalbuminuria (30 to 300 mg/24 hours) are at high risk
of developing diabetic nephropathy [8-10], and thus also at higher risk of dying.
Diabetic nephropathy and microalbuminuria are both associated with atherogenic
changes in the lipid-profile, rheological factors and increasing blood pressure [11,12]
and it is likely, that even microalbuminuria may be associated to clinical vascular
disease. The Steno Hypothesis [13], suggesting common pathogenetic mechanisms
behind several of these changes, is discussed in detail in Chapter 20. The question,
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Figure 7-1. Age adjusted relative mortality of IDDM-patients with proteinuria (upper curves) and without
proteinuira (lower curves) in a cohort of 1003 Danish IDDM-patients: --- Women, — Men. (Reproduced
with permission from Diabetologia and Springer Verlag [4]).

however, is whether microalbuminuria per se is associated with excess mortality in
IDDM -patients.

3. MORTALITY AND MICROALBUMINURIA

In non-insulin dependent diabetic patients [14,15] as well as in non-diabetic
individuals [16,17] microalbuminuria is associated with a marked excess mortality.
In IDDM-patients the excess mortality in patients with microalbuminuria has not
been thoroughly studied. In a recent study by Messent et al it was found [18], that
when IDDM patients with microalbuminuria were followed for more than twenty
years, this group of patients had a significant excess mortality. Among the 8 patients
with microalbuminuria originally included in the study 5 died. However, all
deceased patients had developed clinical nephropathy and were no longer microal-
buminuric at the time of death. Among the three surviving patients, one developed
renal failure while two remained microalbuminuric throughout the observation
period. Thus, it is still unknown whether microalbuminuria in it self is associated
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Table 7-2. Definitions of microalbuminuria, proteinuria and diabetic nephropathy.

Stage Urinary Albumin Excretion Rate
mg/24h ug/min
Normoalbuminuria <30 <20
Microalbuminuria 30-300 20-200
Proteinuria or Clinical Nephropathy >300 * >200

*or more than 0.5 g protein per 24 hours.

with an excess mortality in IDDM-patients, or whether it is so only because it is a
predictor of clinical nephropathy.

This question is highly relevant, as recent studies have shown that anti-
hypertensive treatment of IDDM-patients with microalbuminuria may delay or
prevent progression to diabetic nephropathy, and it must therefore be assumed, that
it will prevent some of these patients from developing End Stage Renal Failure and
uraemia. The generalized vascular lesions [12] and changes in the atherogenic profile
[11] that characterize patients with microalbuminuria may, however, lead to death
from vascular disease, even in the absence of clinical nephropathy and end stage
renal failure. Thus it is possible that intervention by anti-hypertensive treatment and
strict metabolic control may not be able to bring mortality-rates down to the same
level as that of normo-albuminuric IDDM-patients, but the controlled clinical trials
have been so small and running for so short periods of time [19-21] that an
evaluation of this has been impossible so far.

4. PROSPECTS FOR PREVENTION
For unknown reasons the incidence of diabetic nephropathy decreased by nearly 50 %
when comparing patients diagnosed in the 1930’s with patients diagnosed after 1950.
The general assumption is, that this decrease was due to improved metabolic control,
facilitated by changes in the attitude of health care professionals as well as of the
diabetic patients, and facilitated by the easier access to methods for home monitoring
- first of urinary, and later also of blood glucose. It should, however, be kept in
mind that, despite the effect of near-normalization of blood-glucose levels [22], the
most dramatic changes took place before the introduction of stix-methods for urinary
and blood glucose, and long before the introduction of antihypertensive treatment.
Microalbuminuria develops in 30 to 50% of all IDDM-patients. It is rarely seen
before 5 years of diabetes duration, but thereafter the prevalence increases with
increasing diabetes duration {23]. Once microalbuminuria develops, the excretion
rate will gradually increase in most patients, and from the very few studies of the
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natural history of microalbuminuria it may be calculated [24] that the annual increase
rate in UAER is approximately 15 to 20%, but with considerable inter-individual
variation. This increase rate can, however, apparently be altered and decreased by
strict metabolic control and antihypertensive treatment.

Recent studies have shown that strict metabolic control - most easily obtained
by insulin pumps or multiple injection regiments - can postpone or prevent
progression from microalbuminuria to overt nephropathy [22], and - as discussed
further in Chapter 33 - it may also be important in primary prevention. With the
world wide rapidly increasing access to devices for home monitoring, insulin
»pen«-devices, and with the gradually changing attitude among professionals as well
as among diabetic patients, it is likely that improvements in metabolic regulation can
be obtained with a concomitant decrease in the risk of developing diabetic
nephropathy. Importantly, the DCCT has confirmed European studies (Chapter 1).

With the introduction of antihypertensive treatment the prognosis improved for
patients with nephropathy [25,26], a result which is true also in clinical practice,
outside the frame of a controlled clinical trial [27]. Short term trials in IDDM--
patients with microalbuminuria (reviewed in Chapter 27) give considerable hope that
this may also be the case in the microalbuminuric stage. It is still premature to
recommend antihypertensive treatment for all cases of microalbuminuria, but real
long-term controlled clinical trials should be encouraged, evaluating harder
end-points as development of persistent proteinuria, falling GFR and eventually
death. These trials should also be encouraged to meticulously record and analyze
non-fatal cardiac and vascular events as well as changes in the cardio-vascular risk
factors.

Further clinical trials are necessary for several reasons. One being that the trials
so far have been running for to short periods of time to evaluate any hard
end-points. Secondly, the trials so far have not included estimations of costs and
benefits related to the intervention. Thirdly, none of the trials so far have focused
on the potential for prevention of cardio-vascular disease in the patients with
microalbuminuria. Before large scale intervention is being planned, the economical
aspects including the costs of screening and intervention should be weighted against
the potential savings for the patient (economical as well as in quality of life) and for
the society.

4.1 Screening, intervention and cost-benefit

As trials aiming at early intervention in the microalbuminuric stage are relatively
small and few, it is difficult to estimate the cost effectiveness of different regiments
for screening for and early intervention in microalbuminuria. On the other hand,
treatment of end stage renal failure with dialysis or renal transplantation is so
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expensive (costs approximately 25 to 40.000 US $ per year) [28], that if intervention
programmes are effective, then they are also likely to be cost-beneficial. Further-
more, screening for microalbuminuria is becoming increasingly simple, fast and
cheap with the availability of methods described in detail in Chapter 9.

Two independent groups have tried to estimate the likely cost-benefit and cost
effectiveness of different regimens for screening and intervention. In the study of
Siegel et al [29], the authors compared the likely costs and savings related to 4
different programmes: 1: No screening for microalbuminuria or proteinuria,
antihypertensive treatment at BP 140/90, 2: Screening for proteinuria (0.5 g/24h)
and ACE-inhibitor treatment in case of proteinuria, 3: Screening for microal-
buminuria, treatment with ACE-inhibitor if UAER 100 g/min and 4: Screening for
microalbuminuria and ACE-inhibitor if UAER 20 g/min. The authors used
previously published epidemiological data regarding the natural history of diabetic
nephropathy to estimate the time of progression from normo-to microalbuminuria,
from microalbuminuria to proteinuria and from proteinuria to end stage renal failure.
They then assumed two different potential effects of antihypertensive treatment, 50 %
increase in progression-time (called conservative estimate) and 75% increased
progression-time (called optimistic estimate).

The second study [30], used a rather similar design including annual testing for
microalbuminuria in all IDDM-patients from 5 to 30 years of diabetes duration.
Antihypertensive treatment using an ACE-inhibitor would be initiated in all patients
with microalbuminuria (30 mg/24h). The study used data from a previously
published Danish epidemiological study [31] of the incidence of nephropathy and the
mortality in patients with and without proteinuria to estimate mortality rates and
transmission-times without intervention. Based on the results from controlled clinical
trials [19-22] they estimated that the increase rate in UAER could be decreased by
33 or 67 per cent.

Both studies conclude, that if antihypertensive treatment can lower the annual
increase rate in UAER in microalbuminuric patients, then screening- and inter-
vention programmes will save money for the providers of the health care system.
In our own study, we found [30] that even when taking discounting into considera-
tion, a treatment-effect of the antihypertensive treatment of 8 to 12% would be
sufficient to out-balance costs and savings. In patients with nephropathy, anti-
hypertensive treatment has been shown to decrease the decline-rate in GFR and to
decrease the mortality rates by 67% [26,27]. If this was the case also in patients
with microalbuminuria, then screening and intervention for microalbuminuria would
increase the median life-expectancy of IDDM-patients by more than 10 years, and
the life-time risk of developing end stage renal failure would decrease by more than
60%.
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In conclusion, these two studies both indicate that screening and early

intervention may be beneficial. It must, however, be remembered, that both studies
are based on assumptions as long term intervention trials are lacking. These studies
can not by them selves serve as arguments for routine intervention, but they point
at the urgent need for large scale, very long term trials of early antihypertensive
treatment, and they both indicate that these trials would have a very high likelihood

of success.
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8. MEASUREMENT OF ALBUMIN AND OTHER URINARY PROTEINS IN LOW
CONCENTRATION IN DIABETES MELLITUS: TECHNIQUES AND CLINICAL
SIGNIFICANCE

D.J.F. ROWE and W. GATLING

MICROALBUMINURIA

Independent clinical studies have indicated that urinary albumin excretion increased
above normal but below the level of detection by Albustix (»microalbuminuria«)
predict accurately the development of clinical nephropathy and end-stage renal
failure in adults with insulin-dependent diabetes (IDD) [1-3].

Following these studies, measurement of urinary albumin has been used to
investigate changes in renal function in children with IDD [4-6], in non-insulin
dependent diabetic subjects [7,8], in non-diabetics with heart failure and/or
hypertension [9,10] and in pregnancy [11]. The measurement may also predict
mortality as well as morbidity from non-renal causes [7,8,12,13].

The clinical significance of the excretion of other urinary proteins has also been
investigated. Conclusions that the excretion of B2-microglobulin was not increased
in early diabetic renal disease have been shown to be flawed due to the instability
of this protein in urine under normal collection conditions [14].
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Does microalbuminuria predict progression of renal disease?
Recent studies have challenged the belief that microalbuminuria is a strong predictor
of progression to diabetic nephropathy.

In adult IDD with duration of diabetes > 15 years there was only limited
evidence of progression of microalbuminuria to clinical nephropathy (5/18 subjects)
or of progression of clinical nephropathy to end-stage renal failure over a 10 year
follow-up [15].

Young insulin dependent and adult insulin-requiring diabetic subjects showed no
significant change in urinary albumin/creatinine ratio (ACR) in random samples over
a 5 year follow-up, nor was there any consistent change in ACR in those subjects
with microalbuminuria (20% and 28 % of the respective clinic populations) (figure
8-1) [16].

Histological studies have demonstrated that structural abnormalities in
glomerular basement membrane thickness and in mesangial volume are present in
some diabetic patients without apparent abnormalities in urinary albumin excretion
[17]. The relationship between the pathological features and functional abnormalities
in diabetic renal disease have always been difficult to correlate. All diabetic patients
with duration over 10 years have histological features of kidney disease yet only a
proportion of these will have functional abnormalities such as increased protein
excretion.

Other urinary proteins
The excretion of many enzymes and small-molecular weight proteins is increased
early in the diabetic process, in many cases independent of the excretion of albumin.

Conclusions that the excretion of B2-microglobulin was not increased in early
diabetic renal disease were flawed due to the instability of this protein in normally
acid urine. This was shown by Bernard [14] and confirmed independently by Watts
et al. [18]. These workers measured B2-microglobulin and retinol-binding protein
(RBP), which are both considered to reflect changes in renal tubular function, in
non-diabetic and diabetic subjects. A weak correlation was shown between the
excretion of the two proteins accompanied by a lower mass excretion of B2-
microglobulin. The experiment was repeated after in vivo alkalinization prior to
urine collection. The correlation between the proteins increased to r=0.8 and the
mass excretion of B2-microglobulin increased to equivalence with that of RBP. The
excretion of RBP did not increase significantly after alkalinization.

The excretion of enzymes such as n-acetyl B-D-glucosaminidase (NAG),
gamma-glutamyl transferase and alkaline phosphatase and other proteins such as al-
microglobulin, RBP, immunoglobulin light chains and transferrin may be increased
early in the diabetic process and independent of the excretion of albumin [4,20-
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Figure 8-1. Longitudinal data from individual patients over 5 years follow-up.

29,31]. One study demonstrated that the excretion of al-microglobulin and gamma
light chains was significantly increased and correlated with HbA1 in young people
with IDD without significant change in the excretion of albumin [22]. Pontuch also
showed a correlation between RBP excretion and HbAlc but not with albumin
excretion [20]. Others showed a correlation between RBP excretion and albumin but
not HbA1 [30]. Neither study could relate RBP to duration of disease. Elsewhere,
the excretion of NAG and RBP correlated with albumin excretion and with HbAlc
[4]. Holm and others showed the increased excretion of RBP in IDD with no
correlation to HbA1, fructosamine or urinary albumin [23,24].

The excretion of NAG has been shown to be the most sensitive tubular function
marker in terms of increased excretion in diabetic subjects [27]. No study has yet
shown a predictive value for tubular markers indicating progression of renal disease
although none of them have been studied for as long as albumin.
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Tubular markers and glycemic control

The increased excretion of these markers may be related particularly to changes in
acute glycaemic control. In 1985, Miltenyi showed that NAG excretion was
increased in diabetic children with ketoacidosis and glycosuria compared to well-
controlled diabetic children and non-diabetic subjects. Excretion of the enzyme
decreased with the establishment of diabetic control over eight days. However, NAG
excretion continued to remain higher than in the non-diabetic controls suggesting
than an abnormality in tubular function persisted [31].

One study has demonstrated the increased excretion of RBP in response to acute
glucose and insulin infusion in subjects undergoing euglycaemic clamping [32].
There was no clamping of blood glucose in the non-diabetic controls in this study
and the results could not be confirmed by others [33]. In a third study, acute
hyperglycemia was shown to increase the excretion of albumin and of B2-
microglobulin but not of kappa light-chains in normal subjects [25]. RBP excretion
has also been shown to be increased in chronic heart disease [10].

Physiological variability in the excretion of these tubular proteins occurs as for
albumin. Thus, normal volunteers show an acute increase in the excretion of tubular
proteins in response to exercise and in the day-to day variability of pre-exercise
samples [34].

METHODS FOR MEASUREMENT OF SPECIFIC URINARY PROTEINS

Albumin

Immunoassay techniques for the measurement of urinary albumin have been
reviewed [35-37]. Approximately 70% of UK health service laboratories use
immunoturbidimetry, approximately 20% use immunonephelometry and the
remainder of laboratories a mixture of radio- or enzyme-immunoassays. Commercial
kits for urinary albumin measurement are available although in-house methods are
easy to establish and maintain. Overall, the between-laboratory agreement of the
different assay types is similar; results from the UK External Quality Assessment
Scheme for urinary albumin are shown in figure 8-2.

Immunoturbidimetry lacks the sensitivity to detect reliably normal albumin
excretion which is frequently less than 5 mg/L. It is therefore less suitable than the
more sensitive immunoassays for use in research applications. The more sensitive
methods require assay desensitisation or sample dilution before use.

»Tubular« proteins
High sensitivity immunoassays using ELISA [4], RIA [30] and latex-agglutination
[14] methods have been described for the detection of proteins such as RBP and B2-
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Figure 8-2. United Kingdom National External Quality Assurance data.

microglobulin into the normal range. Most methods for the analysis of NAG use p--
nitrophenyl-N-acetyl-B-D-glucosamide as substrate [4,26]. Such enzyme methods are
easily automated on modern laboratory analyzers.

Type of urine sample

Storage at -20°C appears to result in losses of albumin from urine and from standard
solutions. Two studies have investigated the loss of albumin following storage for
2 months, 6 months and 2 years at -20°C and have shown variable but marked
losses of 28 and 39% and 27 and 50% at 6 months and at 2 years for albumin/crea-
tinine (ACR) and NAG/creatinine ratios respectively [19,38]. Creatinine con-
centration also decreased over 2 years. Urine can be stored at +4° for at least 7
days before analysis and for longer if sodium azide is added as preservative [37].
There is little deterioration in RBP levels in urine samples stored at -20°C for 12
months (unpublished observations).
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Clinic »stix« testing

Several dipstick and tablet screening methods have been developed for the detection
of microalbuminuria in clinics and are reviewed elsewhere in this book. They may
provide a useful screen but positive cases need to be followed up by quantitative
measurement of urinary albumin in the laboratory and by correction of the
concentration by time or by creatinine concentration.

Which urine sample to screen for microalbuminuria?

Gatling assessed the ability of an overnight ACR, an overnight albumin con-
centration or a random ACR to predict a timed overnight albumin excretion rate
(AER) of >30 ug/min. An overnight ACR was found to be the optimal screening
test. A random ACR >3 mg/mmol had only 12% predictive value for AER >30
ug/min [39].

Marshall has recommended an early morning sample as being the best
compromise to predict a »gold standard« overnight AER or ACR [40]. She reported
sensitivity and specificity between 82-100% and between 74-100 % respectively from
several independent studies depending on the cutoffs set for ACR and for
microalbuminuria. The data for random clinic samples indicated sensitivities between
56-100% and specificities between 81-96 % respectively. She suggested that if early
morning ACR was <3.5 mg/mmol then the patient be considered normal and be
rescreened annually. If > 10 mg/mmol then active treatment is indicated. If 3.6-10
mg/mmol then the patient be rescreened at the next clinic visit. Others have argued
that there may be unacceptable delay clinically with a cutoff of 3.5 mg/mmol and
annual retesting. They recommend a lower cutoff of 2 mg/mmol in this situation and
consideration of active treatment for patients in the 3.6-10 mg/mmol group [39].
Both authors suggest that attempts to assess microalbuminuria on the basis of
concentration alone are not valid. Kouri concluded that the false positive and false
negative rates incurred with testing random clinic samples were unacceptable
clinically and placed unnecessary work upon hospital laboratories [41]. Bouhanick
however, stated that a single random clinic sample uncorrected for creatinine or for
time could predict persistent microalbuminuria or clinical proteinuria in 24 hour
samples (sensitivity 83 %, specificity 82%, positive predictive value 69%,
concordance 80%) [42]. Importantly there are differences between men and women
in ACR because of lower excretion of creatinine in women (=50% higher in men).
This produce a higher ratio in women [43].

There is no long-term study available to suggest that strictly normoalbuminuric
patients (at baseline) with exercise-induced microalbuminuria progress more readily
than patients with only small response in albuminuria to exercise.
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Variability of urinary albumin

Variability in assay methods is relatively small in comparison to physiological
variation. This creates major difficulties in the interpretation of changes in urinary
albumin excretion in adult and juvenile diabetics and non-diabetics. Urinary albumin
excretion may fluctuate by more than 100% and indicates the need to average
multiple measurements on an individual before deciding on intervention. In addition,
upright posture and exercise may both increase the excretion of albumin [44]. These
factors may explain the variability in reference ranges between 24-hour, overnight
and random daytime samples [45]. A recent study showed very limited loss of
albumin by different types of storages of 7 days (4° or 20°) to 6 month (-20°) [46].

CONCLUSIONS
Techniques for the measurement of urinary albumin are routine in many laborato-
ries. The type of technique should be dictated by the sensitivity required for the
population under study.

Storage of urine samples deep-frozen may result in variable losses of albumin
and of NAG. RBP appears to be stable at -20°C for at least 6 months.

Measurement of an albumin/creatinine ratio on an early morning sample is
recommended for screening purposes.

Multiple samples are needed to confirm persistent microalbuminuria.

Excretion of tubular proteins may reflect changes in acute glycaemic control
more clearly than that of albumin.

No studies have yet shown a relation between tubular proteinuria and
progression of renal disease.

B2-microglobulin measurement should only be used as a marker of renal tubular
function after prior alkalinization of the subject.
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9. OFFICE TESTS FOR MICROALBUMINURIA

PER LOGSTRUP POULSEN

INTRODUCTION

Microalbuminuria defined as an increase in urinary albumin excretion rate to the
range 20-200 pg/min not only predicts later development of nephropathy in diabetic
subjects [1-4] but may also guide the detection or prediction of other complications
e.g. proliferative retinopathy [5,6]. In addition, microalbuminuria is also strongly
associated with cardiovascular risk factors and coronary heart disease in diabetic as
well as non-diabetic patients [7,8].

The clinical usefulness of the versatile and strong predictive power of
microalbuminuria has been further augmented as it has now been shown that
effective intervention modalities exist. Several studies have shown that antihyperten-
sive treatment of normotensive (-- maybe certainly a debatable concept) microal-
buminuric IDDM patients reduces urinary albumin excretion rate considerably and
probably postpones or prevents clinical nephropathy [9-12].

Furthermore, it is now established that achievement of good glycemic control
has similar beneficial effects [13-15 and the DCCT as described in Chapters 33,34].

Mogensen, C.E. (ed.), THE KIDNEY AND HYPERTENSION IN DIABETES MELLITUS. 95
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The strong predictive power in combination with effective treatment modalities
clearly indicates that screening for microalbuminuria should be an essential part of
the care for IDDM patients [16].

THE INTRA-INDIVIDUAL VARIATION OF URINARY ALBUMIN EXCRE-
TION - SCREENING AS A CONTINUOUS PROCESS

There is considerable intra-individual variation in urinary albumin excretion, up to
40-50% [17] or even greater when measuring albumin concentrations or al-
bumin:creatinine ratios under routine clinical conditions [18]. Thus, several samples
should be taken in order to avoid misclassification of patients and screening should
be a continuous process.

There is now a consensus e.g. in the St. Vincent document that persons with
IDDM should be screened at least once every year and more often if microal-
buminuria is detected. As the prevalence of microalbuminuria is very low before
five years diabetes duration [19] annual screening could be initiated at this point.

HOW TO SCREEN - TIMED COLLECTIONS OR ALBUMIN CON-
CENTRATION ?

Timed urinary collections (24 h or overnight) remains the ’gold standard’. However,
they are cumbersome to the patient, and in repeated large scale screening this may
become a significant problem [20]. In one large study a patient compliance of only
59% was reported [21]. It should be emphasized that these figures are obtained
under study conditions and that compliance may well turn out to be further reduced
with repeated screening in clinical practice.

Aggravating this problem is the fact that diabetic nephropathy is often seen in
’non attenders’ to diabetic care [22] who presumably have even less patience with
cumbersome screening tests.

In addition, timed urinary collections are subject to collection errors or timing
errors which can make the interpretation of results difficult, though creatinine
concentration measurements and calculation of albumin:creatinine ratio may be
helpful.

In order to assure good compliance it is crucial that screening procedures are
acceptable to the patients.

OFFICE TEST: ADVANTAGES AND DISADVANTAGES

In general, office tests for detecting abnormal albuminuria should be simple in use,
robust, quick, inexpensive and have sufficient specificity and sensibility. Several
tests have now been evaluated [23-32]. They all share the advantage of bringing the
result of test closer to the patient. It is possible to get the result before the patient



97

Table 9-1. Nycocard U-Albumin®

# patients  Cut-off Sensitivity Specificity Predictive Predictive
value of value of
positive test negative test

134 >20 mg/l 100% 70% 79 % 98 %

>40 mg/l 100% 82% 71% 100%

leaves the outpatient clinic or the general practitioner. On the basis of the result,
immediately action can be taken, whether it is arrangement of annual rescreening
(negative test) or in the case of a positive test e.g. arrange collection of timed
urinary samples to assess urinary albumin excretion rate.

Several office tests seem to fulfil the requirements of adequate sensitivity,
specificity and reproducibility. However, it should be noted, that all the tests are
critically dependent on correct handling. Thus, training in the use of the stick must
have high priority and continuous monitoring of results is recommendable.

As to costs analysis regarding quantitative lab methods vs. semiquantitative
office tests the result will depend on the local organization of the health system: If
a majority of diabetic patients are seen in large outpatients clinics automated
laboratory procedures (e.g. turbimetric methods) can be set up permitting a large
number of samples to be processed in a minimum of time, at a very low cost --
probably below the price of the office tests. If, on the other hand, the care for
diabetic patients is mainly in the hands of general practitioners costs of sending the
samples to the laboratory should be taken into account and economy may point
towards office tests.

A SURVEY OVER SOME OF THE OFFICE TESTS

As there have been reports of interference with non-protein components in tests
using bromphenol based colorimetry resulting in a high number of false positives
[33,34] antibody based screening methods should confer an advantage, and two such
test are described in the following.

Nycocard U-Albumin® (Nycomed Pharma AS, Oslo, Norway) is a three-drop
test based on a solid phase enzyme-linked immunosorbent assay (ELISA). The test
kit includes a test card containing immobilized antibodies on a porous membrane and
conjugate (albumin-specific antibodies conjugated with microsized colloidal gold).
The albumin molecules in the sample are trapped on the membrane-bound antibodies
and subsequently bind the coloured conjugated antibodies. Excess coloured conjugate
is removed with a washing solution, and the colour intensity (proportional to the
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Table 9-2. Micral-Test®

# patients  Cut-off Prevalence  Sensi- Speci- Predictive  Predictive
of samples tivity ficity  value of value of
over cut-off positive negative

test test
Bangstad [27] 186 >20 mg/l 28% 92% 82% 67% 97%
Jury [28] 184 >30mg/l 35% 91% 98% 96 % 95%
Agard [31] 117 >20mg/l 35% 88% 97% 95% 94 %
Marshall [30] 112 >20mg/l 30% 100% 91% 83% 100%
Poulsen [29] 239 >20 mg/l 34% 91% 85% 76 % 95%
Lab techni-
cian
Poulsen [29] 269 >20 mg/l 34% 84% 9 % 76 % 97%
Trained nur-
ses
Poulsen [29] 563 >20mg/l 35% 66% 92% 81% 83%

General Prac-
tioners

albumin concentration) on the sample is evaluated using a colour card. The colour
development in the Nycocard U-Albumin® test is stable and can be read at any time
once the procedure is completed. Results (G. Scott, personal communication) are
summarized in table 9-1.

Another antibody based semiquantitative tests, Micral-Test® (Boehringer
Mannheim Germany) is a test-strip based on a specific immunocapture technique in
which the colour reaction is mediated by an antibody bound enzyme. The white
fleece of the test strip, serving as a reservoir, is dipped into the urine for 5 seconds
to a level just beneath the blue test zone, and then laid down horizontally. The
absorbed urine enters a zone on the strip that contains a soluble antibody-enzyme
conjugate that specifically binds to urinary albumin. Excess conjugate is retained in
a separation zone that contains immobilized human albumin so that only the
conjugated immunicomplex is mobile and can pass through the matrix with the fluid
flow and reach the reaction zone. Here, the enzyme beta galactosidase reacts with
a substrate to produce a red dye, the intensity of which, after five minutes, is
directly related to the albumin content of the urine. The Micral-Test® yields semi-
quantitative results reflected by five colour blocks on the vial label.
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Figure 9-1. 195 Micral-Test® sticks read by trained nurses and the corresponding 24 h. UAE rates.
Horizontal line discriminates positive and negative sticks, vertical line discriminates normo- vs

microalbuminuria. Figures in parentheses indicates number of samples. (With permission from reference
29).

The test strip has been evaluated by several authors [27-32] and results are
summarized in table 9-2.

In our own evaluation of the same dipstick test [29] we evaluated 1071 samples
and included correlation with urinary albumin excretion rate as well as correlation
with urinary albumin concentration. The dipstick was evaluated in three settings: A.
3 trained nurses testing samples from day-clinic diabetics, B. 1 laboratory technician
testing not-hospitalized diabetics and C. 58 general practitioners also testing not-
hospitalized diabetics. Results are given table 9-2 and figure 9-1.

We conclude that in the hands of trained nurses and laboratory technician the
Micral-Test® showed good correlation with urinary albumin excretion and urinary
albumin concentration and can be recommended as a screening tool. However,
general practitioners obtained a lower sensitivity probably due to lack of experience
and incorrect handling of the sticks leading to systematically errors. Training in the
use of the stick must be encouraged since under such circumstances the results are
satisfactory.
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SUMMARY

Several reliable tests office tests for detecting microalbuminuria exist. Anti-body
based screening methods confers an advantage in specificity compared to colorimetry
methods based on bromphenol dye. Whether the tests are economically attractive
will depend on the local organization of the health system. The tests are critically
dependent on correct handling. Thus, training in the use of the tests is important and
continuous monitoring of results is recommendable.
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10. RISK FACTOR FOR PROGRESSION OF MICROALBUMINURIA INRELATIVE-
LY YOUNG NIDDM-PATIENTS

RYUICHI KIKKAWA and MASAKAZU HANEDA

Microalbuminuria, which is defined as a minute increase in urinary albumin
excretion rate in patients whose urine is Albustix-negative, is reported the most
reliable predictor for the development of clinical diabetic nephropathy in IDDM
[1,2]. Similarly to findings in IDDM, the pioneering work by Mogensen has clearly
showed that, in NIDDM, the incidence of macroalbuminuria or of clinical
proteinuria of a 9-year period is higher in those with microalbuminuria (22 %) than
in those with normoalbuminuria (5%) [3], although the predictive power of
microalbuminuria appeared to be lower in patients with NIDDM. Since microal-
buminuria can reportedly predict the risk of early mortality as well as of clinical
proteinuria in subjects with NIDDM [3], it is important to identify the factor(s)
responsible for the development and progression of microalbuminuria. Although it
may be worthwhile to investigate the progression of microalbuminuria in relatively
young subjects with NIDDM, who would be expected to live long enough to show
the outcome of microalbuminuria perhaps by minimizing the influence of age-related
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cardiovascular diseases, the mean age of such subjects studied is in the late 50s. In
this chapter, we will summarize the data obtained in such patients with NIDDM.

1. MICROALBUMINURIA IN SUBJECTS WITH NIDDM

Cross-sectional studies show a prevalence of microalbuminuria of about 20-30% in
non-proteinuric subjects with NIDDM [4-6]. Data on prevalence may vary with sex,
age, ethnic origin, and duration of diabetes, as well as study design [7-9]. However,
some subjects with NIDDM have microalbuminuria when the diabetes is diagnosed,
and there is uncertainty as to the time of disease onset [10]. The clinical characteris-
tics of such patients resemble those of patients with IDDM with microalbuminuria.
The prevalence of advanced retinopathy and neuropathy is increased and the systolic
blood pressure is elevated within the range of normal [4]. A significant association
between the microalbuminuria with retinopathy and neuropathy in IDDM and
NIDDM has been reported [6]. These findings suggest that the stage of microal-
buminuria in NIDDM may represent a period of transition between the normoal-
buminuric and the macroalbuminuric stage as previously described for patients with
IDDM [11]. A longitudinal cohort study in a large group of subjects with NIDDM
may clarify this issue.

2. PROGRESSION OF NORMOALBUMINURIA TO MICROALBUMINURIA
Only limited data are available concerning the progression from normoalbuminuria
to microalbuminuria in patients with NIDDM. A report by Cooper et al. [12] from
Melbourne showed that 9 subjects who were initially normoalbuminuric developed
microalbuminuria over a mean period of 7 years. The total number of subjects who
were initially normoalbuminuric was not well defined, however [12]. The
longitudinal study by Haneda et al. [13] from Otsu also suggested that a substantial
number of cases of normoalbuminuria develop microalbuminuria. In this study, 11
of the 34 initially normoalbuminuric subjects (32.4 %) developed microalbuminuria
within 5 years [13]. Since a previous study concerning 3 years of observation
showed the rate of disease progression to be 19.5% [14], the rate of progression
would be about 6.5% per year.

3. PROGRESSION OF MICROALBUMINURIA TO MACROALBUMINURIA
As mentioned, Mogensen showed the rate of progression from microalbuminuria to
macroalbuminuria or to clinical proteinuria to be 22% in a 9-year period [3]. In the
study by Haneda et al. [13], the rate of progression was faster, with 6 of the 18
initially microalbuminuric subjects (33.3 %) becoming macroalbuminuria within 5
years [13]. The difference in the rates with disease progression between these two
studies may be attributed to a difference in the age of the subjects studied. The
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Table 10-1. Risk factors for progression of microalbuminuria in patients with NIDDM.

A. Strong association:
1. Poor glycemic control
2. High blood pressure
3. High rate of urinary albumin excretion
B. Possible association:
1. High plasma level of atrial natriuretic peptide
2. Renal endothelial dysfunction
3. High plasma level of prorenin
4. Abnormal lipid metabolism

higher mortality rate in Mogensen’s study (59/76, 78 %) vs. that in Haneda’s study
(4/18, 22%) could also be attributed to age differences. Although the exact rate of
progression is not known, macroalbuminuria may develop earlier in patients with
NIDDM than in those with IDDM after the diabetes is diagnosed [6]. The
Melbourne study (Cooper et al. [12]) also observed a progression of microal-
buminuria to macroalbuminuria, although the patients’ ages and the precise rate were
not described [12]. The estimate of the rate of progression of diabetic nephropathy
in NIDDM can be inaccurate due to the high mortality rate in these patients. For
example, in one study of 503 patients with NIDDM with normoalbuminuria as well
as microalbuminuria [5], 265 of those patients died during the 10-year period of
follow-up. Thus, that report could not accurately determine the rate of progression
of microalbuminuria to macroalbuminuria, although the incidence of deaths due to
uraemia was only 3%.

4. RISK FACTORS FOR PROGRESSION OF MICROALBUMINURIA
Results indicate that diabetic nephropathy in patients with NIDDM may progress
from normoalbuminuria to microalbuminuria, and thence to macroalbuminuria.
These stepwise progression may be influenced by the risk factors listed in table 10-
1.

Hyperglycaemia, or the poor glycaemic control, probably accelerates the
progression of diabetic nephropathy in both NIDDM and IDDM patients [15]. In the
study by Haneda et al. [13], the normoalbuminuric NIDDM patients with poor
glycaemic controls, who were evaluated by the mean glycated haemoglobin value,
showed a significant increase in microalbuminuria compared with patients with better
glycaemic control (table 10-2) [13]. In contrast, there was no significant difference
in glycated haemoglobin values in the study by Cooper et al. [12] between the group
showing progression (normo- to micro- or micro- to macroalbuminuria) and the
group without progression. Since both studies were hospital-based, and evaluated a
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Table 10-2. Mean values of hemoglobin A; (Hb A,) and the mean blood pressure
(MBP) in the first 3 years of the follow-up and the incidence of microalbuminuria
(Reproduced with permission from J Diab Compl and Elsevier [13]).

Parameter Incidence of micro-
albuminuria
Hb A, <9.5% 4/22 (18.2%)
>9.5% 7/12 (58.3%) p<0.05
MBP <95 mmHg 4/21 (19.0%)
>95 mmHg 7/13 (53.8%) p<0.05

small number of selected NIDDM subjects, no definite conclusion on the role of
hyperglycaemia as a factor leading to disease progression can be drawn. However,
a population-based study by Ballard et al. [16] in Minnesota found hyperglycaemia
to be a strong risk factor for the development of proteinuria in subjects with
NIDDM. The stage of microalbuminuria was not evaluated in that study, however
[16].

High blood pressure is another possible risk factor for the progression of
microalbuminuria. A strong association between albuminuria and hypertension is
typically reported [6,7], with only a few contradictory reports [17]. However, the
influence of elevated blood pressure on the development of nephropathy in patients
with NIDDM is not well documented. According to the 5-year follow-up study
conducted by Haneda et al. [13], the development of microalbuminuria in NIDDM
subjects who initially had normoalbuminuria increased significantly in the group
having a mean blood pressure exceeding 95 mmHg during the first three years of
observation (table 10-2) [13].

Similar results were obtained by Knowler et al. [18] in a study of the Pima
Indians. That study supported the predictive power of the blood pressure that was
determined before the onset of diabetes for the subsequent development of
microalbuminuria [18]. Elevated blood pressure is also associated with the
development of proteinuria in subjects with NIDDM [19,20]. Thus, hypertension or
an elevated blood pressure may accelerate the progression of diabetic nephropathy
at any stage of the disease. In addition to hypertension, a genetic predisposition to
hypertension is thought to increase the risk of diabetic nephropathy in patients with
IDDM [21,22]. However, such an association has not been observed in patients with
NIDDM [23,24], although a genetic background may influence the development of
diabetic nephropathy in such patients [25].

A high rate of urinary albumin excretion within the microalbuminuric range may
predict an increased rate of progression rate of nephropathy in patients with NIDDM
[13] as well as patients with IDDM [26]. The study by Haneda et al. [13] suggests
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Figure 10-1. Urinary albumin excretion rates (AER) in patients who remained microalbuminuric (open
circle, n=12) and in those who progressed to overt proteinuria (closed circle, n=6). (Reproduced with
permission from J Diab Compl and Elsevier [13]).

that subjects with an albumin excretion rate (AER) exceeding 100 ug/min constitute
a high risk group for overt nephropathy (figure 10-1).

Various other factors are thought to increase the risk of progression of
microalbuminuria. For example, an increased level of plasma atrial natriuretic
peptide (ANP) may influence the development of microalbuminuria, even in subjects
with NIDDM [27]. A dysfunction of renal endothelial cells measured by the plasma
level of von Willebrand Factor [28], and the elevation of the plasma levels of factor
Xla-¢;-antitrypsin complex levels [29] may be involved. An elevation of plasma
prorenin level has also been associated with an increase in albuminuria in both
NIDDM and IDDM patients [6]. Abnormal lipid metabolism may be another risk
factor. At this time, we lack longitudinal studies to evaluate the specific roles of
these factors in predicting the likelihood of progression of microalbuminuria.

In conclusion, patients with NIDDM with poor glycaemic control, elevated
blood pressure, and higher rates of urinary albumin excretion are at high risk for
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progression of diabetic nephropathy. The role of other possible factors such as a
genetic predisposition to hypertension, plasma prorenin levels and others remains to
be confirmed. Additional studies are needed to clarify the specific risk factors for
predicting the progression of diabetic nephropathy in patients with NIDDM.
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11. THE CLINICAL COURSE OF RENAL DISEASE IN CAUCASIAN NIDDM-
PATIENTS

SOREN NIELSEN and ANITA SCHMITZ

Diabetic nephropathy is now the most prevalent cause of end-stage renal disease
(ESRD) in the western world [1], accounting for approximately 30% of all patients
entering end-stage renal failure programmes [2]. Albeit diabetes is the single most
important cause of ESRD in the United States [3], the percentage of patients with
diabetes requiring renal replacement therapy in the European population is somewhat
lower [4], about 13 %, leaving glomerulonephritis and renal vascular disease due to
hypertension as the most frequent causes of ESRD [5]. Approximately one-half of
the diabetes related ESRD occur in NIDDM patients [6,7].

Clinical monitoring of diabetic nephropathy primarily include consecutive
determinations of the glomerular filtration rate (GFR), and in addition repeated
measurements of the urinary albumin excretion rate (UAE) during 24 hours or in
timed overnight collections should be implemented [8]. Even a minor abnormality,
microalbuminuria, with UAE in the range of 20-200 ug * min" (i.e. dipstick-negative
albuminuria), predicts an increased incidence of overt diabetic nephropathy [9] and
cardiovascular mortality [9-11], and studies in the Pima Indians have clearly
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documented, that diabetic proteinuria (i.e. UAE >200 ug * min™') is associated with
a poor prognosis in terms of survival [12].

For many years measurement of the plasma clearance of an intravenously
injected, single-dose of *'Cr-EDTA has been considered a reliable and reproducible
method for routine determination of GFR, and superior to assessment of the
endogenous creatinine clearance [13,14]. The coefficient of variation (CV) in an
unselected group of patients with various renal disorders is 4.1% in patients with
GFR=30 ml *min"! and 11.6% in patients with a GFR <30 ml * min! [14]. The
reproducibility of GFR determinations in diabetic patients has recently been
evaluated, showing a CV of the single-shot $'Cr-EDTA procedure very much like
that seen in the afore mentioned patients and similar to the constant '*I-iothalamate
infusion technique [15].

1. NEWLY DIAGNOSED NIDDM

Recent studies in caucasians have shown, that GFR is elevated 10-20% in newly
diagnosed NIDDM patients [16,17]. Moreover, increases in renal plasma flow (RPF)
[16] and kidney volume [17] were observed. By comparison to an age matched
control group Vora et al. showed, that 45% exhibited a GFR above the mean+2 SD
(=120 ml * min!' * 1.73 m’) of the control subjects. Frank hyperfiltration (GFR > 140
ml * min! + 1.73 m?) was not observed by Schmitz et al. [17] in contrast to 16 % in
the study by Vora [16].

In a population based study [18] one hour creatinine clearance was not increased
in 81 subjects with fasting hyperglycaemia (i.e. previously undiagnosed diabetes) as
compared to healthy sex and age matched control subjects.

In other ethnic groups limited hyperfiltration has been described in Pima indians
[19], whereas more pronounced increases in GFR has been found in Black
Americans [20].

2. IMPACT OF INITIAL METABOLIC TREATMENT

A few years ago Schmitz et al. demonstrated that, improvement of glycaemic control
during a 3 months period in 10 newly diagnosed NIDDM patients (mean(SD) age
59(5) years) reduced both GFR and kidney volume to normal values [17]. A
concomitant decline in UAE, which correlated positively to the fall rate in GFR, was
also seen. Recently, Vora et al. [21] investigated renal haemodynamics before and
after 6 months of antidiabetic treatment in 76 newly presenting NIDDM patients
with a mean(SD) age of 54(10) years. GFR and albuminuria declined significantly
during treatment, whereas mean values of RPF and filtration fraction were stable.
The fall rate in GFR was significantly, but not very precisely, correlated to
reductions in HbA,, and RPF, but not to changes in albuminuria, blood pressure or
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lipids. Furthermore, the decline in GFR was more pronounced in younger patients
with GFR levels above 120 ml * min™ * 1.73 m before treatment. Still, despite clear
reductions during 6 months, GFR remained greater than 120 ml * min™ + 1.73 m? in
a considerable number (32 %) of patients as compared to pretreatment level (45 %).
3. ESTABLISHED NIDDM

Cross-sectional studies in caucasian patients with established NIDDM show, that
GFR is well preserved in patients with uncomplicated NIDDM [22] as well as in
microalbuminuric patients [23] (table 11-1). Glomerular hyperfiltration (i.e. GFR
> mean+2 SD of a control group) has not been a consistent finding [18,22-24], but
a few studies, including studies in other ethnic groups, have described high levels
of GFR, in some of the patients (=20%), especially in those with the shortest
known diabetes duration [19,20,25].

4, LONGITUDINAL STUDIES

Two new prospective studies have evaluated the rate of decline in kidney function
using the single shot 'Cr-EDTA plasma clearance in NIDDM patients with different
levels of albuminuria [26,27]. These studies merely describe the clinical course of
renal involvement, not the natural history of diabetic nephropathy, since any drug
therapy (e.g. antihypertensive therapy), which may influence renal function and
albuminuria was continued (and adjusted) during the studies.

Normo- and microalbuminuria

A recent longitudinal study has confirmed, that NIDDM patients with normo- and
microalbuminuria preserve intact renal function. During a 3.4 year follow-up of 37
patients (mean(SD) age 63(5) years, known diabetes duration 7(5) years) Nielsen et
al. [26] found, that the average rate of decline in GFR in both normo- and
microalbuminuric patients was similar to that reported in healthy, non-diabetic
individuals (=-1.0 ml * min' + 1.73 m?) [28]. However, the change in GFR varied
considerably between individuals: from -13.5 to +4.3 (normoalbuminuria) and from
-7.0 to +4.2 ml*min'*1.73 m? per year (microalbuminuria). Univariate and
multiple linear regression analysis revealed, that the fall rate of GFR was
significantly related to the systolic blood pressure at baseline (figure 11-1), as well
as the mean systolic blood pressure during the study. Moreover, this relation was
maintained when the analysis was confined to the subgroup of patients (73 %)
without antihypertensive treatment. Conversely, the fall rate of GFR was not related
to the level of albuminuria, metabolic parameters, or baseline GFR [26]. Plasma
prorenin was not in our NIDDM patients found associated to microalbuminuria, nor
did this parameter predicts progression (unpublished data).
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Table 11-1. Glycaemic control, risk factors and kidney function in normo- and
microalbuminuric NIDDM patients

Normoalbuminuria Microalbuminuria
Sex (male/female) 14/5 14/5
Age (years) 64+4.5 64.5+4.2
Diabetes duration (years) 7.34+5.6 8.44+6.8
Body mass index (kg * m?) 27.143.2 28.243.7
Fasting p-glucose (mmol * 1) 8.5+2.5 9.1+2.7
HbA,, (%) 7.7+1.5 7.7+1.3
UAE (ug * min'') 7.0x/+1.6 61.7x/+2.3
GFR (ml *min"'*1.73 m?) 94+13 91420
Kidney volume (ml*1.73 m?) 220+45 260+54"
Systolic blood pressure (mmHg) 154+17 164 +22
Diastolic blood pressure (mmHg) 81+11 86+11
Retinopathy (N/B/P) 16/3/0 9/8/2"
Antidiabetic treatment (diet/oha) 6/13 4/15
Antihypertensive treatment (%) 21 37
Smokers/non-smokers 712 12/7

p<0.05

Values are: UAE: geometric mean X/+ antilog SD. Other: mean+SD or numbers.
Data obtained from reference 23.

A relation between the decline in renal function (estimated as the reciprocal
creatinine level) and systolic blood pressure has also been noted in an Israeli study
of somewhat younger (age 42(2) years, known diabetes duration<2 years),
normotensive patients followed for 14 years [29].

Diabetic nephropathy
The clinical course of renal function in NIDDM patients with proteinuria has
recently been evaluated by Gall and coworkers [27] in a 5.2 (range: 1.0-7.0) years
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Figure 11-1.

prospective study of 26 patients (mean(SE) age 52(2) years, known diabetes duration
9(1) years), in whom a kidney biopsy showed diabetic glomerulosclerosis. An
average of 7 (range: 3-10) GFR measurements were conducted in each patient. GFR
decreased from 83 (range 24-146) to 58 (2-145) ml * min' » 1.73 m?, with a mean
reduction of 5.7 ml * min’ » 1.73 m? per year. Again, considerable interindividual
variations were found, ranging from a decrease of 22.0 to an increase of 3.5
ml*min”'+1.73 m? per year. A concomitant increase in albuminuria from
(geometric mean (range)) 1.2 (0.3-7.2) to 2.3 (0.4-8.0) g/24 h (p<0.001) together
with the mean systolic blood pressure, the mean blood pressure and baseline GFR
correlated significantly to the rate of decline in GFR in a univariate analysis. No
correlations were demonstrated between the fall rate of GFR and the mean dietary
protein intake, mean total cholesterol, mean HDL-cholesterol or mean HbA
concentrations during the follow-up period. Stepwise multiple linear regression
analysis revealed that the mean systolic blood pressure during the study was the only
factor that significantly determined the rate of decline in kidney function. Although
the blood pressure remained unaltered throughout the study (162/93 at entry versus
161/89 mmHg at exit) the prevalence of arterial hypertension was quite high as
judged from the substantial number of patients requiring antihypertensive medication
(62% at entry versus 81% at exit). The overall mortality was 27%. Three patients
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died from uraemia and 4 patients from cardiovascular diseases. Two patients needed
renal replacement therapy at the end of the study.

A few other studies have indicated, that high systolic blood pressure may be a
major contributor to the progression of decline in kidney function. Baba et al. found,
that the fall rate in GFR correlated to systolic blood pressure in proteinuric NIDDM
patients with uncontrolled hypertension [30], and Stornello and coworkers reported
that normotensive NIDDM patients with persistent proteinuria treated with placebo
(or low dose Enalapril) during 12 months had stable GFR [31].

Thus, elevated systolic blood pressure is consistently posed as the most
important factor promoting future decline in GFR in NIDDM patients. However, it
is also clear, that the decline in renal function is negligible in patients with a systolic
blood pressure below 150 mmHg [26] or a mean blood pressure about 95 mmHg in
younger subjects [29]. Even in patients with systolic blood pressures above 150
mmHg the decline in GFR is quite slow, and end-stage renal failure may not be
involved in the long-term prognosis of these patients. In patients with overt
proteinuria, however, deterioration in kidney function is obviously accelerated in
some patients and related to the systolic blood pressure [27].

5. INTERVENTION STUDIES

The list of abnormalities associated with NIDDM and abnormal albuminuria (e.g.
obesity, sedentary lifestyle, hypertension, dyslipidaemia, haemostatic abnormalities
and insulin resistance) [32-34] opens a wide spectrum of options for intervention
studies focusing on the rate of progression of diabetic nephropathy.

Metabolic control

There are no long-term intervention studies of optimized metabolic control in
patients with long-standing NIDDM. The large-scale UK prospective study
(presently in progress) will probably enlighten our knowledge on the effects of
differentiated levels of glycaemic control on long-term complication risk (retinopa-
thy, nephropathy, neuropathy, cardiovascular diseases, etc). The study does,
however, not measure GFR, and levels of albuminuria are based on concentration
measurements rather than excretion rates.

Non-pharmacological intervention

Currently, the influence of non-pharmacological intervention (diets, regular exercise

or weight loss) on renal function in NIDDM patients have not been reported.
Studies evaluating the renal effects of different pharmacological treatments are

sparse, mainly short-term, uncontrolled, and inconsistent in terms of the methods

used for estimation of GFR.
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Antihypertensive drugs

In an Australian study [35] of a mixed group of diabetic patients (62% NIDDM)
with microalbuminuria, treatment with either an ACE-inhibitor or a calcium channel
antagonist for 12 months significantly lowered UAE. This effect was predominantly
seen in hypertensive patients (who also exhibited the greatest blood pressure
reduction). In the same study, patients with GFR above 135 ml * min' * 1.73 m? at
baseline showed a significant decrease in GFR (from 186 to 161 ml * min"' » 1.73 m’
%), while patients with lower baseline levels displayed rather stable GFR values
(from 96 to 92 ml *min" +1.73 m?). Similarly, in an uncontrolled, long-term (36
months) study of 10 hypertensive NIDDM patients with microalbuminuria, using the
single shot $'Cr-EDTA procedure, treatment with Indapamide significantly reduced
blood pressure from 180/100 to 140/85 mmHg and albuminuria from (mean(SEM))
81.5(1)/24 h to 29.0(4.5)/24 h, whereas GFR was unaffected by treatment =95
ml * min™' + 1.73 m [36]. Essentially, the same results have been described by others
[37] and in a number of short-term studies (6-12 months) comparing antihypertensive
drugs in hypertensive NIDDM patients with proteinuria [38-40]. Additionally, low
dose administration of B-blockers or ACE-inhibitors to normotensive NIDDM
patients with persistent proteinuria for 6-12 months also reduces albuminuria without
affecting systemic blood pressure or GFR [31,41]. Reductions in albuminuria,
without affection of renal function, following antihypertensive treatment seems a
rather early feature, as significant decreases have been demonstrated after no more
than 4 weeks of therapy [42].

Very recently, Ravid and colleagues [43] conducted a randomized, double-blind,
placebo controlled trial, in which they demonstrated, that treatment of normotensive,
microalbuminuric NIDDM patients (mean age 45 years, diabetes duration around 7
years) with an ACE-inhibitor (Enalapril 10 mg per day) for five years exerted a
stabilizing effect on albuminuria and kidney function (estimated by reciprocal
creatinine level), while a progression was observed in the placebo group. Forty-nine
patients received Enalapril and 45 took placebo. A concurrent, significant rise in
mean blood pressure was noted only among the placebo treated patients, again
stressing the importance of blood pressure in the progression of renal disease in
NIDDM.

Lipid lowering agents

In 1982 Moorhead and colleagues hypothesised, that chronic progressive kidney
disease may be mediated through abnormalities in lipid metabolism [44], and a
number of animal studies supporting this concept have been carried out. NIDDM
patients generally present abnormalities of lipoprotein metabolism [45] and these
abnormalities seem to progress more readily in patients with abnormal albuminuria
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[46]. So far, however, the literature on long-term clinical intervention trials in
NIDDM patients is strikingly scarce. In a study by Nielsen et al. [47] 18 patients
(mean(SD) age 65(4) years) with long-standing NIDDM (mean(SD) known diabetes
duration 10.6(6) years), moderate hypercholesterolaemia and microalbuminuria were
enroled in a randomized, double-blind, placebo controlled study assessing the effects
of a HMG-CoA-reductase inhibitor (simvastatin 10-20 mg per day for 36 weeks) on
kidney function and microalbuminuria. During treatment the mean total cholesterol
level was significantly reduced by simvastatin (from 6.7(0.7) to 5.1(0.5) mmol « 1!).
Compared to placebo, however, this marked improvement in the hyperlipidaemia did
not influence the GFR (single shot S'Cr-EDTA procedure), the degree of microal-
buminuria or the systemic blood pressure.

Presently, studies evaluating the renal effects of intervention against haemostatic
parameters and insulin resistance are not available.
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12. VON WILLEBRAND FACTOR AND THE DEVELOPMENT OF RENAL AND
VASCULAR COMPLICATIONS IN DIABETES

COEN D.A. STEHOUWER

Both in IDDM [1-4] and in NIDDM [5-10], the presence of microalbuminuria or
clinical proteinuria identifies a group of patients at very high risk of developing
severe vascular complications, ie, proliferative retinopathy, renal insufficiency, and
cardiovascular disease. Several hypotheses have been advanced to explain why an
increased urinary albumin excretion rate should be associated with an excess of
extrarenal complications [1,11-13]. This chapter will discuss the role of von
Willebrand factor (VWF), a haemostatic glycoprotein synthesised by endothelial cells
and megakaryocytes.

It has long been known that the plasma vVWF level is often elevated in diabetes
[reviewed in refs. 13 and 14]. Recent studies have shown such elevated plasma
levels to be closely related to an elevated urinary albumin excretion rate [10,15-18]
and cardiovascular disease [10], but not to the diabetic state per se, nor to early
retinopathy [13,15,19].
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This brief review will focus on the significance of the association of elevated
vWF levels with microalbuminuria [10,15,16,18], and discuss the implications for
clinical research and practice.

1. WHAT IS VON WILLEBRAND FACTOR?

vWF has a key role in platelet adhesion, thrombus formation and coagulation. It
facilitates platelet adhesion to the subendothelium by binding to the subendothelial
matrix and to platelet glycoprotein Ib; this process exposes glycoprotein IIb-IIla at
the platelet surface, which in turn enhances platelet adhesion and promotes
aggregation. In addition, vVWF binds and stabilises factor VIII, thus protecting this
crucial coagulation cofactor from inactivation. VWF is a polymer of variable
molecular weight (MW, 0.5-20 mDa), which consists of a series of dimer subunits
(MW = 260 kDa). It is secreted by endothelial cells, both constitutively and, under
certain circumstances, acutely, the latter by release from a storage compartment, the
so-called Weibel-Palade bodies. In addition, it is released from platelet a-granules
during platelet aggregation [20,21]. Normal plasma values, measured by electroim-
munopheresis or ELISA, are 50-150% (0.5-1.5 U/ml).

2. HIGH PLASMA vWF: MARKER OF ENDOTHELIAL INJURY

Injury to endothelial cells is associated with increased secretion of vVWF, both in
vitro and in vivo [reviewed in ref. 13]. Thus plasma levels are elevated in vasculitis
[22] and atherosclerosis [23]. By analogy, high vWF levels in diabetic patients with
microalbuminuria probably reflect endothelial injury. This contention is supported
by the fact that microalbuminuria is also associated with other markers of vascular
or endothelial damage. Thus, in IDDM, microalbuminuria is accompanied by
increased plasma concentration of angiotensin-converting enzyme, plasminogen
activator inhibitor-1 (PAI-1) and fibronectin, a high urinary excretion of type IV
collagen fragments, and increased transcapillary escape rate of albumin [1,13]. In
NIDDM, microalbuminuria has been shown to be related to elevated levels of
plasma fibronectin, thrombomodulin, tissue plasminogen activator, PAI-1 and serum
type IV collagen [13,18]. Studied in isolation, these markers are not specific for
endothelial injury. But their clustering points to the endothelium as the most likely
common source. Similarly, it cannot be entirely excluded that platelet activation
and/or decreased VWF clearance, rather than increased endothelial secretion,
contribute to high vWF levels. But direct evidence to support these possibilities is
lacking, whereas the indirect evidence cited above is consistent with the endothelium
as the origin of elevated plasma vWF.
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3. ENDOTHELIAL INJURY: CAUSE OF DYSFUNCTION

The close linkage between microalbuminuria and endothelial injury in diabetes is an
attractive explanation for the fact that microalbuminuria seems to be a risk marker
for atherosclerotic cardiovascular disease, because endothelial injury, which leads
to endothelial dysfunction, is a central feature of current models of atherogenesis
[24]. Furthermore, endothelial dysfunction may be important in the pathogenesis of
albuminuria [25,26]. How does such dysfunction become manifest in diabetes?

The vascular endothelium has extensive regulatory capacities. First, it controls
vascular permeability to macromolecules by modulating the biochemical and
biophysical properties of the extracellular matrix. Second, it affects vascular smooth
muscle and renal mesangial cell function by producing mediators such as nitric oxide
and endothelin. Endothelin, a 21-amino acid polypeptide, stimulates contraction and
proliferation of smooth muscle and mesangial cells; nitric oxide has opposite effects
[27]. Third, endothelial cells normally inhibit platelet adhesion and aggregation by
producing prostacyclin and nitric oxide [27], limit activation of the coagulation
cascade by the thrombomodulin-protein C and the heparan sulphate-antithrombin III
pathways [28], and regulate fibrinolysis by producing tissue plasminogen activator
and its inhibitor, PAI-1.

Endothelial injury alters these functions. The extent to which this occurs depends
on the nature of the injury and on the intrinsic properties of the endothelium. In
diabetes, the proximate causes of endothelial injury are not known but are likely to
include hyperglycaemia, advanced glycosylation products, and the components of the
insulin resistance syndrome (see 4.). Differences in the intrinsic vulnerability of the
endothelium probably contribute to the variation in susceptibility to these factors that
is clinically apparent.

Endothelial dysfunction in human diabetes takes various forms. First, it
contributes to basement membrane thickening; high levels of plasma fibronectin and
serum or urine type IV collagen may be markers of this process. Second, vascular
permeability is increased. In IDDM, this may be specifically due to loss of heparan
sulphate proteoglycan, which may explain the increased transcapillary escape rate
of albumin in microalbuminuric patients [1]. Third, vascular smooth muscle cell
contraction is enhanced, predisposing to the development of hypertension [27].
Fourth, platelet adhesion and aggregation are no longer inhibited but may actually
be stimulated through increased VWF secretion. Fifth, the endothelium loses its
anticoagulant and profibrinolytic nature, and may instead acquire procoagulatory and
antifibrinolytic properties [28], a transition marked by high plasma levels of
thrombomodulin and PAI-1.

From the foregoing it is clear that endothelial dysfunction is not a discrete
entity, nor does a gold standard exist. Endothelial dysfunction, in its various
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manifestations, is closely linked to an increased urinary albumin excretion rate.
Disturbances in endothelial functions are involved in the pathogenesis of both
microalbuminuria and cardiovascular disease, and may thus explain their association.
High plasma vWF levels represent one particular type of endothelial dysfunction.
Importantly, such dysfunction has been shown to precede and predict the develop-
ment of microalbuminuria in NIDDM [10], a finding supported by cross-sectional
studies showing abnormal endothelium-dependent vasodilatation [29] and decreased
fibrinolytic potential [30] in patients with normal urinary albumin excretion.
Whether endothelial dysfunction also precedes microalbuminuria in IDDM is not
clear [16,19,31,32]. It is also unclear whether the prognostic value of vWF [10,33]
is due to its specific functions, ie, enhancement of platelet adhesion and factor VIII
availability [16,34], or to the fact that it tends to parallel other types of endothelial
dysfunction [13].

4. WHAT CAUSES ELEVATED vWF LEVELS IN DIABETES?
Insulin-dependent diabetes mellitus

Poor glycaemic control is associated with high vWF levels [13,16], but the relation
is relatively weak. This is consistent with current thinking on the pathogenesis of
nephropathy, which postulates that hyperglycaemia is necessary but not sufficient to
cause severe microangiopathy [1,11]. Elevated levels of vWF have been shown to
be related to increases in growth hormone [35], fibrin generation [36], and blood
pressure [19]; endothelial dysfunction, in turn, may enhance fibrin formation [28]
and increase peripheral vascular resistance [27], thus creating the potential for
vicious cycles of increasing vascular damage. Except for hypertension, the
importance of these factors in the initiation and progression of diabetic complications
has not been definitely established [1,11,13], but these data [35,36] certainly suggest
that the effects of growth hormone and fibrin on the endothelium need further study
in the context of diabetic micro- and macroangiopathy.

Non-insulin-dependent diabetes mellitus

In NIDDM, the causes of high VWF levels, or of other types of endothelial
dysfunction, have not been elucidated. The most likely candidates are hyperglycae-
mia, hyperinsulinaemia, hypertension and dyslipidaemia, ie, the chief components
of the insulin resistance syndrome [12].

Although glucose is clearly toxic to cultured human endothelial cells [37], the
relationship between measures of hyperglycaemia and cardiovascular disease
incidence in NIDDM is not particularly strong, nor is the relationship with vWF
[10]. Possible explanations include unknown protective factors in human endothelium
in vivo or an overriding influence of other components of the insulin resistance
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syndrome. Moreover, it may be the interplay among the components of the insulin
resistance syndrome which may prove crucial.

The effects of hyperinsulinaemia on endothelial function have not yet been
extensively studied. Endothelial cells do have insulin receptors; insulin can increase
endothelial production of endothelin [38], a potent vasoconstrictor and mitogen.
Endothelin may be involved in atherogenesis [39] and the progression of renal
disease [40]. Plasma levels of endothelin have been reported to be elevated in
NIDDM ([41]. Hyperinsulinaemia may, in addition, increase plasma levels of PAI-1,
which inhibits fibrinolysis and facilitates the persistence of fibrin, which can damage
the endothelium [30]. Recent data indicate that hyperinsulinaemia is also related to
high vWF levels [42].

Similarly, data on the relationship between hypertension or dyslipidaemia and
endothelial dysfunction in NIDDM are scarce. In our cohort study, blood pressure
and lipid levels were not strongly related to vVWF levels [10]. Lipid levels did not
predict the development of increases in urinary albumin excretion either [10,43];
rather, serum HDL-cholesterol levels, by unknown mechanisms, seem to decrease
after microalbuminuria develops [10,43]. Microalbuminuria may be associated with
a slightly increased blood pressure [7,10,44], but whether this is the cause of
microalbuminuria or the consequence of the processes underlying the development
of microalbuminuria (eg, endothelial dysfunction [27]) is not clear.

5. vWF: USE IN CLINICAL RESEARCH AND PRACTICE

The data reviewed strongly suggest that plasma VWF level may be useful as an
estimate of endothelial injury in diabetes, similar to its proposed use in vasculitis
[22].

The development of microalbuminuria was accompanied by an increase in vVWF
from (median) 121 to 203 % in IDDM [16], and from 116 to 219% in NIDDM [10].
The baseline level of and the change in vVWF were strongly related to the develop-
ment of microalbuminuria in NIDDM and explained 60 % of its variance [10]. Note,
however, that variable changes in VWF level, of as yet unclear prognostic
significance, were also observed in patients with persistently normal urinary albumin
excretion [10,16,18,19].

In IDDM and in NIDDM, decreases in urinary albumin excretion achieved by
improvement of glycaemic control and/or antihypertensive therapy are often
accompanied by decreases in plasma VWF [10,16, and unpublished observations].
Thus, VWF can be used to follow the effects of treatment on vascular (as opposed
to renal) function. In addition, vVWF may have diagnostic value in NIDDM, because
microalbuminuria, in the absence of high vWF levels, did not confer an increased
risk of cardiovascular disease when compared to patients with normal urinary
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albumin excretion [10]. Stated differently, there may be two types of microal-
buminuria in NIDDM: one in which vascular damage is generalised and the risk of
cardiovascular disease is increased, and another in which pathology is limited to the
kidney and the risk of cardiovascular disease is similar to that in patients with
normal urinary albumin excretion. Plasma vWF level may be used to distinguish
between these two types of microalbuminuria. This hypothesis, incidentally, is
consistent with the finding that clinical proteinuria in NIDDM is often not due to
diabetic glomerulosclerosis [45].

Several problems remain, however. First, the normal range of vWF, from 50-
150%, is quite wide, suggesting that changes in VWF may be a more sensitive
marker than a single value. Second, the intra-person day-to-day variability of vVWF
levels may be as high as 20%, although this can be reduced to about 10% by
carefully standardising the blood sampling procedure [13].

6. CONCLUSION

Endothelial dysfunction is present from the earliest increase in urinary albumin
excretion in diabetes [1,10,16,18] and may in fact precede it [10]. Endothelial
dysfunction may explain why microalbuminuria appears to be a marker of a high
risk of (extrarenal) cardiovascular disease in diabetes. Elevated and/or increasing
plasma vWF levels reflect endothelial injury and dysfunction. The vWF plasma level
may serve as a useful marker for the state of the vascular endothelium in trials
aiming to prevent or delay progression of cardiovascular and renal disease in
diabetes.
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13. SMOKING AND DIABETIC NEPHROPATHY

PETER T. SAWICKI

In 1978, Christiansen reported that cigarette smoking is a risk factor for the
development of diabetic nephropathy [1]. He found a significantly higher prevalence
of persistent proteinuria among patients who were or had been cigarette smokers.
In a later study by Telmer et al. [2], the earlier findings were confirmed in a greater
number and better characterised group of Type 1 diabetic patients. In 668 patients,
the prevalence of diabetic nephropathy was significantly higher among heavy
smokers (more than 10 cigarettes per day for more than 1 year) than among other
patients, that is 19% vs. 12%. In addition, a higher frequency of clinical nephropa-
thy was found with increasing cigarette consumption. Among patients who smoked
a maximum of 10 cigarettes per day, about 13 % had clinical diabetic nephropathy,
whereas it was more than 25% among those patients who smoked 30 cigarettes per
day. An association between smoking and nephropathy was also observed by Nordén
and Nyberg [3]. They compared smoking habits in 47 matched pairs of Type 1
diabetic patients with and without nephropathy. Patients with nephropathy had a
significantly higher smoking index than their controls. There were also more current
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smokers, more heavy smokers, and fewer individuals who had never smoked in the
nephropathy group than in the control group. With respect to retinopathy, study
results had been controversial [4]. It is of note, that in these early studies
glycosylated haemoglobin values had not been included into the analyses as a
possible confounding factor.

In a later cross-sectional case-control study the association between current
cigarette smoking, macroproteinuria, and retinopathy, including glycosylated
haemoglobin values has been re-examined [S]. Out of a cohort of 1254 Type 1
diabetic patients, 90 female and 102 male cigarette-smoking patients with a duration
of diabetes of at least 6 years were pair-matched with non-smoking patients with
respect to sex, duration of diabetes, and age. The percentages of patients with
macroproteinuria or proliferative retinopathy were significantly higher in smokers
than in non-smokers, although the difference with respect to proliferative retinopathy
was significant only for women. On the other hand, glycosylated haemoglobin values
and the percentages of patients with hypertension were comparable between smokers
and non-smokers. After an average duration of diabetes of 14 years, macroprotein-
uria was found in 19 % of the smoking and 8 % of the non-smoking patients, whereas
the percentages of patients with normal proteinuria or without retinopathy were
comparable between the two groups. Since ex-smokers had been included in the non-
smokers patient groups, the associations between smoking and nephropathy might
have been underestimated. The main results of this latter study were supported by
an observation by Stegmayr and Lithner [6] who found that 21 of 22 uraemic Type
1 diabetic patients were tobacco users, whereas this was the case in only 10 out of
22 well-matched non-uraemic patients selected from their diabetes outpatient clinic.
An association between proteinuria and smoking has also been found among Type
1 diabetic patients who survived for 40 years or more [7].

Recent prospective studies support the concept that cigarette smoking is a
relevant factor in the clinical course of diabetic nephropathy [8-17]. In a clinic-based
study Chase et al. [10] evaluated the association of smoking and progression of
albuminuria (borderline and abnormal, over 7.6 ug/min) in young insulin-dependent
adults aged about 20 years with a diabetes duration of about 11 years and a rather
low prevalence and mild degrees of nephropathy (only 3% were considered to be
hypertensive). Over a follow-up period of 2 to 3.5 years the progression of
albuminuria and of retinopathy was greater in smokers. Albuminuria decreased
significantly when subjects ceased smoking. Smoking remained a significant factor
in the logistic regression model for albuminuria when controlled for possible
confounding factors, such as glycohaemoglobin levels; the odds ratio of developing
a significant increase of albuminuria was 2.2 times higher for smokers.
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Other studies have been confirmatory [11,12,15]. In a four-year prospective
study the factors predicting albuminuria were evaluated in 172 normotensive,
insulin-dependent diabetic patients without overt nephropathy [11]. Initial urinary
albumin excretion and glycosylated haemoglobin were the major predictors of the
level of albuminuria after four years, whereas weaker associations were found with
a history of hospital admission, smoking and treatment of blood pressure. In another
observational study including a cohort of 148 non-microalbuminuric, non-hyperten-
sive insulin-dependent diabetic patients followed for four years, poor glucose
control, an early rise of arterial pressure and smoking were implicated in the
development of persistent microalbuminuria [15]. Ekberg et al. [9,12] reported an
association between glomerular hyperfiltration and smoking in insulin-treated
patients. The prevalence of hyperfiltration in smokers was 41% compared to 18%
in non-smokers.

Although these data strongly suggest an association of smoking with the
development and/or progression of diabetic renal damage, other explanations are
possible. Thus, it could be, that smoking influences renal tubule and permeability
functions independent of any specific effects on clinical propensity to nephropathy
and renal insufficiency. Alternatively, smoking may not be directly related to
nephropathy at all; the smoking status may merely be an indicator for particular
patterns of health behaviour that are due to affect renal function detrimentally.

Some clarification of this question comes from a study by Sawicki et al. [17].
In a prospective investigation possible factors associated with the progression of
diabetic nephropathy over a period of one year have been evaluated. The study
included 92 Type 1 diabetic patients with long duration of diabetes, hypertension and
diabetic nephropathy. All patients were under intensified insulin and antihypertensive
therapy. Consequently, these patients had well controlled blood glucose and blood
pressure values throughout the observation period. A progression of renal disease
was defined according to the stage of nephropathy as an increase in proteinuria or
serum creatinine or a decrease in glomerular filtration rate. Progression of
nephropathy was found in 53 % of smokers as compared to 11 % of non-smokers and
33 % of ex-smokers. The adjusted odds ratio for progression of nephropathy between
smokers (including ex-smokers) and never-smokers was 6.7. It was concluded that
smoking represents an important factor associated with progression of diabetic
nephropathy in patients who are intensively treated for hypertension. There was a
dose dependent increase of risk for progression of nephropathy with the number of
smoked cigarettes, figure 13-1.

Further support for a direct role of smoking on the progression of nephropathy
comes from observations derived from patients with lupus nephritis [13]. In a
retrospective cohort study an inception cohort of 160 adults with lupus nephritis
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smoking and progression of diabetic nephropathy
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Figure 13-1. Results from logistic regression analysis {17]. Estimated odds ratios for progression of
diabetic nephropathy and number of cigarette pack years.

were followed-up for a median of 6.4 years. Hypertension and smoking status at the
onset of nephritis were strongly and independently associated with differences in the
time to development of end-stage renal disease. The median time to end-stage renal
disease was 145 months among smokers and it was longer than 273 months among
non-smokers. These effects persisted in multivariable analyses adjusted for
differences among patients in age, gender, socio-economic status, renal histology,
and immunosuppressive treatment.

Associations between smoking and progression of proteinuria have also been
found in Type 2 diabetic patients. In an analysis of the Wisconsin Study [14]
including 794 Type 2 diabetic patients with an average age above 60 years, who
were free of proteinuria at recruition and still alive at follow-up, the relative risk of
developing gross proteinuria during a 4-year interval was 2 to 2.5 for heavy smokers
(highest level of total pack-years smoked) compared to those who had never smoked.
After controlling for other risk variables, the incidence of gross proteinuria was also
associated with higher glycosylated haemoglobin values. It is of note, that in contrast
to this prospective study, several cross-sectional analyses of the Wisconsin study had
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failed to identify a consistent and strong association between smoking and diabetic
late complications, including nephropathy [18,19,20]. A possible reason is selective
mortality, that is, persons who developed nephropathy may have died before their
examination.

Summing up these studies on smoking and nephropathy, there is increasing
evidence that smoking or an unknown factor closely related to smoking has a strong
impact on the development and progression of proteinuria and impairment of renal
function in diabetes. Therefore, smoking status has to be taken into account in
clinical studies on the course of nephropathy.

The mechanisms by which smoking increases albuminuria/proteinuria and
promotes nephropathy are unknown. Interestingly, abnormality on urine analysis,
including proteinuria, has also been found to be more common in male and female
smokers in a population-based study, but the reasons for this finding remained
unclear [21].

Smoking a cigarette induces acute haemodynamic and metabolic changes
mediated through adrenergic mechanisms. The smoking associated sympathetic
discharge is physiologically reflected by a transient rise of pulse rate and blood
pressure [22]. In addition to sympathetic stimulation, smoking a cigarette is followed
by transient increases of plasma cortisol, ACTH, and aldosterone levels in
hypertensive subjects [23]. Despite these complex acute haemodynamic and
hormonal effects, in epidemiological studies smoking has not been found to increase
the risk of hypertension [24]. However, recent studies have revealed that by
continuous monitoring of blood pressure heavy smoking is associated with sustained
and substantial increases in blood pressure during the day [25,26]. The blood
pressure increasing effect of smoking is short-lived, i.e. it lasts for about half an
hour and can therefore be missed during the blood pressure measurement in the
clinic. Comparable blood pressure measurements in diabetic patients who smoke
have not been published so far. The hypothesis that smoking deters its damaging
effects on the kidney via an increase in blood pressure would be in accordance with
the fact that the strongest associations are consistently found between cigarette-pack
years and parameters of kidney function [1,2,6,8,14,17].

Several recent large prospective cohort studies have shown that diabetic patients
who smoke have an approximately two-fold increased mortality risk, and the main
cause of death is cardiovascular [27-33]. Patients with overt diabetic nephropathy
have an excessively increased risk of dying, the main cause of death being
cardiovascular. Patients with end stage renal disease, who smoke, run a particularly
high mortality risk [6,8]. In a recent study the prevalence of, and risk factors for,
angiographically determined coronary artery disease in Type 1 diabetic patients with
nephropathy have been analysed [34]. Coronary artery disease was diagnosed in 52
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of 110 patients undergoing routine pre transplant coronary angiography. Smoking
of more than 5 pack-years was a significant risk factor for coronary artery disease
in this high risk patient group. In addition, higher serum nicotine levels after
smoking a cigarette in subjects undergoing haemodialysis [35] may contribute to the
particularly high risk of smoking in patients with end stage renal disease.

Programmes to help diabetic patients to stop smoking have been so far
unsuccessful [4,36,37]. Even an extensive behaviour therapy anti-smoking
intervention programme was as poorly effective as a single unstructured anti-
smoking advice given by a physician [38]: Form a total of 794 smoking diabetic
patients only 11% agreed to participate in a »stop smoking programme«. These
patients who wanted to stop smoking were randomised either to a behaviour therapy
group or to a single »physicians anti-smoking advice« group. After 6 months non-
smoking was confirmed in 5% of the behaviour therapy group and 16% of the
physicians advice group only.

In conclusion, cross sectional and longitudinal studies have identified smoking
as an important risk factor for progression of nephropathy cardiovascular diseases
and overall mortality in diabetic patients. However, smoking cessation programmes
have been unsuccessful in diabetic patients and smoking still represents an important
unresolved problem in the treatment of diabetic patients.
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14. LIGHT MICROSCOPY OF DIABETIC GLOMERULOPATHY: THE CLASSIC
LESION

STEEN OLSEN

The history of our knowledge of the light microscopy of diabetic glomerulopathy
began with the famous paper by Kimmelstiel and Wilson in 1936 [1]. With some
Jjustification, it can be said that it has been completed by the careful analysis of large
series by Thomsen 1965 [2] and Ditscherlein 1969 [3], the first mentioned taking
advantage of the introduction of percutaneous renal biopsies.

Histologic lesions of the renal glomerulus in diabetics were not totally unknown
when Kimmelstiel and Wilson reported their findings, but the exact relationship of
these alterations to the diabetic state was unclear. Kimmelstiel and Wilson were the
first investigators to draw attention to the characteristic »intercapillary«, nodular
thickening of mesangial regions and its association with a clinical syndrome
consisting of severe proteinuria, edema, hypertension, and eventually a decrease in
renal function.

The histology of diabetic glomerulopathy described here rests upon the
cornerstones mentioned above as well as on other important contributions published
by several authors, among them Allen [4], Bell [5-7], Fahr [8], Spiihler and
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Figure 14-1. Diabetic glomerulosclerosis, diffuse type. There is slight increase of PAS-positive material
in all mesangial regions, radiating from the vascular pole (upper right). PAS-haematoxylin.

Zollinger [9], Muirhead et al. [10], and Randerath [11]. The juxtaglomerular
arterioles will be included in the discussion due to their close functional and
anatomic connection with the glomerulus.

1. THE DIFFUSE LESION

This consists of a uniform widening of the mesangial regions (figure 14-1). It is
particularly well exhibited in sections stained by periodic acid-Schiff (PAS) or by
silver methenamine that display structures often described as finger-like radiations
from the glomerular hilum.

2. THE NODULAR LESION

As the volume of the mesangial matrix increases, some mesangial regions become
more prominent than others and may take on a globular shape (Figure 14-2). The
mesangial nodule is thus created by a gradual increase of the diffuse lesion and the
distinction between them is arbitrary. Several nodules may be present in each
glomerulus, but usually only a few of the mesangial regions are affected in this way.
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Figure 14-2. Diabetic glomerulosclerosis. The diffuse component is more marked than in figure 14-1 and
a nodule has been formed from a particulary voluminous mesangial region. PAS-haematoxylin.

The nodules are distributed in a horseshoe-shaped area corresponding to the
peripheral mesangium [12]. The other mesangial regions present the diffuse lesion.

Small nodules contain evenly distributed mesangial cells, but, in medium-sized
or large nodules, the central areas are almost always acellular. The periphery of the
nodule contains one or a few layers of mesangial cells. Around the nodule, a ring
of capillaries is present and they may be dilated. It has been suggested that the
formation of the nodule is preceded by focal mesangiolysis [13,14].

3. THE FIBRINOID CAP

This lesion [8,9,15,16], also called fibrin cap, is situated in the peripheral capillary
wall and has a crescentic shape (figure 14-3). If the basement membrane is stained
by silver methenamine, the cap appears to be situated between this and the
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Figure 14-3. Fibrinoid cap in diabetic glomerulosclerosis. Totally obsolescent glomerulus with several
fibrinoid caps, one of them indicated by an arrow. The crescent-shaped pale area to the left is
subcapsular, fibrotic tissue. The PAS-positive glomerular basement membranes form a solid, retracted
tuft. PAS-haematoxylin.

endothelium. Its structure is homogeneous although small vacuoles may be seen in
which lipids can be demonstrated in frozen sections stained by oil-red.

4. THE CAPSULAR DROP

This lesion [1,3] is situated on the inner side of the capsule of Bowman. It
sometimes looks like a drop (figure 14-4), but it may also be more extended, as a
slender, fusiform deposit. Its outer border is formed by the capsule of Bowman; its
inner projects toward the urinary space.

5. ARTERIOLAR HYALINOSIS

In the early stage of arteriolar hyalinosis (or hyaline arteriolosclerosis), small drops
of strongly eosinophilic material accumulate in the wall of the juxtaglomerular
arterioles. They may be situated in the intima or in the media. They gradually
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Figure 14-4. Capsular drop in diabetic glomerulosclerosis. A large, drop-shaped deposit (arrow). PAS-
haematoxylin.

increase in size and eventually involve the whole arteriolar wall, which then appears
as a strongly thickened, homogeneous structure. Arteriolar hyalinosis in diabetes
involves the afferent arteriole as well as the efferent arteriole (figure 14-5).

6. STAINING CHARACTERISTICS AND HISTOCHEMISTRY
Histochemical studies have been published by several authors [10,16,17]. The most
important results are presented in table 14-1. The fibrinoid cap, capsular drop, and
arteriolar hyalinosis are identical in staining characteristics, which is why some
authors have included them in one group called exudative lesions. Some authors use
this term, however, only for fibrinoid caps.

Reports on immunofluorescence data are not unanimous. Some investigators
have found immunoglobulin G (IgG), in a finely linear pattern along the capillary
walls [18,19]. We found [20] that the reaction was weak and only present in some
cases. The nodules were negative. Exudative lesions are positive for fibrinogen, C3,
B-lipoprotein, and (weakly) for IgG [20]. Some authors have reported the presence
of insulin and/or antiinsulin, detectable by immunfluorescence, but we as well as
Westberg and Michael [19] could not demonstrate these proteins. The different
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Figure 14-5. Arteriolosclerosis in diabetes. There is moderate hyaline arteriolosclerosis in both the
afferent (double arrow) and the efferent (arrow) arterioles. A, interlobular artery. PAS-haematoxylin.

results may partly be due to technical differences and partly to subjective interpreta-
tions.

7. DEVELOPMENT OF THE LESIONS BY TIME

The most powerful determinant for the appearance and development of glomerular
and vascular lesions in diabetes is duration of the diabetic state [2]. Diffuse
glomerulopathy can be demonstrated by ultrastructural morphometry after a few
years of diabetes [21], but is usually not distinct light-microscopically until 5-10
years after the onset of the disease. Nodular glomerulosclerosis demands at least 15
years of diabetes to develop. The nodules tend to disappear with marked glomerular
obsolescence.

Whereas the precise onset of the diabetic disease is known in insulin dependent
diabetes (IDDM) this is not the case with non-insulin dependent diabetes (NIDDM)
in which the disease may have been present several years before diagnosis. This is
why glomerular nodules may occasionally be seen in patients with a known duration
of diabetes of less than 15 years, and they may even occur at the time diagnosis
made. The diffuse lesion and arteriolosclerosis occur in 20% of patients before 5
years have elapsed from the apparent onset [2]. These lesions are nonspecific, and
thus their presence in a patient suffering from diabetes may be unrelated to the
diabetic state.
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Stain Diffuse Nodular Exudative®
Haematoxylineosin + red + red ++ red
V.Gieson-Hansen + red + red + + yellow
Masson-trichrome + + blue ++ blue +++ red
Phosphotungstic 0 0 +++ deep blue
acid-haematoxylin
PAS after diastase ++ ++ +++
Silver-methenamine  + +black +/- black fibrils in 0

pale matrix
Alcian-blue + 0 0
Congo red, other 0 0 0
amyloid stains
Neutral fat 0 (+) + fat vacuoles

occasionally

*Exudative lesions are fibrinoid caps, capsular drops, and arteriolar hyalinosis

The fibrinoid cap occurs most frequently in the later stages of glomerulopathy,
but, in contradistinction to all other glomerular lesions in this disease, the capsular
drop is found almost as often in earlier as in later stages [2].

A peculiar and as yet unexplained fact is that about 60% of patients with long-
standing diabetes do not develop clinical nephropathy or diabetic glomerular
changes.

8. GLOMERULAR STRUCTURE IN THE TERMINAL PHASE

The appearance of glomeruli in advanced diabetic glomerulopathy presents a broad
spectrum ranging from totally occluded to almost normal glomeruli. Glomeruli,
which are still open, may be hypertrophic and often present global mesangial
hypercellularity. Totally occluded glomeruli are not evenly distributed, but tend to
be concentrated in radiating stripes parallel to the medullary rays [22]. There is no
difference in the severity of glomerular involvement between deep and superficial
cortical zones. The total number of glomeruli decreases with progression of the
diabetic nephropathy, at least in IDDM [23].
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It is important to realize that this terminal pattern is not exclusively due to
glomerular alterations specific for diabetes. Ischemic scarring and focal glomerular
sclerosis occur and may indicate that causes other than progression of diabetic
glomerular lesion may be partially responsible for the development of renal failure,
such as vascular constriction with glomerular ischemia and lesions due to hyper-
function of remaining glomeruli. This idea is discussed in Chapter 31.

9. SPECIFICITY OF THE LESIONS

The diffuse lesion is completely nonspecific and may be present in older people
without diabetes. The combination of arteriolosclerosis and the diffuse lesion often
occurs in hypertension, but involvement of both the afferent arteriole and the
efferent arteriole is regarded as a strong indication of diabetes [6,24,25].

The nodular lesion is often regarded as pathognomonic for diabetes. It is true
that numerous reports of nodular lesions in non-diabetic patients have been published
[for a list, see ref. 3]. Most of these reports can be criticized, however, either
because of doubt as to absence of diabetes or to lack of application of precise
criteria for the morphologic diagnosis. There are, however, well documented cases
on record with typical nodular glomerulopathy without diabetes [26,27].

Although the rypical nodular lesion is very strongly associated with diabetes,
there exist nevertheless other conditions in which glomerular nodules may occur.
Since these may present diagnostic difficulties, they will be briefly mentioned here.
For a detailed report and illustrations, the reader is referred to an earlier publication
[28].

In renal amyloidosis, abnormal homogeneous substance is deposited in the
peripheral as well as mesangial parts of the glomerular capillary walls. In rare cases,
the deposits may take on the shape of typical diabetic nodules with an acellular
center. They can be correctly classified by the use of amyloid stains and by
demonstration of typical fibrils on electron microscopy.

Some types of advanced glomerulonephritis (mesangial proliferative, membrano-
proliferative) have a histology that resembles nodular glomerulosclerosis. In
glomerulonephritis, however, there is a distinct hypercellularity and the central,
acellular area that is so characteristic for diabetes is not present. Nodules in
glomerulonephritis involve all mesangial areas and are of almost equal size.
Immunodeposits are usually present, but are faint or absent in diabetes.

Glomerulonephritis can occur in a patient suffering from diabetic glomeruloscle-
rosis, and this combination has been thought to be more frequent than could be
explained by more coincidence [29,30]. A systematic autopsy study of patient with
NIDDM did, however, not show increased incidence of glomerulonephritis [31]. The
presence of glomerulonephritis in a patient with diabetes mellitus should be
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suspected if clinical signs of nephropathy appear prematurely, if persistent
haematuria is present, or in the event of sudden increase in proteinuria or
deterioration of renal function. In such cases, renal biopsy should be done.

Glomerular nodules may also be present in various dysproteinemias (e.g.

multiple myeloma and heavy-chain disease [32-35].

The clinical picture may often solve the diagnostic problem, but the occurrence

of glomerular nodules in these diseases should be a reminder to the pathologist not
to postulate the presence of diabetes on the prima facie detection of nodular
structures in the glomeruli.
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15. HAEMATURIA AND DIABETIC NEPHROPATHY

PRISCILLA KINCAID-SMITH and JUDITH A. WHITWORTH

The diagnosis of diabetic nephropathy is often straightforward. The patient has had
long-standing juvenile-onset insulin-dependent diabetes mellitus, has developed
retinopathy and proteinuria, and then has progressed to chronic renal failure.
Haematuria has not been regarded as a prominent feature of the disease, and the
urinary sediment has been ignored by the majority of authors.

In this chapter, we consider first the nature and diagnosis of haematuria,
secondly the problem of associated glomerulonephritis, and thirdly review the urine
findings in our patients with biopsy-proven diabetic nephropathy.

1. HAEMATURIA

In his monograph, The Kidney [1], published in 1973, Professor Jan Brod wrote:
»Red cells of glomerular origin generally bear traces of their long journey through
the renal tubules, where they are constantly faced by changing surroundings; they
are usually shrivelled or deformed and sometimes look as if they had been extracted.
Red cells from the pelvis and the urinary passages are normal in appearancex.
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Figure 15-1. Dysmorphic urinary erythrocytes indicative of glomerular bleeding.

The distinction between haematuria of nephrologic significance (i.e., intrinsic
renal disease, particularly glomerulonephritis) and hematuria of predominantly
urologic interest (e.g., cancer of the urinary tract) has been a vexing clinical
problem. An important advance was made when Birch and Fairley in 1979 [2]
reported that glomerular bleeding could be distinguished from non-glomerular
bleeding by simple examination of the urine sediment using phase-contrast
microscopy [3].

The technique for evaluation of the urinary sediment using phase-contrast
microscopy [3] is as follows: A 10 ml fresh midstream urine sample is centrifuged
for 5 minutes at 750 g in a centrifuge with a swingout head; 9.5 ml of supernatant
is removed with a pipette. The deposit is then re-suspended and examined in a
Fuchs-Rosenthal chamber using phase-contrast microscopy with an Olympus BH
microscope with positive phase-contrast illumination.

Red cells are regarded as dysmorphic, i.e., glomerular in origin, if they are
variable in size and shape (figure 15-1). Cells may show extrusion of blebs of phase-
dense cytoplasm from the cell membrane, apparent rupture of the limiting membrane
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Figure 15-2. Isomorphic urinary erythrocytes indicative of non-glomerular bleeding.

with loss of cytoplasm giving rise to red cell ghosts, granular deposits of phase-
dense material around the inner aspect of the cell membrane, peripheral cytoplasmic
extrusions resembling »doughnuts«, yeast-like buds, and a variety of cell remnants.

Isomorphic red cells are those that are uniform in shape and size (figure 15-2).
The majority resemble conventional red cells with apparently normal haemoglobin
content although red cell ghosts may be seen. Such cells are characteristic of lower
tract bleeding, e.g., secondary to bladder tumour.

Birch and co-workers [4] established that red blood cells are present in the urine
of normal subjects in counts of up to 8,000 mm’® (0.8 X 107/L). Subsequently they
systematically examined urine samples from patients referred for investigation of
microscopic haematuria without knowledge of any of the clinical details (table 15-1).
Dysmorphic erythrocytes regarded as evidence of glomerular bleeding were found
in 86 of 87 patients with glomerulonephritis. Isomorphic cells characteristic of non-
glomerular lesions were found in 30 patients with non-glomerular disease, including
analgesic and reflux nephropathy, renal calculi, urinary infection, renal carcinoma,
hydronephrosis, and warfarin overdose. A mixed morphologic pattern was found in
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Table 15-1. Erythrocyte morphology in 117 patients with haematuria (modified from
Birch et al. [4])

Glomerular Disease Non-glomerular Disease
(n=87) (n=30)
Dysmorphic erythrocytes 78 (67%) 0 (0%)
Isomorphic erythrocytes 1 (0.9%) 28 (24%)
Mixed pattern 8 (7%) 2 (1.7%)

ten patients and dual pathology was confirmed in four of these. Electron microscopy
of urinary erythrocytes from patients with glomerulonephritis showed a wide range
of dysmorphic changes (figure 15-3). A minority of cells showed their normal
biconcave disc shape and most were distorted with scattered surface irregularities,
some showed plasmalemmal rupture, and prominent projections from the surface
were very common in association with an almost spherical cell shape. Scanning
electron microscopy also showed a wide range of appearances. Glomerular bleeding
was thus detected with a high degree of sensitivity (99 %) and specificity (93 %). The
test was also a sensitive indicator of non-glomerular bleeding with a sensitivity of
100% and a specificity of 90%.

2. GLOMERULONEPHRITIS AND HAEMATURIA IN DIABETES

Carstens and co-workers [5] reported two patients with rapidly progressive
glomerulonephritis superimposed on diabetic glomerulosclerosis. They commented
in discussion that microscopic haematuria and an occasional RBC cast can be seen
in patients with biopsy-proved pure diabetic glomerulosclerosis but no details were
provided.

In another study from the United States, O’Neill and co-workers [5] presented
clinical and pathologic data from eight patients with established diabetes mellitus,
and significant microscopic haematuria and red cell casts. Three of their eight
patients had associated glomerular disease (post-infectious glomerulonephritis in two
and immunoglobulin-A (IgA) disease in one). In the other five patients, only diabetic
nephropathy could be identified. They then examined prospectively the urinary
features of a population of patients with diabetic nephropathy: 30 patients had
insulin-dependent diabetes mellitus with diabetic retinopathy. Nine (30%) of 30
patients had more than ten red blood cells per high-power field. Quantitative counts
were not performed and it should be noted that the upper limit of normal in our
hands is very much less than ten cells per high-power field. A total of 13% also had
red cell casts. However, none of these patients underwent renal biopsies so a second
glomerular disease cannot be excluded. They concluded that microscopic haematuria
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Figure 15-3. Transmission electron micrograph of dysmorphic urinary erythrocytes X 4,200. Courtesy
of Professor G.B. Ryan and reproduced with permission [4].

and red cell casts can be found in patients with otherwise typical diabetic nephro-
pathy and in whom no additional glomerular disease can be identified. Kasinath et
al. soon after reported non-diabetic renal disease in 10 of 122 diabetic patients
undergoing renal biopsy, including lupus, acute post-streptococcal nephritis,
membrano-proliferative (type 1) glomerulonephritis, focal glomerulosclerosis,
membranous and non-specific immune complex nephritis. Red cell casts were found
in 3 cases, many’ red cells in 3, 10-12 (presumably RBC/hpf although not stated)
inl1, 810in 1, 3-5in 1, 3-4 in 1, and none in 3 patients. These authors regarded
haematuria in the absence of urinary infection or RBC casts as clues to the presence
of non-diabetic renal disease [7]. Whether haematuria was present in diabetic renal
disease was not mentioned.

In a study from Japan in which 164 patients with diabetes mellitus were biopsied
[8], haematuria was present in 17 (28 %) of diabetic patients with proteinuria but no
associated glomerulonephritis, compared with 19 (70 %) of 27 diabetic patients with
proteinuria and underlying glomerulonephritis (p <0.001). Unfortunately it was not
clear how haematuria was defined.
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Figure 15-4. Membranous glomerulopathy and mild diabetic glomerulosclerosis.

3. RENAL PAPILLARY NECROSIS AND HAEMATURIA

Renal papillary necrosis in diabetes is considered in detail in Chapter 41. Papillary
necrosis may be associated with microscopic or macroscopic haematuria, which is
non-glomerular in type, but clinical renal papillary necrosis is rarely seen in our
diabetic population.

4. URINE MICROSCOPY AND DIABETIC NEPHROPATHY: THE ROYAL
MELBOURNE HOSPITAL EXPERIENCE

Renal disease in diabetics is not always due to diabetic nephropathy, and the
association of diabetic nephropathy with other forms of renal disease is not
uncommon.

Figure 15-4 shows a renal biopsy with diffuse membranous nephropathy and
mild diffuse diabetic glomerulosclerosis from a man with type 2 diabetes and 36 X
107/L glomerular red cells in his urine.

Figure 15-5 shows IgA nephropathy in a biopsy from a man with insulin-
dependent diabetes and 160 X 10"/L glomerular red cells.

We have reviewed our data on 116 patients seen between 1980 and 1987 with
biopsy-proven diabetic nephropathy in whom detailed urine microscopy was



157

Figure 15-5. IgA nephropathy with diffuse mesangial proliferative glomerulonephritis and superimposed
segmental lesions.

available (figure 15-6): 95 patients (82%) had diabetic nephropathy alone and 21
(18 %) had both diabetic nephropathy and glomerulonephritis. This figure of 18 %,
however, is an overestimate of patients with dual pathology, as it is not our practice
to biopsy all patients with diabetes and renal disease, particularly where the
diagnosis of diabetic nephropathy appears clear-cut on clinical grounds.

Of the 95 patients with diabetic nephropathy alone, 33 (35%) had a normal
urinary red cell count (<107 cells/L) and 51 (54%) had essentially inactive
sediments with counts <2 X 107/L. A further 21 (22 %) had counts of 2-5 x 107/L,
and 23 (24 %) had counts over 5 X 107/L, including two patients (one of whom was
pregnant) who had counts in excess of 20 X 10 cells/L. Thus, although half of the
patients with isolated diabetic nephropathy had an inactive urinary sediment, half had
elevated counts and in a quarter the counts were in a range seen with active forms
of glomerulonephritis (=5 X 107 cells/L. Casts were documented in the majority
of patients (75 of 95). Ten had red cells in hyaline casts and three had frank red cell
casts (4%).

Haematuria was glomerular in origin in almost all the patients with isolated
diabetic nephropathy. There was a mixed pattern in two patients, and low counts of
non-glomerular cells were reported in two patients with severe renal failure.
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Figure 15-6. Distribution of urinary red cell counts from patients with biopsy-proven diabetic
nephropathy alone.

A total of 21 patients had biopsy evidence of diabetic nephropathy in association
with glomerulonephritis (IgA, 7; membranous, 6; post-infectious, 4; focal
proliferative, 2; mesangiocapillary, 1; and mesangial proliferative, 1). Urine red
blood cell (RBC) counts are shown in figure 15-7. Only one patient had a normal
red cell count and six (29%) had counts <5 X 10’ RBC/L. Thus, 71% had counts
>5 X 10" RBC/L, compared with 24 % of patients with diabetic nephropathy alone.

Seven patients (33 %) had counts in excess of 20 X 10’ RBC/L, compared with
only 2% of patients with isolated diabetic nephropathy. Casts were documented in
19 of these patients and five had red cell casts (26%) and a further three had red
cells in hyaline casts.

Thus, the higher the red cell count, the more likely is the patient with diabetes
to have glomerulonephritis. Further, although red cell casts may occasionally be
seen in isolated diabetic nephropathy, they are much more likely to signify
associated glomerulonephritis.

Three patients with associated glomerulonephritis had mixed morphology
(glomerular and non-glomerular cells). One had IgA nephropathy, and one focal



159

15 |

of Cases.
8

10 +

No

A\

7/ /

1 1 1 1 1 1 1 1
0-10 11-20 21-30 31-40 4150 51-100 101-200 >200
x10 RBC/ml.

Figure 15-7. Distribution of urinary red cell counts from patients with biopsy-proven diabetic
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proliferative and one mesangiocapillary nephritis. All had normal urinary tracts. No
patient had non-glomerular bleeding.

In a more recent study from Melbourne [9] co-existent renal pathology with
diabetic glomerulosclerosis was found in 38 of 136 (28 %) consecutive renal biopsies
performed primarily for proteinuria in individuals with diabetes mellitus. The
histological lesions found were glomerulonephritis (14), focal tubulointerstitial
disease (23), and amyloidosis (1). Significant microscopic haematuria was present
in 66 % of all patients and did not help to distinguish non-diabetic disease.

5. CONCLUSION

Not all renal disease in diabetics is diabetic nephropathy, and glomerulonephritis and
diabetic nephropathy not uncommonly co-exist. Patients with diabetes may have
significant haematuria and even red cell casts, although these features raise the
possibility of associated or isolated glomerulonephritis.
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16. GLOMERULAR ULTRASTRUCTURAL CHANGES IN MICROALBUMINURIC
IDDM-PATIENTS

HANS-JACOB BANGSTAD and RUTH GSTERBY

Since the term »microalbuminuria« (MA) was coined in 1982 [1] elevated albumin
excretion rate has been regarded as the best indicator to signal early diabetic
nephropathy [2-5]. Two main aspects of renal function at this stage of diabetic
nephropathy, are the relation to glomerular structure and the impact of blood glucose
control. Improved blood glucose control has been shown to reduce the risk of
developing overt nephropathy in patients with MA [6,7] and retard the progression
of AER [8], but the concomitant ultrastructural changes were not investigated.

This chapter concentrates on the glomerular morphological changes in patients
with insulin dependent diabetes mellitus (IDDM) and early nephropathy and the
influence of blood glucose control on these structural changes.

1. METHODS AND STRUCTURES IN QUESTION

The increased thickness of the glomerular basement membrane (BM) [9] and the
mesangial expansion are the most characteristic changes in diabetic glomerulopathy
[10]. The methodology involved in the measurement of BM thickness is described
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in detail elsewhere [9]. The relative increase of mesangium and of mesangial matrix
is expressed as volume fractions, e.g. mesangium per glomerulus, matrix per
mesangium or per glomerulus. The volume fractions are relative measures,
estimating the composition of glomeruli and mesangial regions. The matrix star
volume [11-13] is an estimate of the confluence and/or convexity of the individual
branches of the matrix. Another estimate, the matrix »thickness«, corresponds to the
arbitrary thickness of the matrix if transposed to form an even layer on the urinary
surface of the mesangial region [12,13]. In order to reduce the imprecision in the
estimates of the mesangial volume fraction, a method with complete cross-sections
at 3 levels per glomerulus has been advocated [11].

2. PATIENTS WITH MICROALBUMINURIA VS. HEALTHY CONTROLS
In the 60ies several reports indicated that morphological changes were present at the
onset of IDDM. Later studies clearly showed that the glomeruli are normal at that
time [14] and the impact of that observation was supported by studies of identical
twins discordant for IDDM [15]. Since the concept of MA is rather new, only a few
studies have dealt with renal structure in this category of patients. We compared 17
normotensive, microalbuminuric subjects with 11 healthy kidney donors [13] Most
of the diabetic patients had AER in the low range with median of 32 ug/min (range
15-194). Their mean age was 19 years (18-29) and diabetes duration 12 years (8-
15). The microalbuminuric patients showed a clear increment in BM thickness with
a mean of 595 nm (95 % confidence interval 549-641 nm) versus 305 nm (287-325)
in the control group. All of the MA patients had BM thickness above the normal
range. The average BM thickening during the years with diabetes was approximately
25 nm per year. This approximation was based on the assumption that the patients
had a BM thickness at onset of diabetes corresponding to the mean BMT of the
control group, i.e. 305 nm. A significant parallel matrix expansion in the
microalbuminuric patients vs. the normal controls was observed. Matrix/glomerular
volume fraction was 0.13 (0.12-0.13) vs. 0.09 (0.08-0.10) and matrix star volume
27 pm® (21.8-32.2) vs. 13.9 um® (10.7-17.1) in the two groups respectively [13].
Chavers et al. compared three groups of type 1 diabetic patients [16]. One with
normoalbuminuria (NA), one with MA (AER >15 ug/min) and normal blood
pressure (diastolic <90 mmHg) and normal glomerular filtration rate (creatinine
clearance >90 ml/min/1.73 m? and the third with MA and elevated BP and/or
decreased GFR. They found that the BM thickness in both of the MA-groups
(n=22) was above the upper normal range (with one exception). The mesangial/glo-
merular volume fraction was also increased, but to a less degree. Specific matrix
parameters were not investigated. It is hardly surprising that it is possible with
sensitive methods to show morphological changes in IDDM-patients with clinical
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indications of renal impairment (microalbuminuria), when compared to healthy
controls, but the extent of the changes should be emphasized.

3. MICROALBUMINURIA VS. NORMOALBUMINURIA

In a clinical setting the transition from normo- to microalbuminuria is of utmost
importance. Walker et al. compared two groups of IDDM patients [12]. One with
normoalbuminuria (n=9, AER <20 ug/min) and one with microalbuminuria (n=6).
Even though the number of patients was low, a significant increment in BM
thickness, mesangial/glomerular volume fraction and also the matrix parameters was
found in patients with MA compared to those with NA. The patients in the NA
group were slightly younger and had a shorter duration of diabetes than the MA-
group, although the difference was not statistically significant. The group of patients
with microalbuminuria was very heterogeneous with a wide range in diabetes
duration. Since the biopsies in the previously mentioned study [13] were investigated
at the same laboratory as Walker et al.’s, and the MA-group in this study [13] was
rather homogeneous and in fact very similar to Walker et al’s normoalbuminuric
patients, we compared the groups and confirmed with a greater number of patients
(n=17) Walker’s principal findings. These results differ from those presented by
Chavers et al. [16], who found no difference between patients with normo- and
microalbuminuria when patients with elevated blood pressure or decreased GFR,
were excluded. MA-patients with low GFR and high blood pressure are atypical, at
least in Europe. The failure to find a difference may be related to the composition
of the patient groups. All patients studied by Chaver’s et al, including those with
NA, were candidates for pancreas transplantation. Not all of the MA-patients
fulfilled the criteria for persistent MA. Further, the results indicated a very large
variation probably reflecting a low precision of the estimates.

4. GLOMERULOPATHY AND BLOOD GLUCOSE CONTROL

The impact of long term hyperglycemia on the development of structural changes
has been demonstrated in several studies [17-24], but most of them dealt with
animals. One study in man showed that in renal allografts no significant increase in
BM thickness and mesangial volume fraction was found 2-10 years after pancreas
transplantation in 11 patients [24]. Specific mesangial matrix parameters were not
investigated.

The baseline results from a prospective, randomized study showed, as previously
mentioned [13], increased BM thickness and matrix expansion in MA- compared to
NA-patients. In order to address the question whether structural changes were
associated with blood glucose control, we estimated the yearly increment of BMT
and matrix volume fraction from the start of diabetes in each patient. We showed
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Figure 16-1. Urinary albumin excretion rate vs. structural index (basement membrane thickness/10 +
matrix volume fraction of the glomerulus®100) in 21 young, normotensive IDDM patients with
microalbuminuria. Reference no. 25.

that the increase in these two structural parameters correlated with mean HbA,, from
the year preceding the study, which probably reflects the long term blood glucose
control.

The prospective, randomized study went on for 2.5 years [25]. The patients
were randomized to either intensive insulin treatment by continuous subcutaneous
insulin infusion (CSII) or conventional treatment (CT,- mostly multiple injections).
It should be noticed that the mean HbA, -values in the two groups were rather high,
and that the difference between the groups was modest, although significant, 8.7 %
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Figure 16-2. Results of a prospective study showing change in structural index (basement membrane
thickness/10 + matrix volume fraction of the glomerulus®100) vs. mean HbA,_ during 26-34 months in
21 IDDM-patients with microalbuminuria. Reference no. 25.

and 9.9% respectively (normal range 4.3-6.1%),. The AER was for most of the
patients in the low microalbuminuric range throughout the study. In fact, 38 % of
the patients had AER <15 ug/min at the end of the study and thus by definition had
no longer microalbuminuria. The main finding of the study was that in the CSII-
group none of the matrix-parameters increased, whereas they all increased (not
significantly for matrix/glomerular volume fraction and matrix-thickness) in the CT-
group. The BM thickness increased in both groups,- but the increment during the
study period was significantly larger in the CT-group [140 nm (50-230) vs. 56 nm
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(27-86)]. The association between blood glucose control and structure was confirmed
when all the patients were considered together. A strong correlation was found
between mean HbA, during the study and increase in BM thickness and
matrix/glomerular volume fraction (figure 16-1). We thus showed that the
progression of morphological changes in the glomerulus can be identified within a
short period of only 2-3 years. Furthermore, we observed that reduced mean blood
glucose levels clearly retarded the progression of morphological changes in the
glomeruli. However, the glycated hemoglobin level achieved in the CSII-treated
group (8.7 %) was not sufficient to stop the progression of morphological changes.

In a prospective long term (12 years) study of renal allografts, the increment of
the mesangial volume fraction, but not the BM thickening, was prevented when
blood glucose control was improved [26].

5. GLOMERULAR STRUCTURE VERSUS ALBUMIN EXCRETION AND
SYSTEMIC BLOOD PRESSURE

AER is an important parameter of kidney function in the early stages of
nephropathy. In the combined group of NA and MA-patients Walker et al. [12]
found a significant correlation between AER and the severity of glomerular lesions.
Our study [25] is the first to demonstrate a clear relationship within the MA-group
between most of the structural parameters and AER (figure 16-2).

It is still unclear whether the elevation of blood pressure observed in diabetic
nephropathy precedes, develops in parallel with or follows the initial increment of
AER [27]. In our prospective study none of the patients had arterial hypertension
(> 150/90 mmHg)[25]. No associations between blood pressure (BP) and glomerular
parameters were found, neither at baseline nor at follow-up, but all patients had BP
within a fairly narrow range. This might indicate that BP has little impact on the
initiation of structural lesions at this early stage of diabetic nephropathy. However,
Chavers et al. reported on a group of MA-patients with AER in the medium range
(=65 pg/min) with elevated BP (and/or reduced GFR) and found that they had more
advanced structural changes than M A-patients with normal BP and GFR [16].

6. MECHANISMS OF ALBUMINURIA

The urinary excretion of negatively charged proteins, e.g. albumin, is restricted by
the negatively charged basement membrane. In the aforementioned prospective study
[25] the charge selectivity index (clearances of IgG/IgG,) was not associated with
BM thickness at the beginning of the study. However, a striking correlation was
found between the increase of BM thickness and the loss of charge selectivity during
the study [28]. This may imply that the increase in BM thickness takes place
concomitant with qualitative changes (e.g. loss of negative charge).
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It is not known which substances that are responsible for the early thickening
of BM and matrix expansion in diabetes. In the BM collagen IV predominates
quantitatively, while laminin and heparan-sulphate proteoglycan probably play an
important role as well. The mesangial matrix contains in addition collagen V,
fibronectin, and chondroitin/dermatan sulfate proteoglycans [29]. Short-term
experimental studies show that hyperglycemia induces increased production of most
of the aforementioned proteins [30-32], increased levels of the proteins respective
mRNA [33,34], increased matrix synthesis [35], and reduced amount of heparan-
sulphate proteoglycan [36,37]. Furthermore, hyperglycemia leads to accumulation
of advanced glycated end products of proteins (AGE). These glycated proteins do
contribute to the formation of pathological tissue deposits [38].

Even if we have demonstrated a close linkage between long term hyperglycemia
and change in structural parameters on one hand, and also an association between
renal function and glomerulopathy in the early stages of nephropathy, we still lack
the deeper insight into the mechanisms behind the increment in albumin leakage.

The increase in BM thickness in itself is unlikely to be responsible for the
increased albumin excretion rate, but qualitative changes, e.g. reduced negative
charge and/or presence of large pores, which develop concomitantly with the
increase in thickness, may be decisive. An interesting observation in advanced
glomerulopathy [39] and occasionally also in the early stage in microalbuminuric
patients [40] is capillary loops with extremely thin and fluffy BM, contrasting
markedly the other capillaries in the biopsies. They may be an expression of a
compensatory glomerular growth, setting in at this early stage, and could represent
the »large pores«. The BM-thickening develops in parallel with matrix expansion.
Matrix changes, quantitative and qualitative, may interfere with the function of the
mesangial cells [41]. One immediate consequence of the matrix expansion is that the
distance between mesangial cells increases. This may impair the cell to cell
interaction. Mesangial cell function plays a role in many aspects of glomerular
physiology [42].

Altogether, the present data indicate that the increased loss of albumin across
the glomerular filtration barrier is a sign associated with early structural lesions of
diabetic glomerulopathy.
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17. UNDERSTANDING OF DIABETIC NEPHROPATHY FROM KIDNEY AND
PANCREAS TRANSPLANTATION

PAOLA FIORETTO and MICHAEL MAUER

Kidney and pancreas transplantation in IDDM patients have helped in the
understanding of some important aspects of the pathogenesis of diabetic nephropathy
(DN). Studies on renal structure in IDDM kidney transplant (KT) recipients have
clarified that: (1) the diabetic milieu is necessary for diabetic glomerular lesions to
develop; (2) the natural history of diabetic nephropathy in the renal allograft (RA)
parallels that occurring in the native kidney; (3) DN lesions develop linearly over
time; and (4) glycaemic control only partially explains the rate of development of
glomerular lesions in the RA. Improved glycaemic control or pancreas
transplantation (PT): (1) is able to prevent or halt the development of early diabetic
glomerular lesions in RA, but (2) normoglycaemia is unable to reverse established
diabetic glomerulopathy in long-term IDDM patients with their own kidneys. This
chapter reviews these lessons learned from studies on renal structure in IDDM
patients undergoing KT and/or PT.
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1. THE DIABETIC MILIEU IS NECESSARY FOR DIABETIC
GLOMERULAR LESIONS TO DEVELOP

The demonstration that DN occurs in normal kidneys transplanted into streptozotocin
diabetic rats [1] led to series of studies on glomerular structure in IDDM patients
undergoing KT for end-stage renal disease (ESRD) due to DN. The first study
demonstrated arteriolar hyalinosis lesions, most often in the glomerular arterioles of
IDDM RA recipients [2]; in half of them both the afferent and efferent limb of
arteries were involved, a finding virtually diagnostic of diabetes [3-5]. Also,
mesangial expansion was detectable by light microscopy in several diabetic patients,
and in one Kimmelstiel-Wilson nodular lesions were evident [2]. Immunohistoche-
mical studies demonstrated increased amounts of albumin and IgG localization in
tubular basement membrane, glomerular basement membrane (GBM) and Bowman’s
capsule in RA in IDDM recipients [6], changes known to be characteristic and, in
fact, diagnostic of the diabetic state [7-9]. Thus, these studies demonstrated that the
diabetic environment is necessary for diabetic glomerulopathy to occur. Prior to this
time controversy raged as to whether these lesions were secondary to carbohydrate
intolerance or whether the microangiopathy of diabetes was determined by a separate
genetic disorder. Thus, Siperstein and co-workers, finding thickening of muscle
capillary basement membranes in non diabetic relatives of diabetic patients, argued
that the tendency to develop microvascular complications of diabetes was inherited
separately and was unrelated to hyperglycaemia [10]. The first electron microscopic
studies of diabetic lesions in the RA were reported in 1983 [11]. Baseline and 2 year
post-KT biopsies were obtained in 6 non diabetic and 5 diabetic patients. None of
the non-diabetic but all of the diabetic patients developed increased GBM width
within 2 years following KT. None of the non-diabetic and 2 of the diabetic patients
had an increase in the percent of the glomerular tuft occupied by mesangium
(mesangial volume fraction or VvMes). This mesangial expansion, consistent with
observations in the native kidney of IDDM patients [12], was due to an expansion
of mesangial matrix rather than of mesangial cells. Osterby et al. confirmed these
findings in a more extensive study [13]. GBM expansion and mesangial matrix
accumulation was confirmed in the IDDM but not in the control patients. In
summary, all the important lesions of DN [3] including GBM widening, mesangial
expansion with predominant increase in mesangial matrix, Kimmelstiel-Wilson
nodule formation, arteriolar hyalinosis and increased binding of IgG and albumin to
renal extracellular basement membranes occur in the RA in diabetic patients.
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Figure 17-1. Index of mesangial expansion (IME) in last biopsy and time since kidney transplantation
(a) plotted along with IME in native kidneys in type I diabetic patients (O or ®) in relationship to time
since onset of diabetes. From Mauer et al. Diabetes 1989; 38: 516-523 (with permission).

2. THE NATURAL HISTORY OF DIABETIC NEPHROPATHY IN THE
RENAL ALLOGRAFT PARALLELS THAT IN THE NATIVE KIDNEY
GBM widening is documentable and mesangial expansion just detectable by two
years after KT, and both are often easily discernible at 5 years after KT in IDDM
patients [11,13]. This mirrors the changes seen in native diabetic kidneys in which
an increase in GBM width is detectable within 18 months of the diagnosis of
diabetes and mesangial expansion by 3.5 years or later [14]. The light microscopic
index of mesangial expansion (IME) at 6 to 13 years after KT is similar to the IME
in native kidneys of patients with similar IDDM duration. This indicates that the rate
of development of mesangial expansion in the RA largely parallels that in the native
kidney (figure 17-1) [15]. These studies suggest that the renal haemodynamic
consequences of »uninephrectomy« are not associated with a measurable increase in
the rate of development of diabetic mesangial expansion. As is true in the native
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Figure 17-2. Light microscopic analysis of development of mesangial expansion with time in long-term
kidney allografts transplanted into diabetic recipients. Results of sequential biopsies in same patient (H),
results from patients with only 1 biopsy (), patient with renal artery stenosis in transplanted kidney (@).
From Mauer et al. Diabetes 1989; 38: 516-523 (with permission).

kidney in patients with IDDM, renal failure due to DN is, in our experience,
unusual in the first decade following KT.

3. DIABETIC NEPHROPATHY LESIONS DEVELOP LINEARLY OVER
TIME

GBM thickening and increases in VvMes develop linearly over time in IDDM
patients biopsied at baseline, 2 and S years after KT (unpublished data). However,
the rate of change varies markedly between one patient and another. A longer-term
study provided similar results [15]. Again, although each recipient had end-stage DN
with his/her own kidneys, there was marked variability in the rate of development
of mesangial and GBM expansion in the RA. However the rate of progression of
mesangial expansion tended to be linear over time (figure 17-2). This is similar to
the natural history of nephropathy lesions in native kidneys where some patients
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Figure 17-3. Index of mesangial expansionin last biopsy compared with mean plasma glucose levels from
transplantation to time of biopsy. From Mauer et al. Diabetes 1989; 38: 516-523 (with permission).

develop serious lesions in the first 10-20 years of IDDM whereas others have little
or no changes despite decades of diabetes.

4. GLYCAEMIC CONTROL ONLY PARTIALLY EXPLAINS THE RATE OF
DEVELOPMENT OF GLOMERULAR LESIONS IN RENAL ALLOGRAFTS
The rate of development of mesangial expansion in the KT does not correlate with
several potential risk factors such as donor source, histocompatibility match,
recipient or donor age, age at onset of diabetes, immunosuppressive drug dose,
blood pressure, and the presence or absence of chronic rejection [15]. Further, there
is no correlation between the duration of diabetes prior to ESRD and the rate of
recurrence of lesions in the RA. There was a direct correlation between the rate of
mesangial expansion and glycaemic control (r=+0.61, p<0.01) but this was rather
imprecise (figure 17-3) [15]. This led to the hypothesis that some IDDM kidney
recipients receive kidneys that are »resistant« and others that are »susceptible« to the
development of DN lesions. Accordingly the factor(s) that confer susceptibility are,
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at least in part, different from the risk factors for the development of diabetes. Since
these susceptibility factors could be genetically regulated, this hypothesis could be
compatible with Siperstein’s suggestion of an inherited susceptibility to microvas-
cular complications. In fact, there is mounting evidence that in the presence of the
diabetic milieu familial, probably genetic, factors operate in the pathogenesis of DN
[16,17].

5. IMPROVED GLYCAEMIC CONTROL PREVENTS THE DEVELOPMENT
OF EARLY GLOMERULAR LESIONS IN RENAL ALLOGRAFTS

Studies of long-term RA mentioned above suggested that glycaemic control is a
significant determinant of the risk of developing lesions of DN. PT offers a unique
opportunity to evaluate the effects of prolonged normoglycaemia, without exposing
the patients to the risks of severe hypoglycaemia on this process. Bohman et al.
demonstrated that PT performed simultaneously with KT was able to prevent the
development of diabetic glomerular lesions [18]. In these studies, renal structural
values were still within the normal range after 2 to 8 years. However, baseline
biopsies were not performed and, since values for structural components of the
glomerulus vary widely among normal persons [19], it cannot be securely concluded
that subtle changes had not occurred despite euglycaemia. In another study, PT was
performed shortly after KT [20]. In this study, baseline renal biopsy specimens were
obtained from RA of IDDM patients before successful PT, performed 1 to 7 years
after KT [20]. Renal biopsies were then repeated 4 years later and compared to
those of IDDM patients on insulin therapy who were biopsied at similar times after
KT. VvMes was lower in the IDDM recipients of PT than in those receiving KT
alone [20]. GBM width was not different between groups. PT patients had smaller
mean glomerular volumes compared to the recipients of KT alone, suggesting that
the glomerular enlargement associated with diabetes is reversible [20]. Improved
glycaemic control can also be obtained by intensified insulin-therapy. A prospective,
randomized controlled trial tested the impact of optimized glycaemic control on the
development of diabetic lesions in the RA [21]. 48 patients were randomized to strict
or to standard glycaemic control and had renal biopsies at baseline and 5 years after
KT. Mean HbA1 during the 5 years of the trial was 9.6 +1.6% in the strict control
compared to 11.7+1.3 % in the standard control patients (p <0.001). There was no
effect of strict control on GBM width. However, volume fraction of mesangial
matrix increased less in the strict control (0.019+0.038) compared to the standard
control group (0.043+0.034, p<0.03) over the 5 years of the study. Also,
arteriolar hyalinosis was less in the strict vs. standard control patients (p <0.02).
Thus, improved glycaemic control, achieved by PT or by aggressive use of
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conventional technologies, slows or halts the development of early lesions of DN in
the RA.

6. NORMOGLYCAEMIA IS UNABLE TO REVERSE ESTABLISHED
GLOMERULOPATHY IN PATIENTS WITH THEIR OWN KIDNEYS

Islet transplantation [22] or whole PT [23] is able to rapidly reverse mesangial
expansion and glomerular enlargement, but not increased GBM width, in long-term
diabetic rats. A single study has examined the effects of PT on DN in patients with
native kidneys [24]. Thirteen IDDM patients had a baseline kidney biopsy performed
at the time of successful PT and 5 years later. Ten IDDM controls (C) had two
kidney biopsies performed 5 years apart. Baseline studies indicated that both the PT
and the C were heterogeneous groups with a wide range of renal function and
structure, form normal to far advanced. All PT patients were treated with triple
immunosuppressive therapy including cyclosporin. HbA1 was normal following PT
but remained elevated in C. GBM did not changes in 5 years in either group.
VvMes increased similarly in PT (from 0.3310.08 to 0.38 +0.11, p<0.01) and C
(from 0.29+0.05 to 0.35+0.07, p<0.01), despite the different metabolic
environment. Glomerular volume, enlarged at baseline in both groups, decreased
after PT (from 2.13+0.63 to 1.74+0.32, p<0.05) but increased in C (from
1.52+0.4t02.06+0.57, p<0.005). Thus the increase in VvMes was a consequence
of the reduction in glomerular volume in PT but was due to an expansion of the
mesangium out of proportion to glomerular enlargement in C. PT corrected
glomerular hypertrophy; however, since both groups had an increase in VvMes (the
morphologic parameter that better correlates with renal function), it is premature to
conclude that PT was beneficial. Further, we observed a significant increase in
interstitial fibrosis and in the number of globally sclerosed glomeruli in PT
recipients. These changes were not detectable in C and are likely to be the
consequence of the nephrotoxic effects of cyclosporin. From this experience, and at
variance with the reversal of mesangial expansion observed in the diabetic rat,
mesangial expansion is not quickly reversible and has not yet been proven to be
arrestable in man. Moreover the possible benefits of PT on diabetic nephropathology
in IDDM patients have to be counterbalanced by the detrimental renal effects of
cyclosporin. Larger and longer term studies, hopefully using newer non-nephrotoxic
immunosuppressive drugs, may change these conclusions. However, at the present
time, PT cannot be recommended as a cure for DN.

CONCLUSIONS
DN recurs in RA with pathological features and a natural history that mirrors that
seen in native kidneys. The factors influencing the rate and extent of recurrence are
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not fully elucidated. However, it appears that variables residing within the KT
influence this process and this suggests a need for novel ideas regarding the
pathogenesis of DN. Improved glycaemic control and PT can prevent or slow the
earliest lesions of DN. However, later lesions persist and may even progress despite
PT {25]. Diabetic patients undergoing KT and/or PT represent valuable resources
for important inquiries into the nature of DN.
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18. SODIUM-HYDROGEN ANTIPORT, CELL FUNCTION AND SUSCEPTIBILITY
TO DIABETIC NEPHROPATHY

ROBERTO TREVISAN and GIANCARLO VIBERTI

The annual incidence of diabetic nephropathy rises rapidly over the first 15-20 years
of diabetes, but declines sharply afterward for longer disease duration [1]. This
pattern of risk indicates that only a subset of diabetic patients are susceptible to renal
damage and, indeed, clinical renal disease cumulatively develops in approximately
30% of Type 1 (insulin-dependent) diabetic patients [2] and between 25 and 60 % of
Type 2 (non-insulin-dependent) diabetic patients, depending on their ethnic origin
[3]. Familial clustering of diabetic nephropathy has been shown both in insulin-
dependent [4] and non-insulin-dependent diabetic patients [5]. These findings are
consistent with the possibility that genetic factors may explain the liability to or
protection from renal disease of diabetic patients.

Recent reports suggest that raised blood pressure levels play an important role
not only in the progression of renal complications, but also in the initiation of a
multistage process leading to end-stage renal failure. Two prospective studies have
shown that the patients who progress to microalbuminuria have either raised or
rising blood pressure before microalbuminuria becomes persistent [6,7]. Raised
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blood pressure [8] and an increased frequence of cardiovascular disease [9] are also
more prevalent in parents of diabetic patients with nephropathy. Taken together,
these findings indicate that a familial predisposition to hypertension and cardiovas-
cular disease may be an important determinant of susceptibility to renal disease and
its cardiovascular complications in diabetes.

In accord with these observations, studies of sodium-lithium countertransport
activity, an intermediate phenotype of essential hypertension and its vascular
complications [10,11], have shown significant elevation in the rate of this cation
transport system in insulin-dependent [12,13] and non-insulin-dependent diabetic
patients [14] with proteinuria or microalbuminuria and hypertension. Diabetic
patients with high sodium-lithium countertransport activity display a clustering of
metabolic and haemodynamic risk factors for renal and cardiovascular complications
well before the development of overt renal disease [15]. The activity of sodium-
lithium countertransport also shows significant familial aggregation [16].

These results have raised growing interest in the search for cell markers that
would prove suitable for early diagnosis and would help clarify the molecular
mechanisms leading to diabetic nephropathy.

BASIC PROPERTIES OF THE Na*/H* ANTIPORT

Sodium/lithium countertransport is not operating in vivo and, therefore, the
pathophysiological implication of this abnormality remains uncertain. Sodium-lithium
countertransport has similarities of operation with the ubiquitous physiological
Na*/H* antiport [17].

Na*/H* antiport is a membrane transport system found in all eukaryotic cells.
Under normal physiological conditions, Na*/H* antiport employs the sodium
concentration gradient from extracellular to intracellular fluid to drive protons out
of the cells in exchange for an influx of sodium ions. This transport is activated
cooperatively by an increase in the cytosolic proton concentration through a proton
regulatory site [18]. Molecular biology studies have revealed the presence of at least
five different isoforms of Na*/H* antiport. The first isoform, referred to as NHE]1,
ubiquitously expressed in most cell types, is sensitive to amiloride and activated by
growth factors. The human cDNA coding for this protein has been cloned and the
gene is located on the short arm of chromosome 1. It encodes a protein of 815
amino acids with two distinct domains [19]. The N-terminal domain contains 10-12
transmembrane segments, while the C-terminus is largely cytoplasmic. The second
isoforms (NHE?2) is expressed on the apical membrane of polarized epithelia and it
is involved in the transcellular transport of Na, Cl and bicarbonate. The structure
and the functional implications of the other isoforms require further investigations.
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Na*/H* antiport is involved in three major cellular events: 1) intracellular pH
regulation, 2) cell volume control and 3) stimulus-response coupling and cell
proliferation. At kidney level, this transport system plays an important role in Na
reabsorption [18].

Many studies have shown that the Na*/H* antiporter is activated in response to
growth factors and various cell activating agents such as hormones, chemotactic
peptides and phorbol esters. The sequence of intracellular events triggered by growth
factors binding to their membrane receptors is as yet not fully understood. The
trophic action of these compounds appears in part to be dependent on the elevation
of intracellular free calcium and the activation of phospholipase C that mediates the
formation of inositol triphosphate and diacylglycerol which, in turn, activates protein
kinase C. The effect on the Na*/H™* antiport is triggered by an increase of the
affinity of the antiporter protein for H* at the internal H* regulatory site [18]. A
phosphorylation step is required for this activation of Na*/H* antiport.

Na*/H* ANTIPORT ACTIVITY IN DIABETIC NEPHROPATHY

An increased leucocyte Na*/H* antiport activity has been reported in Type 1
diabetic patients with nephropathy [20] as well as in patients with essential
hypertension [21]. Insulin-dependent diabetic patients with microalbuminuria and
raised blood pressure have also higher red blood cell Na*/H* antiport activity [22].
In all these cases the increased activity was due to a raised maximal velocity of the
antiport. These observations are consistent with the view that arterial hypertension
or the predisposition to it are important components in the pathogenesis of diabetic
nephropathy.

In all these studies, however, measurements, were performed soon after blood
sampling and a potential effect of the disturbed metabolic milieu of the diabetes state
on the transporter activity, therefore, could not be excluded. These studies could not
establish whether the higher activity of this cell-membrane transport system was an
intrinsic abnormality of these cells.

Cultured fibroblasts are a useful tool for investigations of various genetic errors
of metabolism and we chose skin fibroblasts as a model for evaluating Na*/H*
antiport activity in diabetic patients [23]. A skin biopsy was taken from nine insulin-
dependent diabetic patients with overt nephropathy and from eighth normoal-
buminuric patients matched for diabetes duration, sex and body mass index. Fifteen
normal subjects served as controls. All experiments were performed after fibroblasts
reached at least the sixth passage. Na*/H* exchange was assayed by measuring
amiloride-sensitive net sodium uptake. The transport was activated by acid loading
the cells with the ammonium chloride prepulse method. The kinetic parameter of
Na*/H* exchange were determined by measuring the initial velocity of amiloride-
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sensitive Na-uptake at different external sodium concentration under pH gradient
conditions. Na*/H* antiport activity was significantly elevated in insulin-dependent
diabetic patients with nephropathy compared with diabetic patients without
nephropathy and normal control subjects. A kinetic analysis of Na*/H* exchange
revealed that the raised activity was caused by an increased maximal velocity
(Vmax) for extracellular Na* (table 18-1). The external Na* concentration that
yields 50% of the Vmax (Km) was similar in the three groups (table 18-1). In this
study intracellular pH was also measured using the distribution of [7-'“C]benzoic
acid. In quiescent, non proliferating cells, intracellular pH was similar in diabetic
patients with and without nephropathy and control subjects. When cells were
exposed to serum for 10 min, a greater intracellular alkalinization was found in
fibroblasts of diabetic patients with nephropathy than in patients without nephropathy
and normal subjects. Intracellular pH was also higher in exponentially growing
cultures of fibroblasts of patients with nephropathy (table 18-1).

All these findings in long-term cultured cells from insulin-dependent diabetic
patients with nephropathy are consistent with an intrinsic overactivity of the Na*/H*
antiport and with an increased responsiveness to the action of growth factors.

Similar studies of Na*/H* antiport activity and intracellular pH were also
performed in skin fibroblasts using the pH-sensitive dye. BCECF [24]. Cells on
cover slips were loaded with BCECF and inserted in cuvettes warmed to 37°C in
a thermostatted holder. Fluorescent measurements of intracellular pH were
performed in HEPES buffered saline using a single photon counting dual excitation
fluorometer. The two excitation wavelengths were set at 500 and 439 nm with
emission at 530 nm. The 500/439 emission ratios were converted to pH values by
construction of a calibration curve for every coverslip using a double ionophore
intracellular pH clamping technique (nigericin plus monesin in a potassium rich
medium). By this technique intracellular pH was clamped to pH 6.5 or 6.2. After
removing the ionophores, addition of ammonium enabled the determination of
intrinsic buffering capacity of the cells. After a period of reclamping to intracellular
pH 6.5 or 6.2, active H* efflux was determined in HEPES buffered saline. Na*/H*
antiport activity was obtained after multiplying the rate of change in intracellular pH
(after addition of Hepes buffered saline to acid loaded cells) by the intrinsic
buffering capacity. Growing fibroblasts from diabetic patients with nephropathy were
significantly more alkaline compared to both normoalbuminuric diabetic patients or
normal controls. This was associated with a raised Na*/H* antiport activity when
intracellular pH was clamped to pH 6.5, without any difference in the Vmax at
intracellular pH 6.2. These data suggest an increased apparent affinity of the
antiporter for H* at the internal H* regulatory site. Using both intracellular pH and
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Table 18-1. Intracellular pH (pHi) and kinetic parameters of Na*/H™* antiport in long-
term cultured skin fibroblasts form insulin-dependent diabetic patients with (DN) and
without D) nephropathy and normal controls (C). Values are mean + SD

DN N C
pHi in quiescent cells 6.98+0.05 6.95+0.16 6.924+0.05
pHi 10 min after serum 7.184+0.04%* 7.0740.07 7.08+0.08
stimulation
pHi in exponentially 7.23+0.05* 7.124+0.07 7.09+0.1
growing cells
Na*/H* antiport Vmax 226+37* 132448 124451
nmol/mg protein/min
Na*/H* antiport Km 26.9+3 27942 27.0+2

mM

*p<0.01 vs Nand C

Na*/H* antiport activity at pH 6.5, a discriminant function was described that
separates the majority of the patients with nephropathy from both controls and
patients without nephropathy. It remains to be established if this function will be
useful in identifying those patients at risk of nephropathy.

Taken together, the findings of these two complementary studies have shown
that Na*/H* antiport form cells of patients with diabetic nephropathy is charac-
terized by a raised maximal velocity for extracellular Na* and a raised apparent
affinity for internal H* ions.

CELL FUNCTION IN DIABETIC NEPHROPATHY

Increased Na*/H™* antiport activity has been found to be associated with enhanced
smooth muscle cells [25] and skin fibroblast [26] proliferation in response to growth
factors in the spontaneously hypertensive rat. In hypertensive patients a significant
correlation between Na*/H* antiport activity in lymphocytes and left ventricular
hypertrophy has also been described [27].

In fibroblasts of insulin-dependent diabetic patients with nephropathy, we
demonstrated an enhanced DNA synthesis after stimulation of quiescent cells with
serum [23] (figure 18-1). This abnormality suggests a difference in the ability of
these cells to enter the synthetic S phase after mitogen stimulation. A positive
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Figure 18-1. PPH]thymidine incorporation into newly synthesized DNA in fibroblasts from diabetic
patients with (filled squares) and without (open squares) nephropathy, and normal subjects (open circles),
in response to 10% fetal calf serum. Values are the mean of 8 wells and are expressed as fold stimulation
(ration of cpm per well under stimulated conditions to cpm per well at baseline in quiescent cells.

correlation was found between Na*/H™ antiport activity and DNA synthesis
indicating that the antiport may be involved in this altered cell function.

Abnormalities in DNA cell cycle and in the cell life cycle of these fibroblasts
have recently been reported by our group [28]. Na*/H* antiport can be activated by
extracellular matrix molecules, such as fibronectin [29], and any interaction between
extracellular matrix production and Na*/H* antiport is of particular importance in
view of the relevance of excessive matrix deposition to the sclerotic process of
diabetic nephropathy [3]. In preliminary studies we have found that long-term
cultured fibroblasts derived from Type 1 diabetic patients with nephropathy exhibit
an increased total collagen synthesis compared with that of patients without
nephropathy and normal controls [30].

The persistence of all these abnormalities in ion transport and cell function
despite serial passaging of cells in identical media in vitro indicates a likely intrinsic
component in their pathogenesis. If an enhanced activity of Na*/H* antiport
constitutes a primary permissive factor leading to cell function disturbances or is
simply secondary to other more basic defects remains to be clarified.

In diabetic patients, phenomena such as mesangial and vascular smooth muscle
cell hypertrophy and/or hyperplasia, enhanced extracellular matrix production and
fibrotic processes represent important steps in the pathogenesis and progression of
their renal and arterial disease [3]. If the abnormalities in cell function described in
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fibroblast and in leucocytes apply to other cell types, as it seems likely, they could
explain why only a subset of insulin-dependent diabetic patients are susceptible to
renal and cardiovascular complications.

The recent advances in molecular biology should better clarify the relation

between Na*/H™* antiport activity, cell growth and extracellular matrix production
and, in particular, elucidate the interaction between diabetes and those cells functions
regulated by Na*/H™* antiport activity. The knowledge of the cellular and molecular
mechanisms responsible for those abnormalities may lead to effective primary
prevention strategies.
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19. BIOCHEMICAL ASPECTS OF DIABETIC NEPHROPATHY

ERWIN D. SCHLEICHER

The dominant histological feature of diabetic nephropathy is the thickening of the
glomerular basement membrane and expansion of the mesangial matrix [1-3]. The
changes correlate strongly with the clinical onset of proteinuria, hypertension and
kidney failure. Although more than 50 years have elapsed since Kimmelstiel and
Wilson [4] described in diabetic glomeruli the distinctive periodic acid-schiff
(PAS)-reactive nodular deposits, progress in elucidating the pathobiochemistry has
been slow. Recent investigations with electron microscopic, immunochemical and
biochemical methods have led to an improved understanding of the structure-function
relationship of the glomerular filtration unit in normal and pathological conditions

[51.

MOLECULAR STRUCTURE AND FUNCTION OF GLOMERULAR
EXTRACELLULAR MATRIX

The extracellular matrix of the glomerulus consists of the basement membrane
interposed between endothelial and epithelial cells and the closely adjoining
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Table 19-1. Structure and function of the major components of the glomerular
basement membrane and mesangial matrix

Component Structure Function

Collagen type IV Triplehelix with non-helical Mechanical scaffold;
segments; 5 different chains Size selective filter;
with approximately 1700 amino Binding to cell adhesion
acids are known [6,9] molecules

Chains are unequally distributed
in the glomerular matrix [6]

Collagen type VI 3 different chains [8] Formation of microfibrils
Laminin 3 different poly-peptide chains Cell adhesion

MW 800 KD [9] Integrin binding
Heparan sulfate Coreprotein MW 470 KD [7,10]  Integrin binding
proteoglycan 3 heparan sulfate side chains Charge selective filter
(HSGP) Antiproliferative

Binding of humoral factors

extracellular matrix surrounding the mesangial cells. The structural and functional
properties of the matrix components are summarized in table 19-1. The basement
membrane representing the size and charge selective area of the filtration unit is
composed of a filamentous network of collagen type IV fibrils. Immunohistochemi-
cal studies revealed that the collagen IV chains are inhomogenously distributed
within the glomerulus. The al,a2-chains are primarily detected in the mesangial
matrix whereas the a3,a4-chains are exclusively found in the glomerular basement
membrane [6]. The basement membranes also contain a proteoglycan which consists
of three heparan sulfate side chains covalently attached to the protein core [10,11].
It has been convincingly shown that the negatively charged heparan sulfate chains
form the anionic barrier of the glomerular filtration unit [5,12,13]. A detailed review
of this heparan sulfate proteoglycan (HSPG) and its changes in diabetes is given in
the following chapter. The traces of fibronectin found in normal glomerular matrices
are probably derived from plasma since the tissue specific fibronectin A+ which
contains the extra domain A is not detected in normal glomeruli [14]. The mesangial
matrix, although developmentally and morphologically distinct from the glomerular
basement membrane, contains essentially the same components but in different
distributions.



193

Several functions of the matrix components can now be explained by features
of these components on the molecular level. Specific cell-matrix adhesion molecules
which are intercalated in the cellular plasma membrane recognize well-defined amino
acid sequences found in collagen, laminin and fibronectin [9,15]. Furthermore, these
adhesion molecules (integrins) which are in contact with the cytoskeleton influence
cell migration and cell proliferation. Changes in matrix composition may therefore
alter cellular adhesion, migration and proliferation and thus influencing repair
processes [15]. The finding that HSPG by virtue of its side chains specifically binds
polypeptide growth factors like basic fibroblast growth factor (bFGF) or transfor-
ming growth factor B (TGF-B) is important in this context. It has been suggested that
the matrix-bound growth factors may act as a reservoir for vascular repair
mechanisms [16]. The anti-proliferative role of heparan sulfate on mesangial cells
underlines the possible importance of this the proteoglycan in glomerular matrix
[17].

STRUCTURAL AND FUNCTIONAL GLOMERULAR ALTERATIONS IN
DIABETES

The first major change after the onset of diabetes is the increased volume of the
whole kidney [18] and the glomeruli [19]. These hypertrophical glomeruli have
normal structural composition. After a few years the amount of glomerular matrix
material is increased [1,3]. Biochemical determinations indicate an increased amount
of collagen in the glomerular extracellular matrices [20]. More recently, an increase
in collagen type VI in the glomerular matrix of diabetic patients has been documen-
ted [21]. On the basis of immunochemical measurement, it has become evident that
the HSPG content of glomerular matrix is lower in diabetic patients [22] consistent
with previous chemical analyses of the heparan sulfate chains [23,24]. These
immunochemical measurements, although yielding reliable quantitative values, were
performed with preparations of glomerular matrices which contain firstly, both the
basement membrane and the mesangial matrix and secondly a mixture of glomeruli
which may be affected to a variable degree. Therefore, immunohistochemical studies
have been performed to distinguish the changes within the different compartments
of the glomerulus and between the individual glomeruli.

These immunohistochemical studies, summarized in table 19-2, indicate that in
diabetic kidneys with slight lesions only a minor increase in all basement membrane
components was found except for HSPG. More pronounced diffuse glomerulo-
sclerosis showed a further increase in basement membrane components, especially
collagen IV al,a2-chains in the expanded mesangial matrix. However, HSPG which
was entirely absent from the enlarged matrix could only be observed in the periphery
of the glomeruli. The staining of collagen IV «a3,a4-chain showed a similar
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Table 19-2. Changes of glomerular matrix composition in different stages of diabetic
glomerulosclerosis (GS)*

diffuse GS nodular GS

GBM mesangium GBM mesangium
laminin * t t ¥
collagen IV
al,a2-chain * * * {
a3,a4-chain * - t U
HSPG = { V -
fibronectin A" - n.d. - *
collagen II1 - -b - 2
collagen VI ¥ 1y ) e
? = increased; ¥ = decreased; = = unchanged; - = not detectable; *see also [6-8];

n.d. = not determined; traces in late diffuse GS; Ponly peripheral; Yfocally

distribution as found for HSPG however, with intense staining of the thickened
glomerular basement membrane [6]. To this stage of nephropathy the accumulation
of excess matrix material can be attributed to quantitative changes of the components
present in normal glomeruli. In contrast, pronounced nodular lesions exhibited a
strong decrease of collagen IV al,a2-chains, laminin, and HSPG which were only
detectable in the periphery of the noduli. Staining sequential sections with collagen
VI antiserum or PAS revealed coincidence of both stainings indicating that the noduli
consist mostly of collagen type VI [8]. Peripheral areas of these noduli were also
positive for collagen III which was not detected in earlier lesions. It appears that in
diffuse glomerulosclerosis an increase in normal matrix components occurs while the
nodular glomerulosclerosis is characterized by qualitative changes (table 19-2).

Morphological and structural changes occurring in the interstitium, tubuli or
glomerular arterioles are a concomitant of diabetic nephropathy [1].

The likelihood that increased matrix content occurring in diffuse glomerulo-
sclerosis is the consequence of increased synthesis coupled with decreased
degradation is supported by in vivo and in vitro studies of collagen metabolism in
glomeruli obtained from diabetic animals [20,25,26]. An increased synthesis was
unequivocally demonstrated by extracellular matrix gene expression. Fukui et al.
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[27] showed increased steady state mRNA levels of the collagen IV «al-chain,
laminin B1 and B2 and fibronectin while the collagen I al-chain was unchanged in
the kidneys of diabetic rats after one month of diabetes. The message for HSPG was
decreased after induction of diabetes and increased steadily afterwards. The changes
in mRNA levels which preceded the glomerular matrix expansion could be prevented
by normalisation of blood glucose by insulin treatment. Obviously, the increased
synthesis of collagen IV, laminin and fibronectin is the biochemical correlate of the
expansion of the mesangial matrix and the thickening of glomerular basement
membrane observed histologically. The occurrence of decreased degradation of
matrix components has also been documented [26].

Extensive studies have shown that the changes in glomerular ultrastructure are
closely associated with renal function [2,3]. Comparing the immunohistochemical
findings with clinical data Nerlich et al. [7] found that the increase in the glomerular
matrix components was consistently associated with impaired renal filter function.
Late stage nodular glomerulosclerosis associated with decrease of all basement
membrane components and increase in collagen III and VI coincided with severe
renal insufficiency. In all cases, even in early diffuse glomerulosclerosis, HSPG was
decreased.

INVOLVEMENT OF GROWTH FACTORS IN THE DEVELOPMENT OF
DIABETIC NEPHROPATHY

The morphological changes occurring in diabetic micro- and macroangiopathy have
led to the idea that growth hormone or other growth factors may play an active role
in mediating these alterations [28]. In a recent study with experimental animals
Nakamura et al. [29] demonstrated the gene expression of different growth factors
including TGF-8, bFGF and platelet derived growth factor in glomeruli of diabetic
rats within 4 weeks after induction of diabetes. The gene expression was relatively
specific since other growth factors like IGF-1 were unchanged. Insulin treatment
partially ameliorated the induction of growth factors. In a related study Yamamoto
et al. [14] report that in glomeruli of diabetic rats there is a slow, progressive
increase in the expression of TGF-§ mRNA and TGF- protein. A key action of
TGF-8 is the induction of extracellular matrix production and specific matrix
proteins, known to be induced by TGF-8, were increased in diabetic rat glomeruli.
Corresponding changes were found in patients with diabetic nephropathy , whereas
glomeruli from normal subjects or individuals with other glomerular diseases were
essentially negative. These findings suggest that TGF-B plays a pivotal role in the
glomerular matrix expansion that occurs in diabetic nephropathy. A causal
relationship between TGF-B expression and matrix accumulation in the acute model
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of glomerular nephritis was proven by preventing matrix accumulation with TGF-8
antiserum [30].

BIOCHEMICAL PATHWAYS INVOLVED IN THE PATHOGENESIS OF
DIABETIC GLOMERULOPATHY

The biochemical mechanisms leading to the quantitative and finally qualitative
alterations of the glomerular matrix and to the induction of growth factors are not
well understood. Epidemiological studies indicate that the development of diabetic
nephropathy is linked to hyperglycaemia [31, 32]. Three pathobiochemical pathways
are favoured in the current discussion:

The first possibility involves the direct action of elevated glucose on the cells.
Ayo and coworkers reported that prolonged exposure to high glucose concentration
leads to an increase in collagen IV, laminin and fibronectin synthesis on the protein
and mRNA level in mesangial cells [33]. Furthermore, mesangial cells exposed to
elevated glucose synthesize less HSPG [34]. Studies with epithelial, endothelial and
mesangial cells revealed that all three cell types of the glomerulus produce more
collagen type IV when exposed to elevated glucose levels [35]. The in vitro
experiments suggest that hyperglycaemia rather than hyperinsulinaemia or
hyperosmolarity is the cause of enhanced matrix synthesis [33-35]. Recent in vitro
studies suggest how elevated glucose concentrations may exert their effects on
cellular metabolism. High glucose levels induce the transcription and secretion of
TGF-B in mesangial cells [36] and elevate cellular transcripts of TGF-a and bFGF
in vascular muscle cells [37]. Several reports provide evidence for the involvement
of glucose-induced activation of protein kinase C in the elevated synthesis of matrix
components [38-40]. PKC activation may be also involved in the elevation of
lipooxygenase products [32] which may lead to increased matrix production [41].

The second pathomechanism linking elevated glucose levels with diabetic
nephropathy may be the non-enzymatic glycosylation (glycation) of matrix proteins
which are freely accessible to glucose. The extent of glycation is dependent on
proteins’ half lives and the mean glucose level of the patient during the life time of
the respective protein [42,43]. The amount of glycation in these tissues seemed to
be related to the extent and severity of the patients’ late complications [43]. More
recent approaches suggest that the development of diabetic late complications may
be linked to the formation of advanced glucosylation end-products (AGE-products)
{44]. The AGE-products result from the slow decomposition of glycated proteins.
With time highly reactive products are formed which may yield new modifications
on the same or the neighbouring protein. These AGE-products lead to synthesis and
secretion of cytokines like tumour necrosis factor, interleukin-1 and IGF-1 when
bound to a specific AGE-receptor identified on macrophages [45]. AGE-products
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also act on mesangial cells via platelet derived growth factor causing the cells to
synthesize increased amounts of collagen IV, laminin and HSPG [46] while
prolonged exposure to glycated matrices reduced collagen synthesis and proteoglycan
charge [47]. Recently, pentosidine a well defined AGE-product has been implicated
in the pathogenesis of diabetic nephropathy [48].

The third pathochemical mechanism involves intracellular formation of sorbitol
from glucose catalysed by aldose reductase [49]. Chronic hyperglycaemia leads to
sorbitol accumulation in a variety of tissues like peripheral neurons, lense and renal
tubuli [50]. The initial hypothesis that sorbitol accumulation causes tissue damage
is unlikely to operate in kidney [32]. The inositol depletion theory suggested by
Greene and coworkers explains tissue damages as impairment of myo-inositol uptake
leading to a decrease of phospatidyl-inositides in the cell membrane [49]. Although
the cellular inositol uptakes is competitively inhibited by D-glucose [51] and
non-competitively inhibited by hyperosmolar intracellular sorbitol [52], recent studies
show that cells may counterregulate inositol depletion [39,53]. Thus, it is not
generally agreed that the increase in intracellular sorbitol is the cause of the impaired
function of the affected tissues in diabetes. Furthermore, after treatment of diabetic
rats for six months with the aldose reductase inhibitor tolrestat only a slight
reduction in the urinary albumin excretion rate was observed indicating that other
mechanisms are operating in diabetic nephropathy [54].

CONCLUSIONS

The morphological observations of an expanded matrix in diabetic glomeruli are now
supported by the immunohistochemical findings showing an increased deposition of
normally occurring matrix components. The biochemical findings suggest that
increased glucose concentrations stimulate the synthesis of the matrix components
like fibronectin, laminin and collagen IV either by direct action or via formation of
AGE products (figure 19-1). The increased matrix synthesis is probably mediated
by cytokines. In particular, glucose-induced TGF-B expression would explain the
progressive accumulation of matrix material in diabetic patients with chronic
hyperglycaemia since TGF-8 is unique among the cytokines in (i) stimulating the
synthesis of matrix, (ii) inhibiting matrix degradation and (iii) inhibiting mesangial
proliferation. The latter property of TGF-B is consistent with the absence of
mesangial cell proliferation in diabetic glomerulopathy. The in vitro and in vivo
results indicate that diabetes induces a wound repair-like mechanism in glomeruli.
A failure to turn off TGF-B production due to a defect in TFG-B regulation or
repeated induction by glucose elevations may lead to a vicious cycle resulting in
glomerulosclerosis and finally end-stage diabetic kidney. However, several
characteristics of diabetic nephropathy like the paradoxical elevation and/or decrease
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GLUCOSEt ——— > Non-enzymatic
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Figure 19-1. Sequence of molecular mechanisms possibly involved in the alterations of glomerular matrix
proteins in diabetes. Two possibilities are shown by which elevated glucose may alter cellular metabolism
and the metabolism of glomerular extracellular matrix components. AGE-Rec and Cyt-Rec indicate the
receptors for AGE-products and cytokines, respectively. ECM = extracellular matrix; AGE = advanced
glucosylation end products; PKC = protein kinase C; GluT = glucose transporter.

in HSPG, and the qualitative changes in matrix composition are not explained by the
action of TGF-B. Further studies which should include the use of inhibitors of the
proposed pathobiochemical pathways will improve our understanding of the
pathobiochemistry leading to diabetic nephropathy.
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20. THE STENO HYPOTHESIS AND GLOMERULAR BASEMENT MEMBRANE
BIOCHEMISTRY IN DIABETIC NEPHROPATHY

ALLAN KOFOED-ENEVOLDSEN

INTRODUCTION

So far, at the biochemical level, the pathogenesis of diabetic nephropathy is
unresolved. Not surprisingly perhaps since even a our understanding of the
biochemical fundaments of normal glomerular function remains incomplete. In
addition, when exploring the pathogenesis of diabetic nephropathy, we are likely to
witness the composite course of succeeding stages, each of which may have its own
pathogenetic trait.

The Steno hypothesis [1] suggests that impairment of heparan sulphate
metabolism is a key-event in the development of diabetic nephropathy, and identifies
impaired heparin sulphate metabolism as the link between diabetic nephropathy and
the associated generalized cardiovascular disease. It may seem risky to postulate a
single mechanism as a key feature in the pathogenesis of diabetic nephropathy,
having recognised the possible complexity of the disease process. On the other hand
however, the need to forward specific hypotheses is augmented by our current stage
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of incomplete knowledge, the alternative being to go on »fishing trips« with the risk
of getting the net plugged with trivial catch.

LOSS OF CHARGE SELECTIVITY AND THE DEVELOPMENT OF
ALBUMINURIA

Urinary protein excretion is normal from the onset of diabetes, except during
episodes of poor metabolic control. After some years, the urinary excretion of
albumin and other large plasma proteins eventually start to increase. With
reservations to the effect of current and future more aggressive metabolic and blood
pressure control, ultimately 30 to 40 % of all IDDM patients will progress to clinical
diabetic nephropathy. The cumulative incidence of microalbuminuria (30-300 mg/24
h) is not known, but the overall prevalence seems to be around 20% [2].

Reduced glomerular charge selectivity may serve as the pathophysiological
fundament of the initial rise in urinary albumin excretion. Charge selectivity is
effective for proteins of a wide size range, e.g. from 61 A ferritin molecules to
30 A horse radish peroxidases [3]. It has been calculated a 30% decrease in the
glomerular filtration barrier charge (from 150 to 100 meq/l) may cause a 25-fold
increase in the fractional clearance of albumin [4]. In comparison, a doubling of the
effective pore radius may not cause more than a 5-fold increase in the fractional
albumin clearance [4]. Glomerular charge-selectivity can not be quantitated directly
in man, but may be estimated from measurements of the relative clearance of
differently charged, similarly sized endogenous proteins.

The first indication of reduced glomerular charge-selectivity in microalbuminuric
IDDM patients was published by Viberti et al. [5]. Succeeding studies have
confirmed this finding, the most recent one being from Deckert et al. [6]. In the
later study, patients with urinary albumin excretion in the range 30-100 mg/24 h had
a 50% reduction in the total-IgG:IgG, selectivity index compared both to normoal-
buminuric patients and to healthy control subjects. Strict metabolic control may
retard the progression of microalbuminuria, and Bangstad et al. recently studied the
effect of intensified insulin treatment on the total-IgG:IgG, selectivity index in
microalbuminuric IDDM patients, demonstrating a significant normalization of
total-IgG:1gG, selectivity index within a few months [7]. Although in our study [6]
no accompanying impairment of glomerular size selectivity using dextran clearance
during the early stages of diabetic nephropathy could be demonstrated, formation of
a subtle non-size-selective glomerular shunt - as suggested in advanced diabetic
nephropathy [8] [9] - may however still explain the observed changes in the
proposed charge sensitive indices [Kofoed-Enevoldsen 1993, unpublished].
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In conclusion, current data are in accordance with an initial impairment of
glomerular charge selectivity as responsible for the development of microal-
buminuria, although definite proof has not yet been presented.

THE GLOMERULAR BASEMENT MEMBRANE

The structural domain responsible for glomerular charge selectivity includes the
glomerular basement membrane [3]. Anionic sites present in the glomerular
basement membrane may be of crucial importance for maintenance of charge
selectivity. Heparitinase treatment removes 80-100% of the anionic sites from the
lamina rara externa, indicating that within the lamina rara externa these sites are
predominantly composed of heparan sulphate glycosaminoglycan [10]. Removal of
glomerular basement membrane heparan sulphate glycosaminoglycan by heparinase
treatment induces increased permeability for albumin [11]. Recently Van Den Born
et al. [12] demonstrated that a rapid loss of charge-selectivity and onset of
proteinuria can be induced in rats by injecting a monoclonal antibody directed
towards the heparan sulphate glycosaminoglycan chain whereas antibodies directed
towards the heparan sulphate core protein or other glomerular basement membrane
components had no effect.

Information regarding biochemical changes in the glomerular basement
membrane in diabetes in general or in diabetic nephropathy specifically is scarce.
A likely biochemical abnormality is the formation of advanced glycosylation end-
products, which in turn may interfere with basement membrane assembly [13].
Whether this phenomenon is specifically associated to the development of diabetic
nephropathy is however unknown. A 10% reduction in sialic acid content has been
found in patients with diabetic nephropathy, but in general no major specific
alterations in the basement amino acid or carbohydrate content have been demonstra-
ted [14].

Quantitative measurement of glomerular basement membrane heparan sulphate
in IDDM patients with microalbuminuria was recently published [10] reporting a 30-
40% reduction in number of heparinase digestible anionic sites in the glomerular
basement membrane lamina rare externa in IDDM patients with urinary albumin
excretion above 200 mg/24 h. No reduction in the number of sites was however
found in 3 patients with urinary albumin excretion in the range from 30 to
100 mg/24 h compared to 5 patients with normal urinary albumin excretion.
Shimomura & Spiro [15] and Parthasarathy & Spiro [16] found a 70% decrease in
glomerular basement membrane heparan sulphate core protein and a 40% decrease
in glomerular basement membrane heparan sulphate glycosaminoglycan content in
patients with »histological evidence of varying degrees of diabetic glomerulopathy«.
Semiquantitative immunohistochemical measurements have indicated a reduction in
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HS core protein in the glomerular basement membrane of patients with advanced
diabetic nephropathy [17]. In contrast, Van Den Born et al. [18] using a different
panel of antibodies found normal immunohistochemical staining of HS core protein
while segmental or absent staining was observed with an antibody directed against
the heparan sulphate glycosaminoglycan chain in 8 out of 10 biopsy samples from
IDDM patients with diabetic nephropathy. Thus in man, demonstration of significant
changes in basement membrane HS content is restricted to advanced diabetic
nephropathy.

Animal experiments provide diverging results regarding the impact of poorly
controlled diabetes on glomerular basement membrane heparan sulphate. A 50%
decreased de novo synthesis of overall glomerular heparan sulphate in isolated
glomeruli from diabetic rats was found by Reddi et al. [19] whereas Klein et al. [20]
found no significant change. Incorporation of newly synthesized heparan sulphate
into the glomerular basement membrane was reduced 30-60% in two studies [20]
[21]. In vivo labelling of newly synthesized glomerular basement membrane heparan
sulphate has suggested either a decrease [22] or no change [20,23]. Steady-state
glomerular basement membrane heparan sulphate content per glomeruli has been
measured in three studies, showing either a 60% decrease [24] or no significant
change [25,26]. Sulphation of heparan sulphate was 50% decreased in one study [26]
and not significantly changed in two [25,23]. Heparan sulphate GAG chain size has
not been significantly altered in any of the above mentioned studies. Abnormalities
in heparan sulphate-matrix interactions causing increased constitutive release of
heparan sulphate from isolated glomerular basement membranes have been suggested
[23]. Finally, Fukui et al. [27] reported a specific 50% decrease in glomerular
heparan sulphate core protein (HSPG2) mRNA expression after 4 weeks of diabetes
duration, while the mRNA’s of other glomerular basement membrane components
were increased. Subsequently a specific 2-fold increase in HSPG mRNA from week
4 to week 24 of diabetes was found. In our STZ- and spontaneously diabetic rats,
no significant reduction in kidney cortex HSPG2 mRNA was seen after 4 weeks of
diabetes when comparing animals in poor and good metabolic control [28]. Thus,
although animal studies offer a variety of results, the all round trend for heparan
sulphate is either »unchanged« or »reduceds«. It is not possible to pin-point one single
pathobiochemical mechanism.

Diabetes may be associated with a decrease in the ratio between the biosynthesis
heparan sulphate and the rate of biosynthesis of several other extracellular matrix
components. In the isolated perfused rat kidney, reactive oxygen species produced
a 10 to 20-fold decrease in heparan sulphate core protein synthesis and glomerular
basement membrane *S incorporation, whereas collagen IV and laminin were only
slightly affected [29]. In cultured porcine mesangial cells high glucose induced a 10
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to 50% decrease in basement membrane heparan sulphate core protein, whereas the
content of fibronectin remained unchanged [30]. In contrast, Doi et al. [31] found
a general increment in mRNA for both collagen IV, laminin and heparan sulphate
core protein in mouse mesangial cells exposed to advanced glycosylation end-
product-modified albumin. Several studies have found a stimulatory effect of high
glucose on collagen IV synthesis rate and mRNA expression in vitro in rat mesangial
cells, human umbilical vein endothelial cells, and mouse proximal tubular cells
[32,33,51], a tendency markedly contrasting to the findings of impaired rather than
stimulated heparan sulphate synthesis as discussed above. Thus a reduction in
basement membrane heparan sulphate may result from a dyscoordinated regulation
of the synthesis of basement membrane components.

The summary above is primarily related to diabetes-induced changes in
glomerular basement membrane heparan sulphate obtained in IDDM patients and
models of type 1 diabetes mellitus. In defiance of a vast amount of studies reported,
a definite description of the pathobiochemistry of diabetic nephropathy may not be
for long time yet.

THE STENO HYPOTHESIS

The Steno hypothesis states that »Decreased concentration of heparan sulphate in
the extracellular matrix explains the simultaneous occurrence of albuminuria and
premature atherosclerosis in IDDM. The decrease in heparan sulphate is caused by
the combined effect of poor metabolic control and genetic factors, possibly mediated
through inhibition of the glucosaminyl N-deacetylase« [1]. Thus besides establishing
a connection with albuminuria, decreased heparan sulphate concentration is
suggested to be involved in the development of premature atherosclerosis among
patients with diabetic nephropathy.

Endothelial cell surface and vascular smooth muscle cell basement membrane
heparan sulphate express a variety of anti-atherogenic properties. These include
increasing antithrombin III activity, interaction with lipoprotein lipase, maintenance
of cellular adhesion, and regulation of cellular proliferation [34,35] [36]. Extensive
reviews of the background for hypothesising a role for heparan sulphate in the
development of premature atherosclerosis can be found in [37] and [38].

The methodological difficulties in measuring the concentration of vascular
heparan sulphate are not less than those of quantitating glomerular basement
membrane heparan sulphate. A recently applied alternative is measurement of the
plasma concentration of prothrombin fragment 1+2 which may provide a close-up
indirect estimate of the effective concentration of vascular heparan sulphate. The
rationale is that a reduction in endothelial heparan sulphate content will reduce the
antithrombin III mediated inhibition of coagulation factor-Xa in turn leading to the
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production of increased amounts of prothrombin fragment 1 +2 by factor-Xa induced
convertion of prothrombin to thrombin. The Steno hypothesis has postulated this
mechanism to cause increased fibrin deposition and increasing the plasma
concentration of von Willebrand factor. Indeed increased plasma concentration of
prothrombin fragment 142 was recently reported in IDDM patients with microal-
buminuria [39]. In contrast however, another recent study could not confirm this
finding [40] although a positive correlation between prothrombin fragment 1+2 and
transcapillary escape rate of albumin (known to be elevated in diabetic nephropathy)
was found.

The mechanism behind the increased transcapillary escape rate of albumin in
patients with microalbuminuria or clinical diabetic nephropathy, according to the
Steno hypothesis, may be loss of subcutaneous capillary charge-selectivity much
parallel to the hypothesized mechanism behind the development of increased urinary
albumin excretion. Again recent studies specifically addressing this hypothesis
provides diverging results. Estimating capillary charge selectivity from interstitial
fluid concentrations of differently charged endogenous proteins we found no
evidence of reduced charge selectivity in patients with nephropathy [41]. In contrast,
Bent-Hansen et al. [42] - using exogenous tracers and possibly a more sensitive
study design - have presented data to support the hypothesized reduction in general
capillary charge selectivity.

The Steno hypothesis finally proposes that diabetes-induced impairment of
heparan sulphate metabolism may be mediated by inhibition of the key enzyme
glucosaminyl N-deacetylase. This enzyme plays a key role in the biosynthesis of
heparan sulphate, since N-deacetylation is prerequisite to N-sulphation and further
modifications of the newly synthesized glucosaminoglycan polymer. Prompted by
the original demonstration by Kjellén et al. [43] of diabetes-induced reduction in
hepatic heparan sulphate sulphation, several studies within the recent few years have
demonstrated that experimental diabetes per se leads to inhibition of N-deacetylase
activity [28,44-46]. The degree of inhibition correlates to blood glucose control
reducing activity by 40-50% when blood glucose exceeds 15 mmol/l, and may be
completely prevented by near-normalisation of blood glucose by intensified insulin
treatment. An intriguing finding relating the role of inhibition of N-deacetylase to
the development of diabetic nephropathy is the apparent correlation between
glomerular N-deacetylase activity and urinary albumin excretion [28,46]. Finally our
animal experiments have indicated that genetic factors seem to influence the
vulnerability of the N-deacetylase towards diabetes-induced inhibition, as evident
from studies including different rat strains [28,45,46]. Measurements of N-deacety-
lase activity in patients with diabetic nephropathy have till now been restricted to in
vitro studies of fibroblast cell cultures. No major constitutive reduction in
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N-deacetylase activity was found in cultured skin fibroblasts from IDDM patients
with diabetic nephropathy [47]. However the possibility that activation of protein
kinase A might be involved in the diabetes-induced N-deacetylase inhibition was
suggested in this experiment. Insulin inhibits protein kinase A activity by decreasing
its binding of cAMP [48] and insulin resistance is associated with a decrease in
insulin-induced protein kinase A down-regulation [49]. Our study may, therefore,
have identified a general pathway, i.e. protein kinase A activation, for down-
regulation of N-deacetylase activity in diabetes. This mechanism could provide an
explanation for the postulated association between development of diabetic
nephropathy and the presence of insulin resistance [50], involving decreased
N-deacetylase activity.

CONCLUSION
Since the publication of the first studies relating heparan sulphate to diabetic
nephropathy a decade has passed during which the Steno hypothesis has found both
support and neglect. As a working hypothesis, it remains a valuable guiding tool
when exploring the pathogenesis of diabetic nephropathy.

Improvement of methodological means for quantitative and qualitative
measurements of cell surface and basement membrane heparan sulphate may be
essential to allow for further significant progress.
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21. VOLUME HOMEOSTASIS AND BLOOD PRESSURE IN DIABETIC STATES

JAMES A. O’HARE and J. BARRY FERRISS

1. BLOOD PRESSURE AND BODY FLUIDS
The final determinants of arterial blood pressure are cardiac output and systemic
vascular resistance [1]. Cardiac output is determined by extracellular fluid (and
blood volume) and filling pressure. Peripheral resistance is influenced by a host of
factors, with the renin-angiotensin-aldosterone axis, atrial natriuretic factor and the
sympathetic nervous system playing the leading neuro-endocrine roles in
volume/resistance homeostasis.

In this chapter we will review studies of extracellular fluid, sodium and the
status of their homeostatic neuroendocrine systems in a variety of diabetic states.

2. METABOLIC CONTROL INFLUENCES VOLUME HOMEOSTASIS

It is a fundamental clinical observation that states such as ketoacidosis and
hyperosmolar non-ketotic coma are characterised by profound dehydration and
electrolytes deficits. In less severe states of poor metabolic control there appears to
be mild stimulation of the renin angiotensin-aldosterone system in human studies and
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with improvements in metabolic control there is an increase in total exchangeable
sodium and plasma volume and down regulation of the renin-angiotensin system [2].
By contrast studies in streptozotocin induced diabetes in rats are associated with a
paradoxical increase in fluid volumes, suppression of renin and stimulation of atrial
natriuretic factor [3]. While these unexpected trends have not been seen in most
human studies, higher plasma atrial natriuretic peptide (ANP) and lower plasma
renin activity (PRA) were found in poorly controlled diabetics in one report [4].

3. SODIUM RETENTION OCCURS IN NORMOTENSIVE DIABETICS
Exchangeable sodium is frequently elevated in both IDDM and NIDDM
normotensive diabetic patients without overt nephropathy [5,6,7]. Total body sodium
measured by neutron activation analysis is also increased [8]. Extracellular volume
is expanded [7-9] to a similar degree in IDDM patients with both elevated and
normal glomerular filtration rates [9].

Sodium retention in the absence of elevated blood pressure might be explained
by cardiac impairment, by altered vascular reactivity, or by a change in Starling’s
forces in the microcirculation. Significant myocardial dysfunction is unusual in
insulin-dependant diabetics in good metabolic control [10]. Vascular reactivity to
infused norepinephrine [5] and angiotensin II [11] is enhanced in diabetics without
complications, findings which do not favour decreased vascular reactivity as a cause
of sodium retention. Increased microvascular permeability to albumin [12,13] and
fluid [14] have been demonstrated especially in patients with microvascular
complications. The transcapillary escape rate of albumin is positively related to 24-h
urinary albumin excretion and to exchangeable sodium in normotensive diabetics
[15].

Sodium retention may result from a primary renal defect. Normotensive IDDM
patients without clinically overt renal disease have an impaired ability to excrete a
water load [9] and have a diminished natriuresis in response to underwater
immersion [16]. This impaired natriuresis occurs despite an increase in creatinine
clearance and in filtered sodium, indicating enhanced tubular sodium reabsorption
[9].

Physiological or elevated levels of insulin may stimulate sodium retention in the
renal tubule [17,18] although infusions of insulin at physiological concentrations do
not impair the natriuretic response to immersion in normal subjects [19]. Marked
hyperinsulinaemia reduces urinary sodium excretion even in subjects and animals
who are insulin resistant in respect of glucose metabolism [18,20]. However despite
sodium retention insulin does not raise blood pressure acutely in diabetics [21]. Thus
it is possible that the hyperinsulinaemia that occurs episodically in IDDM and that
is seen in some patients with NIDDM contributes to sodium retention. Proximal
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tubular absorption of sodium may be amplified in the presence of hyperglycaemia
[22].

Plasma aldosterone concentrations are generally normal in metabolically well
controlled patients [5,23]. By contrast basal ANP concentrations are slightly elevated
in IDDM [9] and NIDDM [24]. In IDDM patients the ANP response both to saline
loading [9] and to water immersion [16] are normal. However the natriuretic
response to a saline load remained impaired during ANP infusion [25] demonstrating
the presence of impaired renal responsiveness to ANP. Nevertheless renal blood
flow responsiveness to short term infusions of ANP was preserved in diabetics with
established chronic renal failure (26).

It is possible that blood pressure is sodium dependent in such patients, albeit in
the normal range. In contrast to normal subjects, normotensive diabetics without
overt nephropathy show a weak positive association between systolic blood pressure
and exchangeable sodium [27]. Exchangeable sodium in these patients also correlates
with 24-h urinary albumin excretion [15] and sodium retention is a possible
explanation for the small blood pressure rise often seen in patients with incipient
nephropathy [7].

Blood volume appears to be normal in normotensive diabetics without long-term
complications [5,6]. A small increase in blood volume may result in a substantial
increase in blood pressure [28] however, and current techniques may not detect
subtle changes.

Despite the presence of sodium retention, PRA is generally normal in IDDM
patients without complications [27,29-31]. In contrast PRA is suppressed in
normotensive non-insulin dependent diabetics compared with similar-aged control
subjects [32], findings consistent with functional suppression by increased body
sodium.

4. HYPERTENSION IN NON-INSULIN DEPENDENT DIABETICS

Up to 50% of patients with NIDDM may have hypertension [33]. It is often present
at the time diabetes is detected [34]. There are likely to be a variety of causes,
including factors co-associating through insulin resistance [35], nephropathy from
diabetes and other causes of hypertension.

We measured exchangeable sodium and PRA in hypertensive non-insulin
dependent diabetic patients without overt nephropathy [32]. The findings were
compared with those in control subjects, normotensive diabetics and patients with
essential hypertension of similar age. Urinary albumin excretion was similar in
normotensive and hypertensive diabetics and in patients with essential hypertension.
It is unlikely that hypertension could be attributed to nephropathy in diabetic patients
and was present at diagnosis of diabetes in most. Exchangeable sodium was similar
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in control subjects and in essential hypertension, as previously described [36].
Exchangeable sodium was elevated in normotensive non-insulin dependent patients,
but was not clearly elevated in hypertensive diabetic subjects. A similar pattern has
been described in non-nephropathic hypertensive diabetics when total body sodium
was measured by neutron activation analysis [8]. Exchangeable sodium and blood
pressure were not related in either hypertensive group [32]. On the other hand PRA
was suppressed in both normotensive and hypertensive diabetic patients. Intravas-
cular volume tended to be lower in both non-diabetic and diabetic hypertensives,
compared with their control groups.

Thus, as in essential hypertension, the hypertensive NIDDM patient without
nephropathy is not characterised by volume expansion, and PRA is appropriately
suppressed. The findings contrast with those in nephropathic hypertension discussed
below.

5. DIABETIC NEPHROPATHY
Overt diabetic nephropathy is associated with marked fluid retention and a
disturbance of a variety of endocrine regulators of volume homeostasis.

Exchangeable sodium is further increased in nephropathic patients compared
with patients with uncomplicated diabetes [6], and is positively related to blood
pressure in incipient [7] and overt nephropathy [6]. Again, the causes of sodium
retention are multiple. The transcapillary escape rate of albumin is usually elevated
[12] and in more advanced cases hypoalbuminemia may be present. Some patients
develop neuropathic oedema secondary to loss of autonomic nervous regulation of
microvascular blood flow in the lower extremities [37], and myocardial failure may
also contribute to fluid retention [38]. Intravascular volume is not increased [6]. This
is not surprising however, in the light of other forms of renal disease with
hypertension [39].

Early reports of PRA and plasma aldosterone in patients with advanced diabetic
nephropathy described diminished responses to volume depletion [40,41]. In patients
with less severe disease and receiving an unrestricted sodium intake, plasma levels
of renin, angiotensin II and aldosterone may not be suppressed [6,23], although low
plasma angiotensin 11 concentrations have been reported in IDDM patients with and
without nephropathy despite normal renin values [7]. Higher renin levels have also
been described in diabetic nephropathy [42]. The sodium-renin product which
reflects the combined influence of exchangeable sodium and plasma renin activity,
is increased in patients with diabetic nephropathy, compared with diabetic patients
without complications and non-diabetic controls [6]. While overt hyporeninemic
hypoaldosteronism is relatively rare [23], an elevation of circulating inactive renin
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is common and appears to be a marker for microvascular complications [43]. It’s
functional significance if any, is unknown.

Plasma ANP concentrations are elevated in diabetic nephropathy showing a
marked increase during water immersion but renal cyclic GMP responses are blunted
suggesting renal resistance to ANP [44]. In NIDDM patients urinary dopamine
excretion is significantly lower in patients with overt nephropathy compared to those
with normal albumin excretion [45]. PRA has been reported to suppress during
water immersion in normal subjects and in diabetic patients with normal albumin
excretion or microalbuminuria [46] but not in diabetic nephropathy [44].

In other forms of chronic renal failure, raised blood pressure appears to be
related to sodium retention and inappropriate activity of the renin-angiotensin
system. Exchangeable sodium is elevated, PRA is inappropriately high and blood
pressure is positively related to both exchangeable sodium and the sodium-renin
product [47,48]. Similar mechanisms seem to operate in patients with diabetic
nephropathy; exchangeable sodium is increased, PRA is not suppressed despite
marked sodium retention and blood pressure is positively related to both exchan-
geable sodium and the sodium-renin product [6,49].

Orthostatic hypotension due to sympathetic autonomic neuropathy can
accompany diabetic nephropathy. Despite this orthostatic hypotension, blood
pressure may be quite elevated in the supine position constituting a difficult clinical
problem. Exchangeable sodium tends to be highest in subjects with nephropathy and
supine hypertension, while values are relatively low in non-nephropathic patients
[50].

6. IMPLICATIONS FOR MANAGEMENT OF HYPERTENSION

As is discussed elsewhere in this volume effective treatment of hypertension delays
the decline of renal function in IDDM patients with diabetic nephropathy. How are
volume and its homeostasis effected by therapy of hypertension in diabetics? In view
of the evidence that hypertension in nephropathy be may be at least partly
maintained by sodium retention and inappropriate activity of the renin-angiotensin
system, initial treatment with a diuretic seems logical. Thus, Weidmann et al. [51]
studied a mixed group of mildly hypertensive diabetic patients, with and without
long-term complications including nephropathy. Chlorthalidone produced a fall in
blood pressure and in exchangeable sodium, while exaggerated pressor responses to
norepinephrine, and angiotensin II were restored to normal. Plasma renin and
aldosterone rose briskly, perhaps blunting the antihypertensive effect. A recent
worrisome observation is that diuretic therapy was associated with higher cardiovas-
cular mortality compared to similar hypertensive diabetics who were not treated

[52].
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ACE inhibition produces a substantial natriuresis in diabetics [26] supporting the
role of abnormal sodium-renin relationships in some patients with diabetic
nephropathy. Furthermore renal responsiveness to plasma ANP was restored.
Finally, moderate sodium restriction [53] in hypertensive type 2 diabetics seems to
have a clinically significant effect in lowering BP to a degree comparable to
antihypertensive therapy.
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22. PATHOGENESIS OF DIABETIC GLOMERULOPATHY: THE ROLE OF
GLOMERULAR HEMODYNAMIC FACTORS

JITEN P. VORA, SHARON ANDERSON and BARRY M. BRENNER

INTRODUCTION

Glomerular hyperfiltration in insulin-dependent (type 1) diabetes mellitus (IDDM)
has been recognized for many years [1-3], with increments in renal plasma flow
(RPF) and nephromegaly [3]. With the finding of hyperfiltration, Stalder and Schmid
proposed that these early functional changes may predispose the subsequent
development of diabetic glomerulopathy [1]. Early support for the hypothesis that
renal hyperperfusion and hyperfiltration contribute to diabetic glomerulopathy
emanated from the finding of diabetic glomerulopathy only in the non-stenosed
kidney in the setting of unilateral renal artery stenosis [4].

Although glomerular hyperperfusion and hyperfiltration have been well
documented in IDDMs [1-3], similar studies have only recently been performed in
the much larger patient population with non-insulin-dependent (Type 2) diabetes
mellitus (NIDDM). Studies reveal a wide range of renal hemodynamics in NIDDMs,
but provide clear evidence for elevations of GFR and RPF in significant proportions
of patients of Caucasian, Native- and Afro-American origin [5-8]. Hyperfiltration
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(defined as GFR values above the mean + two standard deviations for age-matched
normal subjects [120 ml/min/1.73 m?]) was detected in 45% of newly presenting
normotensive non-proteinuric NIDDMs [5]. Fiitration fraction was also elevated,
suggesting an increase in glomerular capillary pressure. Preliminary longitudinal data
in Pima Indians also reveals significant increases in GFR and RPF at the time of
development of NIDDM [8].

It has been proposed that the glomerular hyperfunction of early Type 1 diabetes
predicts the later development of overt nephropathy and diabetic glomerulopathy
[9,10], while others have failed to document such a relationship [11,12]. The
reasons for these disparate results are as yet unclear. Likewise, the role of the
glomerular hyperfiltration observed in NIDDMs in the subsequent development of
nephropathy remains to be established in longitudinal studies. However, preliminary
results indicate a reduction in GFR in NIDDMs over the first 2 years after
diagnosis, with the greatest changes in the younger patients with initial GFR values
greater than 120 ml/min [13]. Despite the controversy in human diabetes concerning
the significance of hyperfiltration in the subsequent development of overt nephropa-
thy, extensive experimental data provides considerable insight into the importance
of hemodynamic factors in the initiation and progression of diabetic glomerulopathy
[14,15].

Renal Hemodynamics in Experimental Diabetes Mellitus

Several animal models with spontaneous or induced diabetes have been used to study
the role of altered hemodynamics in the development of diabetic glomerulopathy
[14,15]. As in Type I diabetic patients [16], diabetic rats tend to exhibit reduced
values for whole kidney GFR during periods of severe uncontrolled hyperglycemia;
single nephron (SN) GFR and plasma flow rates are also normal or reduced in
animals in such catabolic states [17]. In the more clinically applicable model with
moderate hyperglycemia, whole kidney GFR and SNGFR increase by about 40% as
compared to normal rats [17-19]. Reductions in intrarenal vascular resistances result
in elevation of the glomerular capillary plasma flow rate, Q,. Despite normal blood
pressure levels, transmission of systemic pressures to the glomerular capillaries is
facilitated by proportionally greater reduction in afferent compared to efferent
arteriolar resistances [17-19]. Consequently, the glomerular capillary hydraulic
pressure (Pg.) rises. Thus, the observed single nephron hyperfiltration results from
both glomerular capillary hyperperfusion and hypertension [17-19]. In longterm
studies, diabetic rats develop morphologic changes reminiscent of those in the
diabetic human, including glomerular basement membrane thickening, renal and
glomerular hypertrophy, mesangial matrix thickening and hyaline deposition, and
ultimately glomerular sclerosis [18-23].
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Evidence that these glomerular hemodynamic maladaptations contribute to the
development and progression of diabetic glomerulopathy has been shown by studies
involving maneuvers which aggravate or ameliorate glomerular hyperperfusion and
hyperfiltration, without affecting metabolic control. Uninephrectomy, which
increases SNGFR, Q, and Pg. in normal rats, accelerates the development of
albuminuria and glomerular sclerosis in diabetic rats [24]. Intensification of
glomerular lesions is observed in the unclipped kidney of diabetic rats with two-
kidney Goldblatt hypertension, while the clipped kidney is substantially protected
from glomerular injury [25]. Diabetic renal injury is similarly amplified by
augmentation of dietary protein content, which increases glomerular perfusion and
filtration [18].

By contrast, dietary protein restriction, which reduces SNGFR, Q, and P in
other models, has clarified the role of hemodynamic factors in diabetic glomerulopa-
thy. In long-term diabetes, low protein diets limited SNGFR by reducing the
elevated Pg. and Q,, and virtually prevented albuminuria and glomerular injury. In
contrast, diabetic rats fed a high protein diet exhibited glomerular capillary
hyperfiltration, hyperperfusion and hypertension, and marked increases in
albuminuria and glomerular morphologic injury [18]. As there were no differences
in metabolic control between the various groups, this study provided clear evidence
that amelioration of the maladaptive glomerular hemodynamic pattern could
dramatically lower the risk of diabetic glomerulopathy.

Mechanisms of Hyperfiltration in Diabetes

The pathogenesis of diabetic hyperfiltration is multifactorial. Numerous mediators
for this effect have been proposed (table 22-1), and are briefly reviewed here. The
metabolic milieu may contribute: hyperglycemia and/or insulinopenia per se [26],
together with augmented growth hormone and glucagon levels [27,28]. Reduction
of plasma glucose with initial institution of insulin therapy reduces GFR in both
Type 1 and 2 diabetes [26,29]. In moderately hyperglycemic diabetic rats,
normalization of blood glucose levels reverses hyperfiltration [30], and insulin
infusion reduces Pg;c [31]. By contrast, insulin infusion sufficient to produce
hyperinsulinemia, with euglycemia, increases Pgc and hyperfiltration in normal rats
[32]. Further, infusion of blood containing early glycosylation products reproduces
glomerular hyperfiltration in normal rats [33].

Diabetes is also characterized by other physiologic changes with hemodynamic
consequences, including elevation of plasma atrial natriuretic peptide levels [34];
possible augmentation of endothelium-derived relaxing factor activity [35]; reduced
glomerular receptor sites for the vasoconstrictive Ang Il and thromboxane [36,37];
vascular hyporesponsiveness to catecholamines and Ang II [38], and blunting of the
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Table 22-1. Potential mediators of diabetic hyperfiltration

Hyperglycemia/insulinopenia

Extracellular fluid volume expansion

Blunted tubulo-glomerular feedback

Advanced glycosylation end-products

Atrial natriuretic peptide

Endothelial-derived relaxing factor

Vasodilator prostaglandins

Increased plasma ketone bodies, organic acids
Increased plasma glucagon levels

Increased plasma growth hormone levels

Increased insulin-like growth factor-1

Relative renin-angiotensin deficiency
Hyporesponsiveness to catecholamines/angiotensin II
Abnormalities in calcium metabolism

Abnormal myo-inositol metabolism

Tissue hypoxia/abnormalities in local vasoregulatory factors

tubulo-glomerular feedback mechanism [39]. Each of these may contribute; for
example, blockade of atrial natriuretic peptide action with an antibody [34] or a
specific receptor antagonist [40] blunts hyperfiltration in diabetic rats. Enhanced
activity of vasodilator prostaglandins is another mechanism proposed as a mediator
of diabetic hyperfiltration, as prostaglandin synthetase inhibition results in significant
reductions in SNGFR, Q, and Pg. [41]. Diabetes related abnormalities of other
vasodilator mechanisms have also been suggested, with findings of elevated urinary
metabolites of the kallikrein-kinin system [42]. Indeed, infusion of a specific
bradykinin BK, receptor antagonist reduces GFR and RPF in diabetic rats [43].

Increased activity of the polyol pathway and related disturbances in cellular
myo-inositol metabolism have been implicated in the pathogenesis of several diabetic
microangiopathic complications. Dietary myo-inositol supplementation and
pharmacologic inhibition of aldose reductase sometimes [44] though not always [45]
prevent renal hypertrophy, hyperfiltration and proteinuria in diabetic rats.

Role of glomerular capillary hypertension

Of the glomerular hemodynamic determinants of hyperfiltration, the available
evidence suggests that glomerular capillary hypertension plays the key role in
progression of renal injury. Long-term protection against albuminuria and
glomerular sclerosis was obtained in normotensive diabetic rats by angiotensin I
converting enzyme inhibitor (CEI) therapy in doses which modestly lowered
systemic blood pressure, but selectively normalized Pg., without affecting the
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supranormal SNGFR and Q, [19]. Studies in a variety of experimental models,
including diabetes, have consistent shown that interventions which control
glomerular capillary hypertension are associated with marked slowing of the
development of structural injury [46].

Little is yet known of the exact mechanism(s) by which glomerular capillary
hypertension eventuates in structural injury. Recently, innovative new techniques
using a variety of in vitro systems have been developed to address this question.
These studies postulate that glomerular hemodynamic factors modify the growth and
activity of glomerular component cells, inducing the elaboration or expression of
cytokines and other mediators which then stimulate mesangial matrix production and
promote structural injury. For instance, increased shear stress on endothelial cells
enhances activity of such mediators as endothelin [47], nitric oxide [48], and
platelet-derived growth factor [49]. Altered hemodynamics also influence mesangial
cells: it has been postulated that expansion of the glomerular capillaries, and
stretching of the mesangium in response to hypertension, might translate high Pgc
into increased mesangial matrix formation [S0]. Evidence for this mechanism comes
from observations in microperfused rat glomeruli, in which increased hydraulic
pressure was associated with increased glomerular volume; and in cultured
mesangial cells, where cyclic stretching resulted in enhanced synthesis of protein,
total collagen, collagen IV, collagen I, laminin, fibronectin, and transforming growth
factor-8 (TGF-B8)[50,51]. Additionally, growing mesangial cells under pulsatile
conditions has been reported to stimulate protein kinase C, calcium influx, and
proto-oncogene expression [52], while shear stress activates latent forms of TGF-8
in mesangial cells [53].

Antihypertensive therapy in experimental diabetes

Further support for the notion that glomerular capillary hypertension constitutes a
central mechanism of glomerular injury in experimental diabetes comes from studies
comparing differing antihypertensive agents [14]. Of the agents studied, CEIs have
consistently limited injury parameters (albuminuria and glomerular sclerosis) in
normotensive diabetic rats, uninephrectomized diabetic rats, and diabetes superim-
posed on genetic hypertension [19,54-59], as well as in diabetic dogs [60]. In studies
where glomerular hemodynamics were measured, the protection afforded by CEls
was associated with reduction of Py, due to preferential reduction of efferent
arteriolar tone.

By contrast, conflicting results have been reported for antihypertensive regimens
which fail to control glomerular hypertension. Agents such as calcium channel
blockers, 3-blockers and combinations of vasodilators and diuretics (»triple therapy«)
have not resulted in structural and functional protection in experimental diabetes with
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any consistency [19,54-60]. Failure to exert longterm control of glomerular
hypertension has frequently been found to explain lack of protection with these
alternate agents.

That the beneficial effects of angiotensin converting enzyme inhibition are due
in large part to limitation of Ang II formation has been confirmed in studies showing
that the beneficial hemodynamic [61] and structural [62] effects can be reproduced
with specific Ang II receptor antagonists. Ang II possesses a number of physiologi-
cal actions. Limitation of several of these have been postulated to contribute to the
protective effect of CEls, including control of systemic and glomerular hypertension;
decreased mesangial and tubular macromolecular and solute transfer; decreased
proteinuria with improved glomerular permselectivity; and limitation of glomerular
hypertrophy and microvascular growth. Although experimental diabetes is
characterized by glomerular enlargement, longterm protection with CEIs has been
observed without consistent limitation of glomerular size [54,55,57]. The proposed
beneficial mechanisms of CEIs are, however, not mutually exclusive.

Although the role of aggressive control of hypertension in the preservation of
renal function in diabetic nephropathy has been indisputably proven, clinical studies
directly comparing different antihypertensive agents have remained somewhat
controversial. Of note, however, are recent meta-analyses [63,64] as well as clinical
trials [65] which are highly suggestive of a superior ability of CEls to slow the pace
of diabetic nephropathy, as compared to other antihypertensive agents.

Elucidation of the complex mechanisms that contribute to diabetic hyperfiltration
remains a challenge. It is also clear that many genetic, metabolic and hemodynamic
factors act in concert with the end result of glomerular obsolescence. The enormity
of the clinical problem of end-stage renal disease in this highly susceptible patient
population behooves continued intense research into pathogenetic mechanisms, and
approaches to specific therapy of patients at risk for renal disease.
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23. ROLES OF GROWTH FACTORS IN DIABETIC KIDNEY DISEASE

ALLAN FLYVBIJERG, BIRGITTE NIELSEN, CHRISTIAN SKJZARBZK, JAN FRYSTYK,
HENNING GRONBZAK and HANS GRSKOV

Diabetic kidney disease is characterized by an early increase in kidney size,
glomerular volume and kidney function and later by the development of mesangial
proliferation, accumulation of glomerular extracellular matrix (ECM), increased
urinary albumin excretion (UAE) and glomerular sclerosis. The search for
significant pathogenic mechanisms in diabetic kidney disease has focused on the
early events, at the point in time when the above mentioned pathophysiological
changes take place. Several metabolic, functional and structural renal changes in
streptozotocin (STZ)-diabetic rats have fundamental similarities to those occurring
in diabetic patients and this model has accordingly been used extensively in diabetes
research aiming to elucidate the pathogenesis of diabetic kidney disease.

The term ’growth factor’ is used as a generic designation for any substance
capable of inducing cellular differentiation and/or proliferation and embraces an ever
increasing number of peptides found in the circulation and in different tissues.
Growth factors have therefore attracted attention in several areas of diabetes research
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including conceivable effects on the renal changes seen in experimental and human
diabetes.

The present review will describe the most recent evidence for a causal role of
growth factors in diabetic kidney disease, with emphasis on studies performed in
experimental diabetes as only a few clinical studies has been published on this topic.

1. GROWTH HORMONE (GH) AND INSULIN-LIKE GROWTH FACTORs
(IGFs)

Virtually all members of the GH-IGF axis are present in the kidney, ranging from
GH-receptors [1], through messenger RNA (mRNA) expression for IGF-I and IGF-
II [2] and their respective receptors: the IGF-I receptor and the IGF-II/Mannose-6-
phosphate receptor [3], to the presence of six different classes of specific binding
proteins (IGFBPs) for IGF-I and -II [4,5].

IGF-I exerts a number of actions on renal tissues at a cellular level, having both
proliferative and differentiative effects. In glomerular mesangial cells in mice [6] and
rats [7], and in rabbit renal cortical tubular cells [8], IGF-I has mitogenic actions.
In human fetal mesangial cells, IGF-I stimulates protein and proteoglycan synthesis
[9].

There is today substantial evidence that GH is capable of increasing kidney
function and size indirectly through IGF-I [10], but also that IGF-I, independently
of GH, acutely stimulates kidney function [11] and after some days also renal
growth [12]. In addition, GH and IGFs are implicated as mediators of renal
hyperfunction and hypertrophy in diabetes. When GH was given subcutaneously
twice daily to well-controlled Type 1 diabetic patients for one week to raise plasma
levels to approximately those found in diabetic patients in average to poor metabolic
control, significant increases in GFR and RPF were found [13]. Whether this effect
is mediated through IGF-I is, however, unknown. In STZ-diabetes increase in renal
growth and function is preceded by a rise in renal tissue concentration of IGF-I
reaching a peak 24-48 h after the induction of diabetes and returning to basal levels
after about 4 days [14,15]. In addition, IGF-I infusion into diabetic rats commencing
after the initial rapid growth rate has abated, with restoration of the initial high
kidney IGF-I levels, re-accelerates diabetic renal hypertrophy [16]. Concomitantly
with the rise in endogenous kidney IGF-I, a transient increase in kidney IGFBP
species is seen, supporting the notion that IGFBPs may modulate the renotropic
action of IGF-I in diabetic renal enlargement [17]. Diabetic dwarf rats with isolated
GH and IGF-I deficiency exhibit slower and lesser initial renal and glomerular
hypertrophy as well as a smaller rise in kidney IGF-I than diabetic controls with
intact pituitary, indicating that GH per se may be involved in the modulation of renal
enlargement [18]. Strict insulin treatment abolishes both the increase in kidney IGF-I
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and renal hypertrophy [14] and a long-acting somatostatin analogue (octreotide)
equally inhibits kidney IGF-I accumulation and growth without affecting the blood
glucose levels [15]. These results indicate that IGF-I acts as an initiating growth
factor for diabetic renal enlargement in experimental diabetes.

At present there is no direct evidence that IGF-I is involved also in maintaining
diabetic kidney hypertrophy and function. However, in view of the evidence that
octreotide may directly inhibit IGF-I synthesis independently of GH inhibition [19],
it is intriguing that six months administration of octreotide to diabetic rats reduces
diabetic UAE, renal hypertrophy and serum and kidney IGF-I without affecting
metabolic control [20]. Furthermore, reduction in renal size and hyperfunction is
seen in Type 1 diabetic patients treated with octreotide for a period of three months
without discernible reductions in serum GH, glucagon or HbA{., but with
pronounced reductions in circulating IGF-I levels [21]. Finally, long-term diabetic
dwarf rats, with a diabetes duration of six months, display a smaller degree of renal
and glomerular hypertrophy and rise in UAE, when compared to the changes
observed in pituitary intact diabetic rats [22].

2. EPIDERMAL GROWTH FACTOR (EGF)

The kidney is one of the main sites of EGF synthesis and the urinary excretion is
halved after removal of one kidney [23]. EGF is also synthesized in submandibular
glands and in the gastrointestinal tract, but removal of these organs does not alter
the urinary excretion of EGF [23]. Recent studies have suggested that the kidney is
also a target organ of EGF. The presence of EGF receptors has been demonstrated
in several segments of the nephron [24], and EGF administered in vivo systemically
or directly into the renal artery increases urine flow and urinary sodium and
potassium excretion [25]. The demonstration of acute effects of EGF on renal
function [26,27] opens some intriguing possibilities for a physiological role of EGF
in the kidney. Although one study [23] reported reduced urinary EGF excretion after
reduction of renal mass, increased renal EGF synthesis and a transiently increased
amount of immunoreactive EGF in distal kidney tubules have been demonstrated
after unilateral nephrectomy [28]. In addition, a recent study focusing on a possible
role for EGF in the early renal enlargement in experimental diabetes demonstrated
a pronounced elevation in diurnal urine EGF excretion, while no significant changes
were obtained in renal and plasma EGF within the first 7 days after induction of
diabetes [29].

No measurements of the renal EGF content and EGF excretion have yet been
published in long-term experimental diabetes, however, three recent cross-sectional
clinical studies looked at the possible participation of EGF in diabetic nephropathy
by measuring the urinary excretion of EGF [30-32]. Both Mathiesen et al. [30] and
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Dagogo-Jack et al. [31] examined urinary excretion of EGF in Type 1 diabetic
patients with and without incipient or overt nephropathy. Both studies demonstrated
reduced urinary excretion of EGF in patients with elevated UAE compared with
controls. A significant inverse correlation between urinary excretion of EGF and
UAE was also reported and furthermore urinary excretion of EGF correlated
positively to GFR [30] and creatinine clearance [32]. These studies demonstrate that
the urinary excretion of EGF diminished with increasing nephron impairment, and
that renal tubular function as judged by urinary EGF excretion is reduced early in
the development of diabetic kidney disease. These findings in diabetic patients are
in accordance with the findings of reduced urinary EGF excretion in patients with
various non-diabetic glomerulopathies [33], and seem to preclude a possible
pathogenic role in the development of the long-term diabetic glomerulopathy.

3. TRANSFORMING GROWTH FACTOR g (TGF-)

TGF-f is a 25 kDa polypeptide, synthesized as an inactive precursor protein which
may bind to a 125 kDa TGF-f binding protein, and is proteolytically changed into
its active form. TGF-£ is a prominent member of a family of cell regulatory proteins
and is unique among growth factors in its broad effects on extracellular matrix. The
kidney is both producing TGF-f and a target of TGF-# action, as both mRNA TGF-
3, the active protein and TGF-@ receptors have been demonstrated in all cell types
of the glomerulus and in tubules.

There is strong evidence for TGF-f playing a role in different forms of kidney
diseases characterized by ECM accumulation. In cultured glomerular cells obtained
from immunologically induced glomerulonephritis, increased amounts of active TGF-
B can be measured [34]. Furthermore, both the administration of an antibody raised
against TGF-8 [35] or decorin [36], a natural inhibitor of TGF-83, to glomerulone-
phritic rats suppresses glomerular matrix production and prevents matrix ac-
cumulation in injured glomeruli. In the diabetic kidney, the pathological changes in
glomeruli and tubules may be due to an altered synthesis/degradation of ECM.
Interestingly, Ziyadeh et al. [37] have shown that elevated glucose levels in vitro
stimulate TGF-3 gene expression and bioactivity, cellular hypertrophy and collagen
transcription in proximal tubules. Furthermore, Nakamura et al. [38] have shown
sustained glomerular mRNA TGF-g levels in long-term STZ-diabetic rats. It would
be interesting, in the near future, to study the possible beneficial effects of antiserum
against TGF-B or administration of the natural TGF-8 inhibitor, decorin, in
experimental diabetes.
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4. PLATELET DERIVED GROWTH FACTOR (PDGF)

PDGF, stored in platelet o-granules, is synthesized and released by many other
cells, such as macrophages, smooth muscle and endothelial cells. PDGF exists in
three forms as heterodimer of A and B chains or homerdimers of either chain.
Platelets interact with the vascular wall in several ways and can affect vascular
contractility, prostanoid metabolism, and cell proliferation [39]. Major interest in the
involvement of platelets in the pathogenesis of vascular disease was aroused
following the hypothesis of Ross and Glomset [40]. According to this model a
sequence of events leads to endothelial damage which allows platelets to adhere to
the vascular endothelium and release their contents; increased permeability of
vascular endothelium to plasma factors; and the migration and proliferation of
vascular smooth muscle cells.

Vascular smooth muscle is one target of PDGF [41] and cultured microvessel
endothelial cells has been shown to have high affinity binding sites for PDGF [42].
In the kidney, both glomerular mesangial and renal epithelial cells [43] synthesize
PDGF, and in human mesangial cells PDGF itself and EGF induce the production
of mRNA PDGF [43].

Gesualdo et al. [44] and lida et al. [45] have reported that the glomerular
mRNA expression for both the PDGF-A and PDGF-B chain are increased in two
models of mesangial proliferative glomerulonephritis. Nakamura et al. [38] very
recently reported that in long-term STZ-diabetes in rats, a specific increase in
glomerular mRNA PDGF-B was found without any measurable changes in the
glomerular PDGF-A expression.

5. TUMOR NECROSIS FACTOR « (TNF-a)

TNF-a is a potent cytokine originally defined on the basis of its ability to induce
hemorrhagic necrosis of solid tumors and has later been shown to be identical to
cachectin, a mediator of wasting diathesis in infected animals. TNF-a is now
recognized to exert a number of proinflammatory actions, including neutrophil
activation, induction of coagulation on vascular endothelium and stimulation of
collagenase secretion. Originally, mononuclear phagocytes were considered to be
the sole source of this growth factor. TNF-a has, however, been shown to be
produced by a variety of different cell types, including glomeruli and glomerular
mesangial cells [46], opening the possibility for actions on the kidney through both
endocrine and paracrine/autocrine mechanisms.

Recent studies have shown that TNF-a may be involved in various forms of
renal injury, including experimental diabetes. In lupus nephritis, nRNA TNF-qa is
expressed in the renal cortex [47] and in antiglomerular, basement membrane
glomerulonephritis an association between glomerular TNF-a production and
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glomerular macrophage infiltration has been shown [48]. In STZ-diabetic rats, with
a diabetes duration of 3 months, Hasegawa et al. [49] showed increased release of
TNF-a from glomerular basement membranes when compared with non-diabetic
controls. In addition, Nakamura et al. [38] recently showed that the glomerular
mRNA TNF-« expression in STZ-diabetic rats with a diabetes duration of 4, 12, and
24 weeks revealed a pronounced and sustained increase. Until now no published
studies have looked at the possible role for TNF-¢ in the early diabetes-induced
renal hypertrophy.

6. FIBROBLASTIC GROWTH FACTORs (FGFs)

In 1948 Michaelson postulated that ischaemic retina produced a vasculogenic factor
[50]. Since that time several angiogenic factors produced by the retina have been
isolated, including retina derived growth factor and retina derived angiogenic factor
[51]. These have been shown to be identical to acidic and basic fibroblastic growth
factor (a and b FGF) [52]. These growth factors stimulate growth of cells in vitro,
bFGF, being the more potent [53], stimulates the proliferation of myoblasts,
vascular endothelial cells, fibroblasts, and smooth muscle cells [54]. Although bFGF
has been demonstrated in a wide variety of tissues, including the kidney [54], very
little information is available about the in vivo regulation of bFGF in pathophysiolo-
gical states. Using a sensitive radioimmunoassay bFGF has been shown to be
released from cultured bovine retinal endothelial cells, but it appears from the gene
expression of bFGF in cultured cells that there is normally very little bFGF secretion
[55]. However, bFGF could be a cell associated angiogenic factor which is released
only under special circumstances such as ischaemia or cell death. Interestingly,
Baird and Ling showed that bFGF interacts with the heparin sulphate proteoglycan
component of the extracellular matrix [56].

Karpen et al. [57] reported that mRNA bFGF expression in whole kidney in
STZ-diabetic rats with a diabetes duration of four days was unchanged, whereas a
recent study also using STZ-diabetic rats with a diabetes duration of 4, 12, and 24
weeks revealed a pronounced and sustained increase in mRNA bFGF in glomeruli
[38] suggesting a role in the development of diabetic kidney disease. It may be
suggested that an increase in tissue protein kinase C activity may be responsible for
the rise in glomerular mRNA bFGF levels, as in vitro experiments have shown that
activation of protein kinase C by phorbor esters or other ligands increases mRNA
FGFb tissue levels [58].

7. SUMMARY AND CONCLUSIONS
This review has brought together the most recent facets of evidence for the
significance of growth factors in relation to an involvement in the development of
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diabetic kidney disease. It seems evident, however, from the present review that
there is still an extensive number of questions that needs to be elucidated before the
exact role of growth factors in the development of diabetic kidney disease is fully
understood.

In summary, GH, IGFs and EGF seem of importance as stimulators of early
renal and glomerular growth in experimental diabetes, whilst the possible role of
TGF-3, PDGF and TNF-a in the initial kidney growth phase has not yet been
established. Furthermore, GH and IGFs may be of importance for the long-term
diabetic renal changes, along with TGF-3, PDGF, TNF-a and bFGF; however a
substantial amount of information is still needed to substantiate or refute this.

During the last five years progress and new information have been generated
and one important result of this research seems to be the increasing favour among
scientists, that actions of a single growth factor cannot be considered in isolation.
It appears of importance to study under one umbrella, the complicated framework
of growth factors with enhancing and/or inhibitory interactions in the diabetic
kidney, rather than just focus on the isolated action of a single growth factor.

REFERENCES

1. Rogers SA, Hammerman MR. Growth hormone activates phospholipase C in proximal
tubular basolateral membranes from canine kidney. Proc Natl Acad Sci USA 1989; 86:
6363-6366.

2. Murphy LJ, Bell GI, Frisen HG. Tissue distribution of insulin-like growth factor I and
II ribonucleic acid in the adult rat. Endocrinology 1987; 120: 1279-1282.

3. Werner H, Shen-Orr Z, Stannard B, Burguera B, Roberts CT, LeRoit D. Experimental
diabetes increases insulin-like growth factor I and II receptor concentration and gene
expression in kidney. Diabetes 1990; 39: 1490-1497.

4. Shimasaki S, Shimonaka M, Zhang H-P, Ling N. Identification of five different IGFBPs
from adult rat serum and molecular cloning of a novel IGFBP-5 in rat and human. J Biol
Chem 1991; 266: 10646-10653.

5. Shimasaki S, Gao L, Shimonaka M, Ling N. Isolation and molecular cloning of IGFBP-
6. Mol Endocrinol 1991; 4: 1451-1458.

6. Conti FG, Striker LJ, Lesniak MA, MacKay K, Roth J, Striker GE. Studies on binding
and mitogenic effect of insulin and insulin-like growth factor I in glomerular mesangial
cells. Endocrinology 1988; 122: 2788-2794.

7. Arnqvist HJ, Ballerman BJ, King GL. Receptors for and effects of insulin and IGF-I in
rat glomerular mesangial cells. Am J Physiol 1988; 254: C411-C416.

8. Kanda S, Nomata K, Saha PK, Nishimura N, Yamada J, Kanatake H, Saito Y. Growth
factor regulation of the renal cortical tubular cells by epidermal growth factor, insulin-
like growth factor-I, acidic and fibroblastic growth factor, and transforming growth
factor-8 in serum free culture. Cell Biol Int Rep 1989; 13: 687-699.



240

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

23. Roles of growth factors in diabetic kidney disease

Moran A, Brown DM, Kim Y, Klein DJ. The effects of IGF-I and hyperglycemia on
protein and proteoglycan synthesis in human fetal mesangial cells. Diabetes 1990; 39:
suppl. 1: 70A.

Hirschberg R, Rabb H, Bergamo R, Kopple JD. The delayed effect of growth hormone
on renal function in humans. Kidney Int 1989; 35: 865-870.

Guler H-P, Schmid C, Zapf J, Froesch ER. Effects of recombinant IGF-I on insulin
secretion and renal function in normal human subjects. Proc Natl Acad Sci USA 1989;
86: 2868-2872.

Guler H-P, Zapf J, Scheiwiller E, Froesch ER. Recombinant human insulin-like growth
factor I stimulates growth and has distinct effects on organ size in hypophysectomized
rats. Proc Natl Acad Sci USA 1988; 85: 4889-4893.

Christiansen JS, Gammelgaard J, Frandsen M, @rskov H, Parving HH. Kidney function
and size in insulin dependent diabetics before and during growth hormone administration
for one week. Diabetologia 1982; 22: 333-337.

Flyvbjerg A, Thorlacius-Ussing O, Naraa R, Ingerslev J, Grskov H. Kidney tissue
somatomedin C and initial renal growth in diabetic and uninephrectomized rats.
Diabetologia 1988; 31: 310-314.

Flyvbjerg A, Frystyk J, Thorlacius-Ussing O, @rskov H. Somatostatin analogue
administration prevents increase in kidney somatomedin C and initial renal growth in
diabetic and uninephrectomized rats. Diabetologia 1989; 32: 261-265.

Flyvbjerg A, Bornfeldt KE, @rskov H, Arnqvist HJ. Effect of insulin-like growth factor
I infusion on renal hypertrophy in experimental diabetes mellitus in rats. Diabetologia
1991; 34: 715-720.

Flyvbjerg A, Kessler U, Dorka B, Funk B, @rskov H, Kiess W. Transient increase in
renal IGF binding proteins during initial kidney hypertrophy in experimental diabetes in
rats. Diabetologia 1992; 35: 589-593.

Flyvbjerg A, Frystyk J, Osterby R, Drskov H. Kidney IGF-I and renal hypertrophy in
GH deficient dwarf rats. Am J Physiol 1992; 262: E956-E962.

Flyvbjerg A, Jargensen KD, Marshall SM, @rskov H. Inhibitory effect of octreotide on
growth hormone-induced IGF-I generation and organ growth in hypophysectomized rats.
Am J Physiol 1991; 260: E568-E574.

Flyvbjerg A, Marshall SM, Frystyk J, Hansen KW, Harris AG, @rskov H. Octreotide
administration in diabetic rats: Effects on kidney growth and urinary albumin excretion.
Kidney Int 1992; 41: 805-812.

Serri O, Beauregard H, Brazeau P, Abribat T, Lambert J, Harris AG, Vachon L.
Sandostatin analogue, Octreotide, reduces increased glomerular filtration rate and kidney
size in insulin-dependent diabetes. JAMA 1991; 265: 888-892.

Grenbak H, Bjern SF, Osterby R, Drskov H, Flyvbjerg A. Effect of specific GH/IGF-I
deficiency on long-term renal and glomerular hypertrophy and urinary albumin excretion
in diabetic dwarf rats [Abstract]. 3rd International Symposium on Insulin-like Growth
Factors, February 6-10th 1994, Sydney (Australia).

Olsen PS, Nexe E, Poulsen SS, Hansen HF, Kirkegaard P. Renal origin of rat urinary
epidermal growth factor. Regul Pept 1984; 10: 37-45.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

241

Gustavson B, Cowley G, Smith JA, Ozanne B. Cellular localization of human epidermal
growth factor receptor. Cell Biol Int Rep 1984; 8: 649-658.

Scoggins BA, Butkus A, Coghlan JP, et al. In vivo cardiovascular, renal and endocrine
effects of epidermal growth factor in sheep. In: Labrie F, Prouix L (eds). Endocrinolo-
gy. Amsterdam: Elsevier; 1984; pp. 573-576.

Stanton RC, Seifter JL. Epidermal growth factor rapidly activates the hexose monophos-
phate shunt in kidney cells. Am J Physiol 1988; 253: C267-C271.

Vehaskari VM, Hering-Smith KS, Moskowitz DW, Weirer ID, Hamm LL. Effect of
epidermal growth factor on sodium transport in the cortical collecting tubules. Am J
Physiol 1989; 256: F803-F809.

Jennische E, Andersson G, Hansson HA. Epidermal growth factor is expressed by cells
in the distal tubulus during postnephrectomy renal growth. Acta Physiol Scand 1987;
129: 449-450.

Guh JY, Lai YH, Shin SJ, Chuang LY, Tsai JH. Epidermal growth factor in renal
hypertrophy in streptozotocin-diabetic rats. Nephron 1991; 59:641-647.

Mathiesen ER, Nexo E, Hommel E, Parving H-H. Reduced urinary excretion of
epidermal growth factor in incipient and overt diabetic nephropathy. Diabetic Med 1989;
6: 121-126.

Dagogo-Jack S, Marshall SM, Kendall-Taylor P, Alberti KGMM. Urinary excretion of
human epidermal growth factor in the various stages of diabetic nephropathy. Clin
Endocrinol (Oxf) 1989; 31: 167-173.

Lev-Ran A, Hwang DL, Miller JD, Josefsberg Z. Excretion of epidermal growth factor
(EGF) in diabetes. Clin Chim Acta 1990; 192: 201-206.

Mattila AL, Pasternack A, Viinikka L, Perheentupa B. Subnormal concentrations of
urinary epidermal growth factor in patients with kidney disease. J Clin Endocrinol Metab
1986; 62: 1180-1183.

Okuda S, Languino LR, Ruoslahti E, Border WA. Elevated expression of transforming
growth factor-B and proteoglycan production in experimental glomerulonephritis.
Possible role in expansion of the mesangial matrix. J Clin Invest 1990; 86: 453-462.
Border WA, Okuda S, Languino LR, Sporn MB, Ruoslahti E. Suppression of
experimental glomerulonephritis by antiserum against transforming growth factor 81.
Nature 1990; 346: 371-374.

Border WA, Noble NA, Yamamoto T, Harper JR, Yamaguchi Y, Pierschbacher MD,
Ruoslahti E. Natural inhibitor of transforming growth factor-f protects against scarring
in experimental kidney disease. Nature 1992; 360: 361-364.

Ziyadeh FN, Snipes ER, Watanabe M, Alvarey RJ, Goldfarb S, Haverty TP. High
glucose induces cell hypertrophy and stimulates collagen gene transcription in proximal
tubule. Am J Physiol 1990; 259: F704-F714.

Nakamura T, Fukui M, Ebihara E, Osada S, Nagaoka I, Tomino Y, Koide H. mRNA
expression of growth factors in glomeruli from diabetic rats. Diabetes 1993; 42: 450-
456.

Ross R. Atherosclerosis: A problem of the biology of artrial wall cells and their
interactions with blood components. Arteriosclerosis 1981; 1: 293-311.



242

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

23. Roles of growth factors in diabetic kidney disease

Ross R, Glomset JA. Atherosclerosis and the arterial smooth muscle cell. Science 1973;
180: 1332-1339.

Assoian RK, Grotendorst GR, Miller DM, et al. Cellular transformtion by coordinated
action of three peptide growth factors from human platelets. Nature 1984; 309: 804-806.
Bar RS, Boes M, Booth BA, Dake BL, Henley S, Hart MN. The effect of platelet-
derived growth factor in cultured microvessel endothelial cells. Endocrinology 1989;
124: 1841-1848.

Silver BJ, Jaffer FE, Abboud HE. Platelet-derived growth factor synthesis in mesangial
cells: Induction by multiple peptide mitogens. Proc Natl Acad Sci USA 1989; 86: 1056-
1060.

Gesualdo L, Pinzani M, Floriano JJ, Hassan MO, Nagy NU, Schena FP, Emancipator
SN, Abboud HE. Platelet-derived growth factor expression in mesangial proliferative
glomerulonephritis. Lab Invest 1991; 65: 160-167.

Iida H, Seifert R, Alpers CE, Gronwald RGK, Phillips PE, Pritzl P, Gordon K, Gown
AM, Ross R, Bowen-Pope DF, Johnson RJ. Platelet-derived growth factor (PDGF) and
PDGF receptor are induced in mesangial proliferative nephritis in the rat. Proc Natl
Acad Sci USA 1991, 88: 6560-6564.

Hruby ZW, Lowry RP. Spontaneous release of tumor necrosis factor-a by isolated renal
glomeruli and cultured glomerular mesangial cells. Clin Immunol Immunopathol 1991;
59: 156-164.

Brennan DC, Yui MA, Wuthrich RP, Kelley VE. Tumor necrosis factor and IL-1 in
New Zealand black/white mice. Enhanced gene expression and acceleration of renal
injury. J Immunol 1989; 143: 3470-3475.

Tipping PG, Leong TW, Holdsworth SR. Tumor necrosis factor production by
glomerular macrophages in anti-glomerular basement membrane glomerulonephritis in
rabbits. Lab Invest 1991; 65: 272-279.

Hasegawa G, Nakano K, Sawada M, Uno K, Shibayama Y, lenaga K, Kondo M.
Possible role of tumor necrosis factor and interleukin-1 in the development of diabetic
nephropathy. Kidney Int 1991; 40: 1007-1012.

Michaelson IC. The mode of development of the retinal vessels and some observations
on its significance in certain retinal diseases. Trans Ophthalmol Soc UK 1948; 137: 68-
74.

D’Amore P, Klagsburn M. Endothelial cell mitogens derived from re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>