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I. INTRODUCTION 

End stage renal failure secondary to diabetes mellitus is 
an increasing health and socioeconomic problem in the United 
States. Twenty five to thirty percent of all patients beginning 
dialysis therapy for end stage renal disease in this country 
have diabetic nephropathy. By the end of this decade, the cost 
of care for the uremic diabetic patient is estimated to approach 
2 billion dollars a year . 

Once diabetic nephropathy becomes manifest, attempts to 
halt the relentless progression of the disease have been 
essentially unsuccessful. It appe~rs that when diabetic 
nephropathy reaches a certain level of severity, the process 
becomes self perpetuating. When this stage is reached, 
improvements in glycemic control have not been demonstrated to 
have any obvious beneficial effect, and only antihypertensive 
treatment seems to retard the progression of the kidney disease. 

Recent reports claim to have identified an earlier stage of 
diabetic nephropathy characterized by a persistent elevation of 
urinary albumin excretion rate in otherwise healthy non 
proteinuric diabetic subjects. The suggestion has been made that 
persistent microalbuminuria is predictive of future development 
of overt diabetic nephropathy. 

In today' s rounds I will address the issue of diabetic 
nephropathy from the different and hopefully more promising 
perspective of early identification and early intervention. 
Microalbuminuria, a whether "predictor of future diabetic 
nephropathy" or rather, just a "marker of incipient 
hypertension", seems amenable to therapeutic interventions that 
can perhaps alter the course of diabetic renal disease. 

II. OV,ERT DIABETIC NEPHROPATHY 

1. The Magnitude of the Problem: 

Diabetic nephropathy is the single most common cause of 
renal failure in the United states accounting for nearly one 
third of all patients enrolled in the medicare end stage renal 
disease program (1). Table 1 summarizes data emanated from the 
Health Care Financing Administration, revealing the magnitude of 
the problem involved in diabetic nephropathy (2). It has been 
estimated that the cost of a kidney transplant for the first 
year is approximately $30,000 for a LRT and $40,000 for a CRT 
( 3) . Providing that the patient has a functioning graft, the 
subsequent annual costs are $5,000 for a LRT, and $7,000 for a 
CRT. The costs of a hemodialysis patient is approximately 



I 
i 
., 
I 
i 
l 

-2-

$25,000 to $30,000 per year. Overall, patients stay on dialysis 
an average of 5 years, but survival in the program for diabetic 
patients is shorter, around 3 years, because of the increased 
cardiovascular morbidity and mortality (4). The socioeconomic 
burden on the national health care costs imposed by the diabetic 
renal disease is so substantial that it has dwarfed the initial 
estimate of $2 billion a year by the end of this decade (5). 

Table 1 (From Ref 2) 

THE COST OF DIABETIC NEPHROPATHY 

HCFA 1986 Data 

• 90,000 dialysis patients in ESRD medicare program 

• 30,000 new patients began dialysis 

• 9,000 patients received kidney transplants 

• 30% of all dialysis patients have diabetic nephropathy 

• If 2% annual increase rate persists, by the next decade, 
diabetic nephropathy will account for 50% of all ESRD 

• Mortality remains high, more than 15,000 patients 
died in 1986 

The Pittsburgh insulin-dependent diabetes mellitus 
morbidity and mortality study analyzed 1,894 patients with 
insulin-dependent diabetes diagnosed between 1950 and 1981 (6). 
Overall, IDDM patients had a sevenfold excess in mortality risk 
compared with the u.s. population of the same age. The average 
age of death in 8 . 7\ of this population was 2 3 years. The 
magnitude of the increased mortality was particularly striking 
among patients 25-40 years of age. More than 2\ of these 
patients died each year, which is nearly a 20 fold greater 
mortality compared with the U.S. population. In this age 
group, (25-40 years), renal disease accounted for more than one 
half of all the deaths (Fig 1). 

Figure 1 (From Ref 6) 
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Diabetic nephropathy is the major cause of death in Type I 
diabetes mellitus. Deckert et al, reported that of patients 
whose illness was diagnosed before the age of thirty-one and 
analyzed after at least 40 years of diabetes, proteinuria was 
present in · 38% and uremia in 22% of the patients ( 7). The 
excess mortality among patients exhibiting persistent 
proteinuria with less than 40 years of diabetes was 3-4 times 
higher than in those patients, who after 40 years of diabetes 
were free of proteinuria. 

Subsequent studies from the Stene Memorial Hospital in 
Denmark indicate that after 40 years of diabetes, only 10% of 
the patients who developed nephropathy were alive, whereas >70% 
of patients who did not develop nephropathy survived. Uremia 
was the cause of death in 66% of the patients with nephropathy. 
The mortality rate was around 49% in patients who had persistent 
proteinuria for seven years (8). More recently, they reported 
the effects of proteinuria on relative mortality in 1,134 Type I 
insulin-dependent diabetic patients diagnosed between 1933 and 
1952 who were followed until 1982 or death (9). Relative 
mortality was defined as the observed number of deaths given the 
age, sex and calendar year in the diabetic population, divided 
by the expected number of deaths given the same variables in the 
non-diabetic population. A steep increase with a maximal 
relative mortality of nearly 100 fold, was found among patients 
with persistent proteinuria in the 30-40 year age range (Fig 2). 
Patients who did not develop proteinuria had a much lower but 
still 2 fold increased relative mortality. Uremia was the main 
cause of death in patients with persistent proteinuria. 
Cardiovascular deaths were also more frequently found in the 
proteinuric patients. 

Figure 2 (From Ref 9) 
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2. The Natural Course of Diabetic Nephropathy: 

Over the years, very important information on the natural 
history of diabetic nephropathy has continued to emerge from the 
series of elegant epidemiological studies carried out at Stene 
Memorial Hospital. These workers have been able to analyze 
nearly 25% of all insulin-dependent diabetic patients diagnosed 
in Denmark between 1923 and 1972. Their initial report was 
based on 1,303 patients diagnosed between 1923 and 1953 who were 
followed until death or for at least 25 years after the onset of 
diabetes ( 8). Persistent proteinuria as defined by a protein 
excretion >0.5 g/24h in at least 4 consecutive 24h samples was 
found in 41% of the patients. Approximately 57% did not develop 
persistent proteinuria during the follow-up period. The 
prevalence of nephropathy relative to duration of diabetes is 
shown in Figure 3. The maximal prevalence of nephropathy in 
relation of diabetes was 21% after 20-25 years of diabetes. It 
declined in patients who had suffered from diabetes for 40 years 
or more. Figure 4 illustrates the original incidence rate of 
proteinuria. The cumulative incidence data from the study 
indicate that approximately . 45% of all insulin-dependent 
diabetics will develop nephropathy after 40 years of the 
disease. 

Figure 3 (Ref 8) 
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Figure 4 (Ref 8) 
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(From Andonon ot aL, Olabatologla, 1e83) 

More recently an extensive re-analysis of the Stene 
population demonstrated · a declining incidence of persistent 
proteinuria in Type I insulin-dependent diabetic patients in 
Denmark ( 10). They reviewed the data on 2, 658 patients who 
represented approximately 30% of all Danish insulin-dependent 

. . 
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diabetic patients subjects diagnosed between 1933 and 1972 and 
followed until January, 1984 or death. When comparing patients 
diagnosed between 1933 and 1944 with those diagnosed between 
1953 and 1962, the incidence of proteinuria decreased by 30\. 
The peak incidence of proteinuria was found to be around 15-17 
years of diabetes duration. This declining incidence resulted 
in a decrease in cumulative incidence of diabetic nephropathy 
after 25 years from 41\ in patients diagnosed between 1933 and 
1942, to 27\ in patients diagnosed between 1953 and 1962 (Fig 
5). The decreasing incidence of proteinuria may account for the 
previously reported decline also in relative mortality in 
Denmark ( 11) . Patients diagnosed of having Type I diabetes 
after 1956 had a 30-40\ lower relative mortal i ty than patients 
diagnosed from 1933 to 1946. 

Figure 5 (Ref 10) 
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Similar data are available from the Joslin Clinic reporting 
on a cohort of 292 insulin-dependent diabetic patients who were 
followed for 20 to 40 years (12 ). Patients diagnosed in the 
1930's had double risk of persistent proteinuria as compared to 
those in whom the diabetes was diagnosed in later decades as 
shown in Figure 6. The cumulative risk of diabetic nephropathy 
in patients with Type I diabetes diagnosed in 1959 and 1979 is 
around half of what is found in those patients with diabetes 
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diagnosed in 1939 (13). Although lower than previously reported, 
the overall cumulative risk of developing diabetic nephropathy 
was 35\ after 40 years of diabetes duration. 

Figure 6 (Ref 13) 
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Once clinical proteinuria develops in diabetic patients 
glomerular function progressively and relentlessly declines . The 
mean duration of diabetes at the onset of proteinuria and the 
subsequent clinical course was reported by the Joslin Clinic 
(14) in a retrospective study that has become classic (Table 2). 
After the onset of proteinuria, the average survival is 10 
years. End stage renal failure develops in approximately 25\ of 
the patients within 6 years, in 50\ within 10 years, and in 75\ 
within 16 years (12). Similar results were found at the Stene 
Hospital in Type I diabetic patients who developed persistent 
proteinuria after an average duration of 17 years of diabetes 
and death ensued 5-7 years thereafter (15). 

Table 2 (Ref 14) THE JOSLIN RETROSPECTIVE STUDY 

Onset of 
Proteinuria 

(n=112) 

Duration of Diabetes (yr) 17.3:!:6 

Serum Creatinine (mg/dl) 1.2:!:0.3 

Renal Failure 
.....----A-----
Early Late 
(n=70) (n=62) 

Death 
(n=61) 

19.4:!:5 21 .6:!:6 22.1:!:6 

2.8:!:0.9 8.5:1:3 12.4:1:6 

(From Kussman et al. JAMA, 1976) 
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From a more positive perspective, these epidemiological data 
indicate that approximately 60-65% of all insulin-dependent 
diabetic patients are spared from developing nephropathy even 
after very long term follow-up periods. Furthermore, the Stene 
and Joslin data show that the risk for overt proteinuria begins 
after a lag period of 5 years, the incidence rate peaks in the 
second decade and declines thereafter, suggesting that this 
complication occurs mainly in a subset of susceptible patients. 
A very attractive, though speculative interpretation of the 
decline in the incidence rate after 20-25 years of diabetes is 
that the pool of genetically susceptible nephropathic patients 
becomes exhausted over time (13). 

The rate of deterioration of glomerular function in diabetic 
nephropathy varies considerably among patients. However, the 
decline is linear over time and is characteristic and fairly 
predictable for the individual patient (16,17). Once the serum 
creatinine concentration rises above 2 mg/dl, the progression to 
renal failure in each individual patient is constant and 
predictable. The relationship between the inverse of the serum 
creatinine concentration and time in m~nths is used to show this 
straight line correlation (Fig 7). 

Fig 7 (Ref 17). 
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Prospective studies in insulin-dependent diabetic patients 
with clinical proteinuria have also shown that the decline in 
GFR has a striking linear relationship with time (18,19). 
Mogensen found that GFR fell at a rate of 0. 9 ml/min/month 
during 34 months of obversation (18). Recently, Viberti et al, 
( 19 ) reported similar linear decline in GFR. In this study 
the rate of fall of the GFR ranged between 0.63 and 2.4 
ml/min/month with a mean of 1. 2 ml/min/month (Fig 8). 
Furthermore, a positive correlation was found between the rate 
of change of GFR and the reciprocal of the serum creatinine 
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level. When the reciprocal of the plasma beta•-microglobulin 
concentration was used there was even a stronger correlation 
with GFR. They showed that the plasma beta • -microglobulin 
concentration rises to levels above the normal as the GFR falls 
below 80 ml/min/1.73m•. This is in clear contrast with the 
plasma creatinine concentration that is still within the normal 
range at a similar level of glomerular filtration (20). 
Although Parving et al, (21) found similar strong correlations 
between the reciprocal of the plasma beta•-microglobulin 
concentration and the rate of decline of GFR, the cutoff point 
when the serum beta•-microglobulin concentration exceeded the 
upper limit of normal was _at a GFR <60 ml/min/1. 7 3m •. 

Figure 8 (Ref 19) 
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Important functional and structural events occur in the 
kidney of diabetic patients during the 1-2 decades that precede 
the onset of overt clinical proteinuria. There is now 
overwhelming evidence of a "silent period" with demonstrable 
pathologic glomerular changes that occur without any clinical 
manifestations. At some point in this "silent period" a stage 
of early diabetic nephropathy may develop. The only measurable 
clinical manifestation of this early diabetic nephropathy is an 
increased urinary albumin excretion rate (22). As clearly 
reviewed by Unger and Foster, the process leading to diabetic 
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nephropathy seems to start with the onset of diabetes ( 23). 
Mogensen's original classification of the different stages of 
diabetic renal disease clearly separated the silent period from 
the microalbuminuric stage . He called the period of increased 
urinary albumin excretion , incipient or early diabetic 
nephropathy ( 24) . Fi gure 9 summarizes the natural history of 
diabetic nephropathy starting from the early structural and 
functional manifestations all the way up to the development of 
proteinuria and end stage renal failure. The role of 
microalbuminuria and its intricate relationship with rising 
blood pressure levels in the prediction of future diabetic 
nephropathy will be discussed below. 

Figure 9 
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III. MICROALBUMINURIA AND EARLY DIABETIC NEPHROPATHY 

1. Predictive Value: 

Keen and Chlouverakis developed the first urinary albumin 
radioimmunoassay (RIA) and conceived the original idea for their 
population-based Bedford study that subclinical elevations of 
urinary albumin excretion in non proteinuric subjects may 
indicate an early stage of diabetic nephropathy (25,26). 

Substantial evidence is available to suggest that a 
persistent elevation of, urinary albumin excretion, without 
clinically overt proteinuria, strongly predicts a later 
progression of diabetic renal disease (27-32). Table 3 
summarizes the long term studies that have examined the 
predictive value of persistent microalbuminuria. Parving et al 
(27), were probably the first to longitudinally attempt to 
identify patients at high risk of developing diabetic 
nephropathy. After a 6 year follow up, 5 of the 8 patients with 
an elevated albumin excretion rate (AER) mean 155 ± 26 mg/24h, 
had subsequently developed persistent overt proteinuria, 
elevated serum creatinine and raised blood pressure. One 
patient developed intermittent proteinuria. In contrast, only 2 
of 15 patients with normal AER developed proteinuria. 

Table 3 

PREDICTIVE VALUE OF MICROALBUMINURIA 

Cutoff 
Type of No. of Follow-up No. Pts at AER Pts. 

Study OM Patients (yr) Follow-up ~g/min Progression 

Parving et al • Age 16-40yr 25 6 23 (92% ) 28 >28. 6/8 (75%) 
1982 • Onset <31yr <28. 2/15 (13%) 

• Duration 10-25yr 

'Iiberti et al • Insulin treated 84 14 63 (75% ) 30 >30. 7/8 (88%) 
1982 • Age <60yr <30 • 2/55 (4%) 

Mogensen and • Onset <20yr 44 10 43 (98%) 15 >15 • 12/14 (86%) 
Christiansen 1984 • Duration 7 -19yr <15. 0/29 (0%) 

Mathiesen et aJ • Age <50yr 71 6 71 (100%) 70 >70. 7/7 (100%) 
198<4 • Onset <35yr <70. 3/64 (5%) 

Viberti et al, ( 28) reported a cohort study of 6 3 insulin 
treated diabetic subjects screened in 1966-67 and reassessed 14 
years later. Persistent dipstick positive proteinuria developed 
in 7 of the 8 patients (88%) with an overnight AER > 30 ~g/min 
and in only 2 of the remaining 55 (4%) patients who had an AER 

' . 
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below that level (Fig 10). Therefore, the risk of the 
microalbuminuric group developing diabetic nephropathy was 24 
times higher than patients without elevated AER's. 

Figure 10 (Ref 28) Oe11d Alb +ve 
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Recently Mogensen and Christensen (29) have shown that 80\ 
of IDDM with AER >15 ~g/min, will develop clinical nephropathy 
over the next 10 years. Of the 14 patients with an initial AER 
at or above 15 ~g/min, 12 had clinically detectable proteinuria 
(>0.5 g/24h) or an AER >150 ~g/min at the subsequent 
examination. Of the 29 patients who initially had an AER lower 
than 15 ~g/min, none had subsequent clinically detectable 
proteinuria, although 4 later developed microalbuminuria (Fig 
11). 
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Patients whose condition progressed to clinically overt 
proteinuria had elevated glomerular filtration rates and higher 
blood pressures at the initial examination. Furthermore, the 
blood pressure showed a clear rise at follow-up in the patients 
who progressed (Fig 12). A predictive index was suggested by 
the authors because all patients fulfilling the criteria of a 
urinary AER at or >15 ~g/min, a GFR >150 ml/min and a diastolic 
blood pressure at or >90 mmHg did progress to overt nephropathy. 

Figure 12 (Ref 51) 
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Mathiesen et al ( 30), from the Steno Memorial Hospital, 
reported findings similar to the above studies, but the levels 
of AER that predicted nephropathy were higher (>70 ~g/min). At 
the start of the study the microalbuminuric patients had higher 
systolic blood pressure than the normoalbuminuric group (Table 
4). At follow-up systolic blood pressure increased in all 
groups of patients whereas diastolic pressures increased only in 
those patients with AER >20 ~g/min and more substantially in 
those microalbuminuric patients with AER >70 ~g/min. 

Table 4 (Ref 30) 

MICROALBUMINURIA AND EARLY DIABETIC NEPHROPATHY 

Urinary albumin Urinary Albumin Excretion Blood Pressure 
(~g/min) (~g/min) (mmHg) 

Start of 6 Years Start of 6 Years 
Study Later Study Later 

" 20 14 ' ' 122/81 131"/82 

21 · 70 26 56 115/70 134"/77 

71-200 91 570" 139'/87 160"/108" 

• p<O.D5 Yl u .. Y<20 lotg/min; 
n p<0.05 from start ol lludy; {From Mathiaaen et al. Dlabatologla 1984) 
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Mogensen (31) has also clearly shown that microalbuminuria 
predicts clinical proteinuria and increased mortality in 
patients with Type II diabetes mellitus. Clinical proteinuria 
developed in 22% of patients with microalbuminuria but in only 
5% of the patients with AER <30 ~g/min (Table 5). The survival 
rate of patients with a long duration of diabetes (>11 years) 
was 4.5% in the group with AER 30-140 ~g/min compared with a 57% 
survival rate in patients with an AER <15 ~g/min and same 
duration of disease. A substantially increased mortality risk 
in non insulin-dependent diabetics with an elevated AER was also 
found by Jarrett et al, ()2) as indicated in Table 5 which also 
summarizes the previous Danish study in Type II diabetes. In 
Jarret's study of 25 survivors, 24 had AER values <10 ~g/min, 
whereas 6 of 17 deceased had an AER >30 ~g/min The mortality 
risk for subjects with an AER >30 ~g/min was 3.3. 

Table 5 

PREDICTIVE VALUE OF MICROALBUMINURIA IN TYPE II OM 

Initial Cutoff 
Type of Age Follow-up No. Pts at AER No. Pts with 

Study OM No. Pts (yr) (yr) Follow-up !'g/min Progression Mortality 

Jarret et al • Tyee II OM 42 52 14 42 (100%) 30 >30. 617 
1984 • Age <60yr <30. 11/35 

Mogensen • Age 50-75yr 232 67 10 232 (100%) 30 >15. 12/14 +148% 
1984 • Onset >45yr <15. 0/29 +37% 

2. Diagnosis of Microalbuminuria: 

Microalbuminuria can be defined as an increased urinary 
albumin excretion above the upper limit of normal but not 
detectable by standard clinical tests. The albumin excretion 
rate (AER) measured by a sensitive RIA in healthy subjects 
varies between 2. 5 to 25 mg/24h with a mean around 9. 5 mg/24h 
(33). By use of timed urine collections, the normal values of 
AER can be more narrowly defined with a mean of 4. 3 ± 1. 3 
~g/min, with a range of 2.3-8.3 ~g/min (34). In normal 
subjects, albumin represents up to 11% of the total urinary 
protein excretion. In patients with increased AER the 
proportion of albumin rises to 22%. Diabetic patients with 
dipstick positive urine have a total urinary protein excretion 
>0.5 g/24h, of which 50% is albumin (35). The glomerular origin 
of the microalbuminuria found in insulin-dependent diabetic 
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patients is supported by the concommitant finding of a normal 
excretion of beta•-microglobulin, a sensitive indicator of 
tubular reabsorptive capacity (36 ). 

Initially there was some confusion regarding the definition 
of microalbuminuria because of the different, arbitrary, cut off 
levels of AER used in the previous studies examining the 
predictive value of microalbuminuria. A consensus has now been 
reached that defines microalbuminuria as present when the 
urinary albumin excretion rate (AER) is greater than 20 ~g/min 
but less or equal to 200 ~g/min (Table 6). The diagnosis of 
early diabetic nephropathy is made when microalbuminuria is 
found in 2 out of 3 urine samples collected within a 6 month 
period (37). 

Table 6 
EARLY DIABETIC NEPHROPATHY 

Albumin Excretion Rates 

• Normoalbuminuria (Dipstick (-)) <20 J.JQ/min {<30 mg/24h) 

• Microalbuminuria (Dipstick (-)) 20-200 J.JQ/min (30-300 mg/24h) 

• Overt Proteinuria (Dipstick (+)) >200 J.JQ/min (>300 mg/24h) 

Diagnosis 

• Persistent Microalbuminuria Levels Found In At Least 2 Out 
of 3 Urine Samples Collected Within 6 Months 

Note that multiple urine collections are required because 
AER can have a daily variation as high as 47% (38). The reasons 
for this high coefficient of variation among multiple samples 
remains largely unknown, but several factors such as incomplete 
urine collections, diet, physical activity and differences in 
metabolic control and blood pressure levels might influence the 
AER. Table 7 lists the causes of transient elevations of 
urinary albumin excretion that need to be considered before 
categorizing a patient as having microalbuminuria . 

Table 7 

TRANSIENT MICROALBUMINURIA 

Causes 

• Poor Glycemic Control 

• Urinary Tract Infection 

• Physical Exercise 

• Essential Hypertension 

• Cardiac Insufficiency 

• Water Loading 
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In regards to transient albuminuria related to poor glycemic 
control, Mogensen found, at the time of diagnosis of diabetes, 
slight elevations of AER that promptly reverted to normal with 
insulin therapy ( 39). Even short periods of poor glycemic 
control would elevate the ii.ER as shown by Parving et al, when 
insulin therapy was deliberately withdrawn in Type I diabetic 
patients (40). However, the prevalence of real and persistent 
microalbuminuria remains to be established. 

Enthusiastic attention was initially given to exercise
induced albuminuria in an attempt to establish a provocative 
test that might identify an earlier stage of diabetic 
nephropathy ( 41-45). Under conventional glycemic control, 
diabetic patients with normal resting AER show marked 
albuminuric response to physical exercise compared to matched 
non-diabetic controls. In most studies patients with 
microalbuminuria responded with an even greater potentiation of 
AER. However, exercise-induced albuminuria may have no 
predictive value and adds no additional information to t hat 
obtained with timed urine collection (under basal conditions) 
that measure AER. 

There is still some controversy regarding the issue of what 
urine collection method is the most practical and reliable to 
diagnose microalbuminuria. A variety of collection techniques 
have been used for the determination of AER. At Guy's Hospital 
in London, they used timed overnight urine collections ( 28) 
whereas the steno group measured 24 hour urine samples ( 30). 
Mogensen in Aarhus used short-term morning samples collected 
hourly (31). As mentioned above, one of the difficulties 
interpreting AER is the wide day to day variation, that can be 
as high as 50\, when 24h urine collections are used (38). Even 
timed overnight urine collections have a 38\ coefficient of 
variation as shown by Cohen et al ( 46) , who studied normal 
subjects and normoalbuminuric and microalbuminuric diabetic 
patients who provided 5 timed overnight urine collection over a 
6 week period (Fig 13). 

Fig 13 (Ref 46) 
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More recently Eshoj et al (47) compared overnight, morning 
and 24 hour urine collections in the assessment of 
microalbuminuria. Fifty four Type I diabetic patients were 
asked to perform a fractionated 24h urine collection at home, 
starting with the morning collection and ending with the 
overnight collection. AER was 25% lower in the overnight urine 
samples compared to the AER in the 24h and in the morning urine . 
Furthermore , both the overnight and morning urine samples had a 
sensitivity of 90% (proportion of true positives correctly 
identified) and a specificity of 88% (proportion of true 
negatives correctly identified) to predict a 24h AER within the 
microalbumi nuric range ( 2.0-200 )Jg/min). The concentration of 
albumin in the early morning sample showed a strong correlation 
with the 24h AER (Fi g 14). Similar results were previously 
reported by Gatling et al (48) who demonstrated that an albumin 
concentration >20 )Jg/ml in an early morning urine sample 
predicts an overnight AER >30 )Jg/min. In 175 patients , the 
sens i tivity of this screening test was 86%, specificity 97%, and 
a predictive value 71\. If an albumin/creatinine ratio is used 
for the morning sample, the sensit i vity improves from 86\ to 
100\ without significantly lowering the predictive value of the 
screening test. A strong correlation between early morning 
albumin concentration was found in this study with the overnight 
AER (Fig 15). 

Figure 14 (Ref 47) 
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To sum up, it appears that early morning albumin 
determinations provide a simple practical and reliable strategy 
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to screen for microalbuminuria. If an elevated albumin 
concentration is detected, the diagnosis of microalbuminuria 
needs to be confirmed with a series of timed overnight urine 
collections, which are more convenient to the patient than the 
24h collections. 

3. The Natural Course of Microalbuminuria: 

The natural history of persistent micoalbuminuria remains 
unknown. The studies discussed above proposing a predictive 
value for microalbuminuria have the limitations that they were 
not originally planned prospectively nor were they conducted 
longitudinally (27-32). All were done retrospectively and their 
results are based on measurements of urinary albumin excretion 
rates performed sometime in the past, in selective groups of 
Type I diabetic patients, and re-examined again several years 
later. 

Several cross-sectional studies have examined the possible 
role of blood pressure and renal hemodynamics as identifiable 
factors in the course of early diabetic nephropathy. Most of 
these studies indicate a strong association between rising blood 
pressure levels and microalbuminuria as a manifestation of renal 
involvement in Type I diabetes (30, 49-51). Mathiesen et al, 
(30) showed that 67 of 227 IDDM subjects (30%) had an elevated 
AER ( >20 lJg/min). The systolic and diastolic blood pressures 
were significantly higher in the microalbuminuric patients 
(Table 8). HbA•C was slightly higher in the microalbuminuric 
patients but showed no correlation with the AER. GFR was higher 
than normal in those patients with early nephropathy though not 
different from that of those with normoalbuminuria. The AER was 
independent of duration of the diabetes. 

Table 8 (Ref 30) 

THE STENO CROSS-SECTIONAL STUDY 

Urinary HbA ,c Systolic BP Diastolic BP GFR 
Albumin 
(JJg/min) (%) (mmHg) (mmHg) (ml/min) 

< 20 8.9 124::!:14 79::!:8 122::!:18 

21- 70 9.3 123::!:12 79::!:10 126::!:22 

71-200 9.7 131::!:11. 85::!:7. 125::!:26 

• • p<O.OS vs <20 I'Q/min (From Mathiesen et al, Dlabetologla, 1984) . 
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As clearly seen in Table 9, diabetic subjects with 
microalbuminuria tend to have significantly higher blood 
pressure levels compared to matched normoalbuminuric patients 
( 49). However, these rising blood pressure levels, although 
elevated, are below the conventionally accepted hypertensive 
level. 

Table 9 (Ref 49) 

RENAL FUNCTION AND BLOOD PRESSURE IN DIABETIC NEPHROPATHY 

Controls Normoalbuminuria Microalbuminuria Proteinuria 

(n•18) (n • 23) (n = 23) (n •10) 

Age (yr) 28.6 27.6 26.9 31.0 

Duration (yr) 15.7 15.3 20.0 

Albumin excretion 4.3 4.8 48.8 2705 
(jjg/min) 

Blood Pressure 115/73 122/80 133/88 167/109 
(mm/Hg) 

Glomerular filtration 123 132 142 89 
rate (ml/min) 

(From Mogensen and Christensen, Hypertension, 1985) 

Furthermore, Figure 16 shows a strong positive correlation 
that can be found when mean arterial blood pressure levels from 
normoalbuminuric, microalbuminuric and proteinuric patients are 
plotted against urinary albumin excretion rates (51). It seems 
as if developing hypertension is in fact a continuum process 
that starts long before, and not as originally thought, at the 
onset of proteinuria. 

Figure 16 (Ref 51) 
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In the only longitudinal study available, Christensen and 
Mogensen (49) followed 10 microalbuminuric patients in an 
uncontrolled longitudinal fashion for 5 years. These patients 
showed an average AER increase of 20%/year. Of note is that the 
increase in AER correlated significantly with the increase in 
diastolic blood pressure (Fig 17). 

Figure 17 (Ref 49) 
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Renal structural-functional abnormalities is the traditional 
and most acceptable view to e xplain the rising blood pressure 
levels seen in diabetic nephropathy . However, of great interest 
are the recent reports proposing an explanation for the 
frequency of hypertension and diabetic nephropathy occuring in 
only one third of all patients with insulin-dependent diabetes. 
The susceptibility to develop diabetic nephropathy may be 
determined by a genetic predisposition to hypertension in this 
subset of patients (52, 53). Krolewski et al, (52), studied 
possible markers for the genetic predisposition to hypertension 
by comparing the frequency of a history of parental hypertension 
and the maximal velocities for sodium transport systems in red 
blood cells. They found that in 33 patients with diabetic 
nephropathy the maximal velocity of lithium-sodium 
countertransport in red cells was significantly higher than in 
56 diabetic control patients without nephropathy. Also in those 
patients with diabetic nephropathy a higher percentage of their 
parents had clinical hypertension than did the parents of 
patients without diabetic nephropathy. The excess risk 
associated with both these indicators of a predisposition to 
hypertension was evident mainly in patients with poor glycemic 
control during the first decade of diabetes. Mangili et al 
(53), confirmed these findings by demonstrating higher rates of 
sodium-lithium contertransport in patients with diabetic 
nephropathy when compared with diabetic patients without renal 
disease and with non-diabetic patients with other types of renal 
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diseases. These hypothesis remain speculative and require 
further confirmation. 

As stated above, the natural history of early diabetic 
nephropathy remains unknown. Only long term carefully designed 
prospective studies may give some answers. In the meantime, 
hypothetical models like the one shown in Figure 18 may be 
considered acceptable. 

Figure 18 (Ref 22) 
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Much controversy exists regarding the mechanisms that affect 
the glomerular filtration barrier in microalbuminuric patients 
with early diabetic nephropathy. The transglomerular passage of 
plasma proteins depends on several factors, including 1) 
structural changes in the glomerular membrane, 2) renal 
hemodynamics such as renal plasma flow and the transcapillary 
hydraulic pressure, and 3) filtration surface area abnormalities 
at the pore-size or pore-charge level. Mechanisms that explain 
the increased albumin clearance across the glomerular filter can 
therefore be found at different sites. 
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4a. Glomerular Structural Changes 

Sophisticated morphometric studies performed on kidney 
biopsies by Oster by's group in Aarhus, showed that GBM and 
mesangial basement membrane-like material are normal at 
diagnosis of Type I diabetes (54). However, within 1. 5-2.5 
years the GBM width increases 10-15%. After 5 years of diabetes, 
the GBM width is 30% greater than it is in controls (Fig 19). 
The same investigators by use of stereological electron
microscopic methods of -renal biopsies from short term IDDM 
patients have demonstrated an increase in glomerular size (55) 
and glomerular filtration surface area (56). 

Figure 19 (Ref 54) 
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GBM thickening and expansion of the glomerular mesangium, 
primarily due to the enlargement of the mesangial matrix, is a 
constant finding in most patients with diabetes. It seems that 
initially the pattern is of a progressive GBM thickening, and 
then most of the basement membrane-like material eventually 
accumulates in the mesangial region. 

The implications of all the observed early, structural, 
renal changes on the development of diabetic kidney disease 
remains to be established. Diabetic nephropathy should be 
regarded as a continuum that evolves from early renal 
hypertrophy through the late changes of advanced structural 
distortion of glomeruli, renal vasculature, and interstitium. 
The end result of the basement membrane and mesangium 
accumulation is glomerular occlusion. This event occurs around 
15 years of diabetes, and it may be related to mesangial 
expansion encroaching on the subendothelial space, eventually 
compromising the glomerular capillary lumen and blood flow (57). 
The number of occluded glomeruli appears to increase as the 
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duration of diabetes increases. In autopsy studies of patients 
with long-standing IDDM, Gunderson and Osterby (58) found a 
relationship between the number of glomeruli with capillary 
occlusions and both, duration of the disease and degree of renal 
failure. 

However, an intriguing dissociation occurs when structural 
and morphological changes in the kidney are related to renal 
function in IDDM patients. Whereas 30-35% of all IDDM patients 
will develop overt clinical diabetic nephropathy, nearly 70% of 
patients will never develop clinical renal disease, despite 
histological evidence of .glomerulosclerosis in nearly all IDDM 
patients after several years of the disease. 

To elucidate the relationship between clinical diabetic 
renal disease and renal pathology, the Steno group studied 
autopsy material from 34 long-term IDDM patients. Half of these 
patients had no clinical evidence of nephropathy, and the other 
17 matched patients had severe clinical nephropathy (59 ,60). 
Patients who had clinical renal disease had significantly more 
interstitial tissue and glomerular mesangium expansion and less 
open glomerular capillaries that the diabetic subjects without 
clinical nephropathy. However, severe glomerulosclerosis was 
also seen in patients without clinical evidence of nephropathy. 
Remarkable mesangial expansion was seen in most of the patients 
with clinical renal disease, but it was also present in several 
diabetic subjects who did not have clinical nephropathy (Fig 
20). The area of open capillaries appeared to be a good light
microscopic indicator of clinical nephropathy. 

Figure 20 (Ref 59) 
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Mauer et al, ( 61), have reported elegant studies of renal 
biopsies from 45 patients with IDDM. These specimens were 
examined by semiquantitative light microscopic and quantitative 
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electron microscopic stereologic morphometry. These patients 
had IDDM for 2 . 5 - 29 years, but only 16 patients had clinical 
evidence of nephropathy. The renal biopsies were performed as 
part of their evaluation as potential pancreas transplant 
recipients. The total mesangium volume had a strong inverse 
correlation with the capillary f i ltration surface area . There 
was no significant relationship between creatinine clearance and 
GBM thickness. The mesangial expansion had a strong inverse 
correlation with creatinine clearance, however. The gradual 
progression of GBM thickening with time can not explain the 
alterations in glomerular permselectivity manifested by 
increased albumin excretion. A gradual increase in albuminuria 
would be expected as GBM thickening increases; however, this 
study indicated that marked GBM thickening is compatible with 
intact permselectivity, and minimal GBM thickening can be 
associated with massive proteinuria (Fig 21). Note, however, 
that this study was not designed to evaluate patients with 
microalbuminuria and early diabetic nephropathy. 
Microalbuminuria levels were found in 6 of 24 patients without 
overt diabetic nephropathy, but the assay of urinary albumin 
used had a low sensitivity, and the number of urine collections 
was not specified . No structural glomerular parameter prec i sely 
predicted AER. However, all patients whose kidneys showed a 
total mesangial volume >37% had >400 mg/24h AER (overt 
proteinuria) and hypert ension (Fig 22). An AER between 40 and 
400 mg/24h was not necessarily associated with more advanced 
glomerular changes. Conversely, patients with severe 
glomerulopathy, regularly seen in patients with clinical 
nephropathy, had normal AER. This meticulous study demonstrates 
that clinical diabetic nephropathy does not become manifest 
until anatomical renal lesions become far advanced. 

Figure 21 (Ref 61) 
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Fi.gure 22 (Ref 61) 
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Recently Mauer and co-workers (62) extended their 
observations on glomerular and mesangial volume to specifically 
assess capillary filtration surface in 37 Type I diabetic 
patients with a broad spectrum of renal function after 5 to 33 
years of diabetes. Glomerular filtration surface was greater 
and mesangial volume smaller in normotensive than hypertensive 
subjects (Fig 23). Patients with urinary albumin excretion >250 
mg/24h (proteinuric range) had restricted filtration surface and 
expanded mesangial volume as compared with patients with urinary 
albumin <250 mg/24h (Fig 24). Of note is that no structural 
differences were noted between the microalbuminuric and 
normoalbuminuric patients . (Fig 24). 

Figure 23 (Ref 62) 
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Figure 24 (Ref 62) 
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The enigma on the structural substrate in microalbuminuria 
could not be clarified by a recent report on 35 Type I 
normotensive diabetic patients with normal creatinine clearances 
(63). Morphometric analysis of renal biopsies comparing 
normoalbuminuric (n=23) and microalbuminuric patients (n=l2) 
revealed no differences in mean glomerular volume, average 
mesangial volume per glomerulus, average surface area and GBM 
thickness. None of these structural parameters correlated with 
AER. It was concluded that microalbuminuria was not associated 
with more severe glomerular pathology nor did normoalbuminuria 
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excluded the presence of significant glomerular lesions. This 
is in contrast with a previous report from Osterby et al (64), 
who found that patient s with early diabetic nephropathy, defined 
as a AER between 20 and 600 IJg/ml and a GFR >100 ml/min, 
appeared to have more advanced renal structural changes than 
patients without this condition. They also had less glomerular 
destruction than patients with advanced diabetic nephropathy. 

In summary, it appears that morphological changes themselves 
cannot be the chief cause of the increased AER seen in early 
diabetic nephropathy. Kidney biopsy is not a routine procedur e 
to be used in patients with diabetic nephropathy. However, 
longitudinal structure-function studies can be considered as a 
·research tool to ascertai n prospectively the course of the 
diabetic kidney disease and to assess the impact of different 
therapeutic modalities . The rationale from the Minnesota group 
is as follows: "There is no other progressive, primarily 
glomerular disorder with such a high risk of renal failure in 
which there is such a reluctance to perform renal _biopsies as in 
patients with IDDM. If the onset of clinical nephropathy 
represents the beginning of the end of useful function of the 
kidneys, it may only make sense to perform renal biops i es before 
renal disease is clinically detectable" (65). 

4b. Glomerular Hyperfiltration 

Elevated GFR in IDDM patients at different stages of their 
disease have been reported in several studies (66-69 ) . GFR is 
increased by 40% in newly diagnosed patients and by 25% in young 
short term IDDM patients with <15 years of the disease (68). 
This increase in GFR, characteristic of perhaps 25-30% of all 
IDDM (Fig 25) patients, persists for many years (69 ) . In 
patients who apparently escape overt clinical nephropathy, it is 
probably unremitting (70). 

Figure 25 (Ref 69) 
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The mechanisms for this hyperfiltration are not entirely 
clear. The elevated GFR associated with poor metabolic control 
can be reduced substantially with effective insulin treatment, 
as initially shown by Mogensen et al (71). Furthermore, even 3 
days of insulin treatment will reduce the GFR from 160 ± 9 to 
141 ± 6 ml/min/1.73m' in newly diagnosed IDDM. After 8 days of 
treatment, a 17% reduction in .GFR is seen (72). It appears that 
GFR is somehow related to the degree of glycemic control ( 7 3) . 
Studies performed in normal subjects and short term IDDM 
patients have revealed that oral glucose loading does not cause 
an increase in GFR (74), whereas intravenous glucose 
administration induces a significant 5% elevation in GFR (75) . 

Insulin per se does not seem to induce alteration in GFR, as 
shown by studies that use insulin and glucose infusions that 
maintain the blood glucose levels constant ( 76,77). Glucagon 
infusions administered to normal subjects and IDDM patients in 
doses low enough to achieve plasma concentrations similar to 
those observed in poorly controlled diabetes, have been shown to 
induce significant elevations in GFR (78,79). The magnitude of 
the increase in GFR was 6% and probably was not due to glycemic 
changes. Glucagon, however, may be only one of several factors 
affecting glomerular hemodynamics because well controlled IDDM 
patients with normoglucagonemia still have high GFR's (79). The 
influence of human growth hormone (HGH) has also been studied as 
uncontrolled diabetes is associated with high HGH levels (80), 
and acromegalic patients also have an elevated GFR (81). Daily 
subcutaneous administration of 6 IU of HGH for a week increased 
the GFR by 9% in normal subjects (82) and by 7% in IDDM patients 
( 83). 

The acute changes seen in GFR after increments in plasma 
concentrations of glucose, glucagon, and HGH to levels similar 
to those seen in IDDM were 5%, 6%, and 7%, respectively. Unless 
an additive effect is postulated, these changes cannot fully 
explain the hyperfiltration state seen in IDDM (84). 

The main mechanism involved in the high GFR in IDDM may be 
related to the structural changes seen very early in the course 
of the disease (85). Increased kidney size and GFR are 
positively correlated and the glomerular volume and glomerular 
capillary surface show marked enlargements very early (55, 56). 
Opponents (84) of the above morphological hypothesis argue that 
the rapid fall in GFR obtained with insulin therapy (72) cannot 
be explained by changes in the enlarged glomerular size and 
filtration surface area, because these abnormalities remain 
unchanged after >1 month of insulin treatment (56). 

Experimental evidence suggests that hemodynamic factors play 
a major role and can influence the rate of progression of the 
diabetic nephropathy lesions ( 86). Unilateral nephrectomy in 
streptozocin induced diabetic rats clearly accelerates the 
progression of mesangial expansion, with lesions developing more 
rapidly and severely than in intact diabetic animals (87). 
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Similar findings are obtained with uninephrectomy in the 
diabetic dog model ( 88) . By use of the classic two-kidney 
Goldblatt model, both streptozotocin diabetic rats and normal 
animals became hypertensive ( 89). The unclipped kidneys that 
were exposed to the elevated systemic arterial pressure showed 
more severe glomerular lesions that kidneys from normotensive 
diabetic rats. Moreover, the clipped kidneys (i.e., kidneys 
protected from the hypertension) in the diabetic rats tended to 
show a lesser degree of glomerulopathy than the normotensive 
rats. In one of the most widely quoted case reports in medical 
literature, Berkman and Rifkin (90) described autopsy findings 
in a patient with long standing diabetes and unilateral renal 
artery stenosis. Classic diabetic lesions were confined to the 
kidney on the side of the normal renal artery. The 
contralateral kidney that was protected by the stenotic renal 
artery showed only mild ischemic changes and no pathological 
changes of diabetes. 

These observations and the experimental evidence generated 
from the "remnant kidney" and "high protein" models have lead 
Brenner and co-workers (86,91-93) to propose that the renal 
hemodynamic alterations manifested as glomerular hyperfiltration 
initiate and determine the progress of diabetic nephropathy (Fig 
26). 

Figure 26 (Ref 93) 
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The "remnant kidney" model, which can only be reproduced in 
rats, is produced by surgical ablation and infarction of 
approximately 90% of the renal mass of Munich-Wistar rats (91). 
Compensatory hemodynamic mechanisms to the reduced number of 
nephrons result in the establishment of hyperfiltration and 
hyperperfusion in the remnant kidney that leads to pathologic 
changes similar to those seen in diabetic nephropathy. An 
increase in the single nephron glomerular flow and 
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transcapillary hydraulic pressure in the nephrons of the 
remaining kidney may cause changes in the permselective 
properties of the glomeruli. This then results in albuminuria 
( 92). More recently zatz et al ( 94), extended these 
observations using a "high protein" model. They attempted to 
dissociate the effects of glomerular hyperperfusion from chronic 
hyperglycemia . In order . to manipulate glomerular hemodynamics, 
3 groups of streptozotocin diabetic rats with similar 
hyperglycemic control and 3 groups of normal rats were given 
diets containing 6\, 12\ and 50\ protein. Diabetic rats on 50\ 
protein diet (D50) had higher single nephron glomerular 
filtration rate and higher mean glomerular transcapillary 
hydraulic pressure than in all other groups. This D50 had 
marked and progress i ve albuminuria (Fig 27) and histologically 
had areas of sclerosis in nearly 20% of glomeruli in contrast to 
<2. 5\ frequency of such lesions in the rest of the groups. 
Brenner's and co-workers concluded that moderate hyperglycemia 
in rats does not lead to glomerulopathy as long as glomerular 
hyperperfusion is prevented. An objection to this study is that 
histologic examination was very rudimentary, and no morphometric 
analysis of glomerular structures was performed in all groups. 
Furthermore , if indeed glomerular hyperperfusion is so relevant, 
then normal rats on 50\ protein diet should have been more 
affected. 

Figure 27 (Ref 94) 
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A reasonable suggestion that may reconcile the role of 
glomerular hemodynamic wi th the glomerular structural changes is 
that hyperperfusion becomes critical when the capillary luminal 
space and the peripheral capillary filtering surface of the 
glomeruli are diminished as a consequence of marked mesangial 
expansion (95). This hypothesis implies that glomerular 
hyperfiltration develops in patients with established glomerular 
lesions and that the compensatory· hemodynamic changes will 
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accelerate the progress of diabetic nephropathy. However, as 
discussed above it is puzzling that almost all IDDM patients 
have increased GBM thickness with mesangial expansion (60,61) 
after several years of disease, but still only 30-35% go on to 
develop clinical diabetic nephropathy ( 10,12). In addition, 
elevated GFR does not occur in all IDDM and can be unremitting 
after long diabetes duration. Furthermore, the removal of a 
single kidney in normal rats produce hemodynamic changes 
identical to those seen in experimental diabetes in the intact 
rat. Yet, despite those similar hemodynamic changes, these non
diabetic animals fail to develop lesions similar to diabetic 
nephropathy even after prolonged observation (87). 

In summary, it appears that in the absence of diabetes, 
clinically important glomerulopathy does not develop. 
Compensatory hemodynamic changes might contribute substantially 
to the progression of diabetic nephropathy, but sufficient 
evidence is not available to implicate this as the primary 
initiating pathogenic mechanism. 

4c. Abnormalties in Glomerular Filtration Barrier 

It has been postulated that the primary event responsible 
for albuminuria is a qualitative change affecting the 
permselective properties of the glomerular barrier and that this 
change is independent of basement membrane thickening, mesangial 
expansion, and glomerular hyperfiltration (96). 

The glomerular capillary filter can be regarded functionally 
as a membrane with pores of an average size of 55 A that is 
uniformly coated by negative electrical charges ( 97-99). The 
glomerular barrier has properties of size selectivity and charge 
selectivity in relation to the transcapillary passage of plasma 
proteins ( 98). The pore-size selectivity of the glomerular 
barrier appears to be intact in diabetic patients with 
microalbuminuria as shown by studies that use the clearance of 
uncharged neutral dextran of several molecular weights ( 100). 
Normal dextran clearances are also found in experimental 
diabetes of rats (101). Patients with advanced diabetic 
nephropathy and marked proteinuria have clear evidence of 
increased glomerular porosity size, however (102). 

The glomerular charge-selective property is conferred by 
fixed negative charges on the basement membrane that generate 
electrostatic interactions with the plasma proteins (98). 
Negatively charged proteins like albumin are filtered in smaller 
amounts than neutral molecules of a comparable size, whereas 
filtration of positively charged molecules is facilitated as 
shown in Figure 28 (103). 

,, 



' 
.j 
! 

-30-

Figure 28 (Ref 103) 
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The anionic net charge of the glomerular barrier is 
primarily determined by glycosaminoglycans rich in heparan 
sulfate (104,105). The congenital nephrotic syndrome may result 
from failure to develop the sulfate-rich anionic sites in the 
lamina rara externa of the GBM as shown by quantitative 
cytochemical methods from kidney biopsies examined by electron 
microscopy ( 106). Removal of the hepar an sulfate and other 
glycosaminoglycans by perfusion of rat kidneys with heparinase, 
greatly increases the passage of the native anionic ferritin 
across the GBM (107). Similar results are found in the 
heparinase-perfused kidney by use of 125 I-labeled albumin as a 
marker (108). Neutralization of heparan sulfate by infusion of 
the polycation protamine sulfate clearly increases AER ( 109) . 
Both systemic and unilateral kidney perfusions in rats with 
protamine sulfate reduce the glomerular staining for polyanions 
and markedly increase albumin excretion. Similar results are 
found with polyethyleneimine as the polycation and with native 
or cationic ferritins as glomerular permeability markers (110). 

Experimental evidence strongly suggests that the diabetic 
state influences the synthesis of glycosaminoglycans rich in 
heparan sulfate ( 111-113). A decreased de novo synthesis of 
sulfate proteoglycans was demonstrated by a 30-40% less in vitro 
( • •s) sulfate incorporation into glomerular extracellular 
matrices of diabetic rats compared with normal rats (112). In 
vivo studies with the injection of ('"S) sulfate into normal and 
streptozocin diabetic rats showed a diminished sulfation and/or 
production but a normal turnover of glycosaminoglycans in the 
GBM in experimenta.l diabetes ( 113). 

In early diabetic nephropathy with AERs >30 lJg/min, the 
clearance of albumin is greater than the IgG clearance ( 114). 
Because albumin is highly anionic (pi 4.8, stokes radius 36 A) 
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and IgG is a larger but essentially neutral molecule (pi 7. 6, 
stokes radius 55 A), these findings suggest a defect in the 
charge-selectivity properties of the glomerular filter in 
patients with microalbuminuria. Sialic acid appears to 
contribute <5% of the total anionic content in GBM ( 115). 
Nevertheless decreased concentrations of sialic acid in GBM have 
been found in diabetic patients ( 116) . More importantly, the 
glycosaminoglycan component of GBMs from human diabetic kidneys 
has been found to be significantly decreased compared with non
diabetic control subjects (117). This observation has recently 
been confirmed using precise quantitation by immunochemical 
procedures that indicate that human diabetic glomerular basement 
membrane contained significantly lower amounts of heparan 
sulfate proteoglycan (by 30%) and laminin (by 60%) as compared 
with that from non-diabetic individuals (118) (Fig 29). 

Figure 29 (Ref 118) 
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Therefore, the hypothesis proposed by Deckert and colleagues 
( 96) to explain the onset and progression of early diabetic 
nephropathy seems very attractive. Increased albumin excretion 
is probably associated with a depletion of heparan-sulfate 
concentrations. This depletion of heparan sulfate compromises 
the anionic barrier to albumin. The quality of glycemic control 
as well as genetic differences might influence the rate of 
synthesis and turnover of glomerular sulfated proteoglycans. 
This may explain differences commonly found in prevalence and 
severity of diabetic nephropathy. Mesangial expansion with 
accumulation of albumin and macromolecules is probably due to 
both, an impaired capacity to clear macromolecules (119) and a 
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stimulated mesangium matrix production. These changes will 
eventually restrict glomerular capillary filtration and other 
glomerular hemodynamics. 

Figure 30 summarizes the potential pathogenic mechanism that 
may result in microalbuminuria. 

Figure 30 
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IV. THERAPEUTIC INTERVENTIONS ON MICROALBUMINURIA 

If microalbuminuria is indeed a predictor for the 
development of late diabetic renal disease, then various 
therapeutic interventions can be evaluated at an early stage of 
the kidney disease, in an attempt to interfere with the natural 
course of the disease. 
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1. Early Antihypertensive Treatment: 

Experimental and clinical evidence, as discussed above, 
strongly suggests that arterial hypertension accelerates the 
glomerular lesions of diabetic nephropathy (87-90). Moreover, 
mesangial expansion to an extent >37% of the glomerular volume 
is strongly predictive of hypertension (61). 

Increased arterial blood pressure is an early feature of 
overt diabetic nephropathy, as shown by Parving et al ( 120). 
They found a higher mean blood pressure level (146/96 mmHg) in 
IDDM patients with persistent proteinuria and normal serum 
creatinine than in patients without proteinuria ( 123/75 mmHg). 
A diastolic blood pressure >95 mmHg was found in 51% of the 
proteinuric patients. A prospective study of 14 IDDM patients 
with persistent proteinuria but normal GFR and conventionally 
normal blood pressure levels showed clear worsening of all the 
parameters after 26 months of observation (121). GFR decreased 
from 107 to 87 ml/min/173m

2
; proteinuria increased from 1.8 to 

3.3 g/day; and blood pressure rose from 132/88 to 153/101 mmHg. 

Effective antihypertensive therapy has proven to have a 
clear beneficial effect on slowing the progression rate of 
diabetic nephropathy (122-124). A summary of the data from the 
three available studies in overt diabetic nephropathy is shown 
in Table 10. These studies found approximately a 60% reduction 
in the decline of GFR and a substantial decrease in proteinuria 
after antihypertensive therapy. 

Table 10 

RENAL FUNCTION DECLINE IN DIABETIC NEPHROPATHY 
Effect of Antihypertensive Therapy 

Duration GFA 
Age OM Observation Pre-Ax BP 

Study t¥Pts (yr) (yr) (mo) (mil min) (mmHg) 

Pre-Ax 28 162/103 (123) 
Mogensen 

1982 6 30 18 86 
On Ax 73 144/95 ( 111) 

Pre-Ax 29 144/99 (113) 
Parvlng et al 

1983 10 29 16 80 
On Ax 39 128/84 (99) 

Pre-Ax 
Bjorck et al 

32 163/97 (119) 

1986 14 34 22 
On Ax 24 155/94 (114) 

Decrease In 
GFA 

(ml/mln/mo) 

1.23 

0.49 

0.91 

0.39 

0.86 

0.46 
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Recently Parving et al ( 125) confirmed and extended their 
previous observations by demonstrating that the beneficial 
effect of antihypertensive treatment on the course of diabetic 
nephropathy was maintained over a 72 month follow up period. 
The average blood pressure fell from 143/96 mmHg to 129/89 mmHg 
and albuminuria decreased from 1038 ~g/min to 504 ~g/min. The 
rate of decline in the GFR decreased from 0. 89 ml/min/month 
before treatment to 0.2 2 ml/min/month during treatment (Fig 31). 
A prognostic estimate from the slope of the decline in the GFR 
indicates that the median period from the start of 
antihypertensive therapy to ESRD (GFR <5 cc/min/1.73m 2

) could be 
predicted to be extended . from 7 years without treatment to 21 
years wi th treatment. 

Figure 31 (Ref 125) 
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Considerable attention has been given to the role of 
angiotensin converting enzyme inhibitors in the management of 
hypertension in diabetic nephropathy. Bjorck et al (124), found 
that in hypertensive patients with diabetic nephropathy, adding 
captopril to conventional antihypertensive therapy resulted in a 
mean blood pressure fall of only 5 mmHg, but the deterioration 
in GFR, substantially decreased from 10.3 to 2. 4 ml/min/year 
over a 2 year period. Hommel et al , studied the effects of 12 
weeks single therapy with captopril in 16 hypertensive 
proteinuric Type I diabet i c patients ( 126). Arterial blood 
pressure fell from 147 / 94 to 135/86 mmHg, albuminuria fell from 
1589 to 1075 ~g/min and GFR from 99 to 93 ml/min/1. 73m•. The 
suggestion was made that ACE inhibitors may reduce albuminuria 
probably by lowering glomerular hypertension. These agents 
reduce efferent arteriolar resistance which is specifically 
increased by the vasoconstrict i ve action of angiotens i on II 
(127). 
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Support for the role of ACE inhibitors comes from the 
experimental evidence in rats subject to 5/6 renal ablation 
treated with enalapril vs "standard triple antihypertensive 
therapy" (128). Despite similar systemic blood pressure 
lowering effect, only enalapril significantly reduced the mean 
glomerular transcapillary hydraulic pressure resulting in 
greater protection against development of proteinuria and 
glomerular lesions. Similar protection have been shown by Zatz 
et al ( 129) using streptozotocin diabetic rats treated with 
enalapril. 

Slightly but significantly elevated blood pressure levels 
have consistently been reported in cross-sectional studies in 
microalbuminuric patients with early diabetic nephropathy {Table 
11) (30,50,51). Rising blood pressure levels, still within the 
conventional normal range, seem to occur as a continuum process 
in the transition from normoalbuminuria to microalbuminuria 
until finally overt hypertension and proteinuria develops. 

Table 11 

BLOOD PRESSURE LEVEL AND MICROALBUMINURIA 
Cross-Sectional Studies 

Culoff Normal 
AER 

Sludy No. Pallenls ~glmln Normoalbuminuria Microalbumlnurla 

Malhlesen el al, 227 70 124~14 I 79~8 131~11 I 85~7 
1984 

Wiseman el al, 28 30 119~9 I 78~8 135~18 I 86~9 
1984 

Christiansen & 46 15 122~6 I 60~7 133~13 I 88~9 
Mogensen 

1985 

Indeed, we have also observed in the Dallas Prospective 
Diabetes Trial (130 ), designed to assess the effect of glycemic 
control on the progression of microvascular complications, that 
microalbuminuric patients show a trend to rising blood pressure 
levels irrespective of glycemic control (Fig 32). 

Figure 32 (Ref 130) 
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The reason for this mild elevation in blood pressure levels 
associated with microalbuminuria is unclear. Microalbuminuria 
may indicate renal dysfunction and mesangial expansion of 
sufficient magnitude to raise the blood pressure. 
Alternatively, the conventionally accepted normal blood pressure 
levels may already be too high for a diabetic subject and may 
account for the incr·eased albumin excretion. Indeed, 
hypertension by itself can cause increased urinary albumin 
excretion (131) and antihypertensive therapy has been shown to 
reduce AER in essential hypertension (132). 

Of interest is the study by Christiansen and Mogensen (133) 
that demonstrates the effect of early antihypertensive therapy 
in six microalbuminuric diabetic patients with minimally 
elevated blood pressure levels. Treatment with 100 rng 
metoprolol twice daily for a mean of 2. 6 years reduced blood 
pressure from 135/93 to 124/84 mmHg and the mean blood pressure 
from 107 to 97 mmHg. AER decreased from 131 ±2 to 56 ±3 ~g/min. 
GFR was elevated and remained so despite treatment (Table 12.) 

Table 12 (Ref 133) 

EARLY ANTIHYPERTENSIVE Rx IN MICROALBUMINURIA 

Before Ax After Rx 

Observation Period (yr) 2.6 2.6 

Albumin Excretion (J.lg/min) 131:!:3 56:!:4 

Blood Pressure (mmHg) 135+9/93:!:9 124:!:6/84:!:3 

GFR (ml/min) 149:!:6 144:!:11 

(From ·Mogensen and Christensen, Hypertension, 1985) 

Recently Marre et al (134) reported a 6 month double blind 
placebo controlled study of enalapril vs placebo in 20 
normotensive diabetic patients with rnicroalbuminuria. Treatment 
with enalapril decreased the mean blood pressure from 100 to 90 
mmHg, whereas no changes were seen in the placebo group. The 
median AER fell in the enalapril group from 124 mg/24h to 37 
mg/24h in contrast to the placebo group showing an increase from 
81 mg/24h to 183 mg/24h (Fig 33). 
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It is therefore tempting to speculate that the initiation of 
antihypertensive treatment at an early stage of kidney disease 
indicated by rising blood pressure levels and microalbuminuria 
may prove to have a more effective long term beneficial impact 
on the progression of diabetic nephropathy than when treatment 
is started at the overt stage of diabetic nephropathy. 

The 1984 report of the "Joint National Committee on 
Detection, Evaluation, and Treatment of High Blood Pressure" 
(135) defines the diagnosis of hypertension in adults as 
confirmed when the average of two or more diastolic blood 
pressures on at least two subsequent visits is ~90 mmHg or when 
the average of multiple systolic blood pressures on two or more 
subsequent visits is consistently ~140 mmHg. It is also stated: 
"The benefits of drug therapy seem to outweigh any known risks 
from such therapy for those with a diastolic blood pressure 
persistently elevated above 95 mmHg and for those with a lesser 
elevation who are at high risk, i.e., patients with target organ 
damage, diabetes mellitus, or other major risk factors for 
coronary heart disease". More recently, the "Working Group on 
Hypertension in Diabetes" recommended the following: 
"Considering the additive impact on vascular disease of 
hypertension occurring in patients with diabetes mellitus, 
patients with a blood pressure of 140/90 mmHg or greater, should 
be considered for pharmacologic treatment of mild hypertension 
if a 3 month trial period of non-pharmacologic treatment of mild 
hypertention is not effective in lowering high blood pressure 
( 136) . Pharmacological management of hypertension in diabetic 
subjects is different in terms of drug therapy choices, side 
effects and sequence of antihypertensive therapy and special 
issues need to be considered (137). 
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It remains an open question whether conventional levels of 
hypertension are set too high for potentially reversible 
diabetic nephropathy and what lower level of blood pressure 
should be chosen to initiate antihypertensive treatment in 
patients with diabetes. The presence of diabetes mellitus and 
the coexistence of microalbuminuria as a marker of initial and 
progressive target organ damage may justify an aggressive 
approach to treat blood pressure, perhaps in the level of 
~135/85, in an attempt to stop or retard the progression of the 
renal disease. Well-designed controlled studies are needed to 
show whether this aggressive antihypertensive approach has any 
impact on the course of .diabetic nephropathy and also on the 
morbidity and mortality associated with other cardiovascular 
conditions. 

2. Improved Glycemic Control 

Experimental evidence strongly suggest that an abnormal 
metabolic environment plays a major role in the genesis of 
diabetic nephropathy. Studies by the Minnesota groups have 
become classic in support of the effect of glycemic control on 
diabetic renal lesions . Diabetic glomerulopathy develops in 
normal kidneys when they are transplanted into diabetic rats 
( 138). Islet cell transplantation in highly inbred diabetic 
Lewis rats results in marked reduction of immunofluorenscence 
staining and mesangial volume (139,140). Note the finding that 
the increased AER seen in intact and uninephrectomized diabetic 
rats is completely reverted by islet cell transplantation (141) 
(Fig 34). Similarly, institution of meticulous glycemic control 
with insulin on streptozocin diabetic rats early in the course 
of the disease, prevents the development of diabetic glomerular 
lesions (142-144) and also prevents the increase in AER (145). 

Figure 34 (Ref 141) 
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Furthermore, normal kidneys transplanted into human diabetic 
recipients develop hyaline arteriolar lesions in all renal 
biopsies in <4 years (146). Mesangial expansion was also noted 
in several cases. The report of the transplantation of kidneys 
with clinical diabetic nephropathy into non diabetic recipients 
caused much controversy. Renal biopsies taken 7 months after 
the transplants showed that the mesangial expansion and GBM 
thickness were almost completely reversed (147). 

Long term improvement in diabetes control with CSII in six 
patients with overt diabetic nephropathy proved to be of little 
value in slowing either the rate of decline in GFR or the plasma 
creatinine rise seen during the 24 month of intensive therapy 
(148). The degree of glycemic control achieved might not have 
been close enough to normal to show an effect; however , near
normoglycemia is very difficult to achieve in patients · with 
diabetic nephropathy (149). Even in the stage of intermittent 
proteinuri a with normal GFR, and normal serum creatinine, near
normoglycemia failed to prevent the decline in GFR or to reduce 
albumin excretion (150). The main issue appears to be that it 
is probably too late to attempt to achieve near-normoglycemia 
when the diabetic nephropathy is clinically established. 
Advanced renal lesions are already present, and the process may 
have become self-perpetuating. 

Glycemic control, as assessed by glycosylated hemoglobin 
levels, correlates with the AER in early diabetic nephropathy 
(73). Initial reports seemed to indicate that short and 
relatively long term near-normoglycemic control achieved with 
CSII was an effective strategy to reduce and sometimes reverse 
microalbuminuria (151-154). However subsequent studies 
demonstrated that the impact of near-normoglycemia is at best 
manifested by slowing down the progression of microalbuminuria 
(130,155,156). It now appears that once persistent 
microalbuminuria develops, improved glycemic control can not 
reverse it. 

The Kroc multicenter study initially found a beneficial 
effect on near-normoglycemia on microalbuminuria (154). 
Complete 24h urine collection were obtained throughtout the 8 
month study in 59 of the 68 IDDM patients . At baseline, the AER 
was normal (<12 )Jg/min) in 39 patients, 20 receiving 
conventional insulin treatment and 18 on CSII , and above· normal 
in the other 20 patients (10 patients in each group). In the 
patients with normoalbuminuria, AER was relatively constant 
regardless of the type of treatment. However, patients on CSII 
with an elevated AER had a progressive decline in albumin 
excretion from 48 ± S)Jg/min at 8 months. In contrast, the 
elevated AER in the conventional treatment group remained 
unchanged (Fig 35). The main objection to this study is that 
baseline urinary albumin consisted of only a single sample that 
could have reflected the poor glycemic control before the CSII 
treatment. Several urine samples are usually required to define 
per sistent microalbuminuria characteristic of early diabetic 
nephropathy. 



-40-

Figure 35 (Ref 154) 
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The Steno Memorial Hospital also reported the effect of 6 
months of strict metabolic control on kidney function in 32 IDDM 
patients randomized either to unchanged conventional treatment 
(UCT) or to CSII (152). HbA•C was unchanged in the UCT, around 
8%, but fell significantly to 6. 7% in the CSII treated group. 
AER fell by 12% with CSII and rose by 56% with UCT. 
Subsequently, the same study group reported results of the 2 
year follow-up study on the effect of near-normoglycemia on 
kidney function (153). AER remained unchanged during CSII in 12 
of 13 patients with initial AERs :::;70 Jlg/min. Only 1 of the 3 
microalbuminuric patients (>70 Jlg/min) in the CS I I group 
progressed to overt protei nuria, whereas all 5 microalbuminuric 
patients in the UCT group progressed to persistent proteinuria. 
Subsequently the Danish extended their observations in a careful 
study specifically designed to assess the impact of strict 
glycemic control on kidney function in IDDM patients with 
persistent microalbuminuria ( 155). Patients selected for the 
study had two of 3 24h dipstick-negative urine collection with 
an AER between 30 and 300 mg/24h (20-200 Jlg/min). Thirty six 
patients were matched in pairs according to the level of AER, 
sex, and HbA •C before random assignment to either UCT or CSII. 
Despite a significant reduction in HbA•C (from 9.5 to 7.3%) in 
the CSII group, their first report after 1 year of follow up, 
showed that the AER remained constant in both groups (Fig 36), 
GFR was unchanged , and kidney size was significantly reduced in 
the CSII group. 
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Figure 36 (Ref 155) 
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These later changes in GFR and kidney size were in direct 
opposition with the report by Wiseman et al (157), who showed 
that prolonged ( 1 year) correction of hyperglycemia with CSII 
can reduce the GFR in IDDM patients with persistent glomerular 
hyperfiltration. In the Wiseman study the GFR was reduced well 
into the normal range in most cases. A return to conventional 
insulin treatment in the pump group resulted in both metabolic 
deterioration and a significant rise in the mean GFR toward 
baseline values. No change in kidney volume was noted, and the 
AER was normal in all the patients on CSII, whereas on the 
conventional group, 3 patients had elevated AER. No significant 
changes in AER was detected in either group during the study. 

In terms of developing diabetic kidney disease, more 
prolonged observation will be required to properly assess 
whether near-normoglycemia can prevent further progression of 
diabetic nephropathy. Hopefully after several years the two 
therapeutic groups will separate, assuming that the AER 
continues to rise in the UCT group and at least remains stable 
in the CSII group. However, it was most surprising that it only 
required an additional year of observation for the Stene study 
to show, what they interpreted as a beneficial effect of near
normoglycemia on the annual increase in AER. In their second 
report after 2 years of follow up, clinical diabetic nephropathy 
(urinary albumin excretion rate >300 mg/24h) developed in 5 
patients in the conventionally treated group but in none of the 
CSII group (156). The fractional albumin clearence increased in 
the conventional treatment group and remained unchanged in the 
CSII group (Table 13). 
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Table 13 (Ref 156) 

- EFFECT OF CONTINllOUS SUUCUTAN EllUS INS ULIN 

INFUSION (CSII) OR UNCIIANC;EI) CONVENT JUN AL INSULI N 

T REATMENT (UCIT ) ON DLllO L> G I.UCOSE LEVELS AN L> FRACTIONAL 

ALBUM IN CLEARANCE 

l\\c3n (SEM) blood l'vtcdian (r;lll J.!C ) fractitlnal 
~lm:osc (mmul/1)• ;1lhunun clc:mnn.:c )( IO' t 

Trcalmcm 
group Omo 12mn 2·1mo Omo 12 rno 24 mo 

CS I! (n~ I!IJ 10·0 . 7 ·0 6·5 170 )90 160 
(20) ( 1\l) t (0 ·7)1 (J I-<>08) (24-75)) (26-460) 

UCJT (n~l 8) 11 ·3 ' 10 ·2 10·5 160 2 10 360 
(2·0) (2·0) (1·1) (35--168) ( 33-5<>~) (29-1580) 

csll v ucrr NS p < 0 ·05 p < 0 ·05 NS NS NS 

More careful analysis of this study in the conventional 
treated group revealed that those 5 patients who progressed, had 
a mean baseline microalbuminuria considerable higher (189 ± 61 
mg/24h) than those who remained stable in the same treatment 
group (51 ± 24 mg/24h). Of note is that the diastolic blood 
pressure rose significantly only in the conventionally treated 
group. The annual change in urinary albumin excretion 
co r related with the annual change in mean blood pressure. 
Furthermore, all 11 patients in the convent ional hyperglycemic 
group whose AER showed a rising trend also had rising blood 
pressures (Fig 37). 

Figure 37 (Ref 156) 
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urinary AER as compared with hyperglycemic conventionally 
treated microalbuminuric patients over a 3 year follow-up period 
(Fig 38). As mentioned above, a trend for rising blood pressure 
levels were seen in both microalbuminuric groups. Near
normoglycemic control seems not . to reverse established 
microalbuminuria but may prevent the progressive increase in 
urinary AER seen in conventionally treated Type I diabetic 
patients (130). 

Figure 38 (Ref 130) 
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To sum up, improved glycemic control seems a reasonable 
approach as part of a comprehensive therapeutic strategy that 
also includes blood pressure lowering measures. It must be 
remembered that intens i ve diabetic treatment is very expensive 
both to the patient and to the health care system (158,159). 
The ever present danger of insulin-induced hypoglycemia with 
potentially lethal consequences also exists, and indeed is 
increased threefold as demonstrated by the DCCT trial ( 160). 
Thus, given both the r i sks of aggressive insulin therapy and the 
considerable ambiguity of the evidence discussed above, we 
strongly believe that results of a large scale clinical trial 
are needed to define the microalbuminuria issue more clearly. 
The Diabetes Cont r ol and Complication Trial ( 160) is such a 
trial and it is well underway . 

3. Low Protein Diets: 

Dietary intervention with low protein diets has long been 
recommended in patients with chronic renal failure (161). 
Several studies have shown that protein restricted diets slow 
the progressive decline of renal failure and prolong life in 
patients with moderate to severe renal disease (161-164). The 
rationale for this dietary approach is based on early 
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experimental evidence that high-protein diets accelerate the 
glomerular lesions in intact and uninephrectomized rabbits or 
rats (165-168). Conversely, low-protein diets appear to retard 
the progression of nephrotoxic serum nephritis in rats (169). 

The mechanisms involved in the hyperfiltration associated 
with high protein diets remain unknown, but may be determined by 
alterations in the tubuloglomerular feedback system (170). 
Protein restriction is clearly effective in preventing the 
hyperfiltration and renal pathologic changes occuring in the 
remnant glomeruli of rats with reduced renal mass (91, 94). 
Brenner and colleagues ' (171,172), and Jamison (173) have 
reconciled the hyperfiltration model of the "remnant kidney" 
with the chronic effects of excess protein intake on the 
progression of renal disease. This theory proposes that an 
increase in protein intake causes renal vasodilation and 
glomerular hyperperfusion eventually disrupts the glomerular 
permselectivity and causes albuminuria with subsequent mesangial 
expansion. As discussed above, the same model of glomerular 
hyperfiltration has -been proposed by those authors to explain 
the genesis of diabetic nephropathy (93). Note the report by 
Neugarten et al ( 17 4) that streptozocin diabetic rats fed high 
protein diets (50%) have an acceleration of diabetic nephropathy 
as evidenced by greater mesangial expansion and GBM thickening 
as well as higher proteinuria than diabetic rats with 20% 
protein chow. Similar findings were subsequently confirmed by 
zatz et al (94), as discussed above. 

K. Zeller (175) is currently conducting a carefully designed 
long term study to assess the effects of low protein diets (0.6 
g/k/day) on an homogeneous population of patients with advanced 
diabetic nephropathy. Figure 39 shows preliminary data 
suggesting that dietary protein restriction significantly 
reduces proteinuria, but more prolonged observation is needed to 
determine whether the course of diabetic nephropathy is indeed 
retarded. 

Figure 39 (Ref 175) 

EFFECT OF PROTEIN RESTRICTED DIET 
ON PROTEINURIA IN DIABETIC NEPHROPATHY 



i 
I 
.I 

-45-

Recently Ciavarella et al (176), reported the effects of a 5 
month low protein diet (0.7 ± 0.1 g/kg/day) on 7 Type I 
proteinuric patients with levels of serum creatinine between 0.7 
- 1. 9 mg/dl. A significant reduction from 434 ± 244 to 205 ± 
212 pg/min in AER was found in all patients on the low protein 
diet compared to those 9 control patients on 1.4 ± 0.1 g/kg/day 
protein diet. Upon discontinuation of the low protein diet, a 
significant reincrease in AER was observed (Fig 40). 

Figure 40 (Ref 176) 
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The only report in microalbuminuria is from Cohen et al, 
( 177) who conducted a short term 3 week crossover study in B 
microalbuminuric patients given an average 47 and 92 g/day 
protein diet. Overnight AER fell from 23 pg/min to 15 pg/min on 
the low protein diet (Fig 41). 

Figure 41 (Ref 177) 
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No long term studies are available on the potential 
beneficial effect of low protein diets on microalbuminuria in 
patients with early diabetic nephropathy. Low protein diets 
seem like a "healthy" and "non invasive" intervention that 
require proper validation. Even if this is accomplished, the 
magnitude of the effect is not very impressive and compliance is 
a major problem. Nonetheless, it is a sensible approach, 
perhaps unrealistic, that may find some value as an adjunt 
rather than as a primary line of intervention. 

4. Aldose Reductase Inhibitors 

As recently reviewed by Raskin and Rosenstock (178), 
enhanced polyol pathway activity may provide a common 
biochemical vinculum in the pathogenesis of late diabetic 
complications. The intracellular accumulation of sorbi tal and 
fructose occurs as a consequence of the increased activity of 
aldose reductase, the rate-limiting and key enzyme in this 
pathway. An osmotic effect was originally thought to be the 
main pathogenic mechanism that results from the increased polyol 
concentration in tissues ( 179,180). Recently, more attention 
has been given to the concomitant reduction of tissue 
myoinositol levels seen in diabetes (181,182). Aldose reductase 
activation is coupled to a series of biochemical reactions in 
many tissues of the body affected by the complications of 
diabetes, resulting in depletion of myoinositol and decrease in 
Na-K ATPase activity (183)(Fig 42). 

Figure 42 (Ref 183) 
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These series of biochemical changes that result from 
activation of the polyol pathway may be a mechanism by which 
hyperglycemia causes tissue damage. The presence of aldose 
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reductase activity has been clearly documented in retina, lens, 
schwann' s cell, aorta, and also in glomerular tissue ( 17 8) . 
Administration of an aldose reductase inhibitor (ARI) 
ameliorated the diabetes related changes in nerve sorbitol and 
myoinositol and improved nerve conduction velocities in rats 
(184) and humans (185) with an apparent beneficial effect in 
painful diabetic neuropathy (186-188). In addition, 
experimental evidence has also shown that aldose reductase 
inhibitors prevent cataract formation (180) and, more 
importantly, prevent galactose-induced retinopathy with striking 
reduction in retinal capillary basement membrane thickness 
(189). Table 14 summarizes the experimental findings with ARI 
in tissues susceptible to diabetic complications. 

Table 14 (Ref 183) 
TISSUES DEPLETED OF MYOINOSITOL 

IN RESPONSE TO HYPERGLYCEMIA 

Inhibition Prevention Decrease 
Ml Uptake by Aldose Reduc- Na-K ATPase 

Tissue Species Glucose tase Inhibitor Activity 

Sciatic Nerve Rat Yes Yes Yes 
Rabbit Yes Yes Yes 
Human ? ? ?Yes 

Autonomic Rat Yes Yes Yes 
Ganglion 

Renal Rat Yes Yes Yes 
Glomerulus 

Retina Rabbit ? ? Yes 

(Greene et al, N Eng J Med 1987) 

Beyer-Mears et al, (190) measured polyols in glomeruli 
isolated from control and streptozotocin diabetic rats and 
assessed whether changes in diabetic glomeruli could be 
prevented by oral treatment with the aldose reductase inhibitor 
drug, sorbinil. Compared with controls, the polyol content of 
glomeruli isolated from diabetic rats was increased 10 fold and 
4 fold at 6 and 9 weeks respectively, after induction of 
diabetes. It was unchanged in glomeruli from rats treated with 
sorbinil. In contrast, glomerular myoinositol content was 
reduced in diabetic animals, and this fall was completely 
prevented by the drug. Note that the glomerular accumulation of 
protein in diabetic rats was also prevented with aldose 
reductase inhibition, suggesting a role for this pathway in the 
genesis of diabetic nephropathy. Treatment of streptozotocin
diabetic rats with sorbinil reduces proteinuria and restores the 
urine electrophoresis pattern towards normal ( 191). Of great 
interest are the preliminary reports indicating that 
administration of aldose reductase inhibitors can reduce the 
increased GFR seen in streptozotocin diabetic rats (192). 
Similar effects on GFR were demonstrated in the same animal 
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model with the use of diets supplemented with myoinositol 
(192,193). 

If this enzymatic pathway does serve as some pathogenic 
mechanism in all or some of the diabetic complication, then the 
inhibition of aldose reductase 1Ttay represent a direct 
pharmacologic approach in the treatment of certain diabetic 
complications. This approach is distinct and separate from 
treatments designed to improve blood glucose levels. To date no 
human studies have been reported on the potential beneficial 
effect of aldose reductase inhibitors on either overt 
proteinuria or on the .microalbuminuria of early diabetic 
nephropathy. 

V. CONCLUSION 

The natural history of early diabetic nephropathy remains to 
be further elucidated . Glomerular structural and hemodynamic 
changes seem important, however, the precise pathophysiological 
events leading to microalbuminuria are still unclear. 

Interpretation of the evidence presented, supports the 
notion that microalbuminuria, rather than being a "predictor of 
future diabetic nephropathy", is indeed a "marker of incipient 
hypertension" that seems to warrant intervention. Endless 
discussions on what comes f i rst, the hypertension or the renal 
disease, can be predicted! 

In addition to the ongoing DCCT study evaluating the role of 
glycemic control on diabetic complications, we clearly need a 
long term controlled prospective study to assess lower blood 
pressure goals on the rate of progression of diabetic 
nephropathy. Although perhaps premature, my feeling about the 
role of blood pressure in the development of diabetic renal 
disease is much the same as the role of cholesterol levels in 
the development of atherosclerosis: "The lower the better". 



. I 

-49-

REFERENCES 

1. Friedman EA. Diabetic Nephropathy. Strategies in prevention and management. 
Kidney Int 21: 780-791, 1982. 

2. Health Care Financing Administration (HCFA) Quarterly Stastical Summary 
Bulletin, April, 1988. 

3. Hall A. Personal Communication. 

4. Whitley KY, Shapiro FL. Hemodialysis for end stage diabetic nephropathy. In: 
Friedman EA, L'Esperance FA, Jr. (eds). Diabetic Renal-Retinal Syndrome 3. 
New York: Grune & Straton, 349-363, 1986. · 

5. Sixth Annual Report of the National Diabetes Advisory Board. NIH Publication 
No. 84: 1587, May 1984. 

6. Dorman JS, LaPorte RE, Kuller LH, Cruickshanks KJ, Orchard JJ, Wagener OK, 
Becker OJ, Cavender DE, Drash AL. The Pittsburgh Insulin-Dependent Diabetes 
Mellitus (IDDM) Morbidity and Mortality Study. Diabetes 33: 271-276, 
1984. 

7. Deckert T, Poulsen JE, Larsen M. Prognosis of diabetes with diabetes onset 
before the age of thirty-one. Diabetologia 14: 363-370, 1978. 

8. Andersen AR, Sandahl Christiansen J, Andersen JK, Kreiner S, Deckert T. 
Diabetic Nephropathy in Type I Insulin Dependent Diabetes: An 
Epidemiological Study. Diabetologia 25: 496-501, 1983. 

9. Borch-Johnsen K, Andersen PK, Deckert T. The effect of proteinuria on 
relative mortality in Type I insulin dependent diabetes mellitus 
Diabetologia 28: 590-596, 1985. 

10. Kofed-Enevoldsen A, Borch-Johnsen K, Kreiner S, Nerup J, Deckert T. 
Declining incidence of persistent proteinuria in Type I insulin-dependent 
diabetic patients in Denmark. Diabetes 36: 205-209, 1987. 

11. Borch-Johnsen K, Kreiner S, Deckert T. Mortality of Type I insulin dependent 
diabtes mellitus in Denmark: A study of relative mortality in 2930 Danish 
Type I diabetic patients diagnosed from 1933 to 1972. Diabetologia 29: 
767-772, 1986. 

12. Krolewski AS, Warram JH, Christlieb AR, Busick EJ, Kahn CR. The changing 
natural history of nephropathy in Type I diabetes. Am J Med 78: 785-794, 
1985. 

13. Krolewski AS, Warrem JH, Rand Ll, Kahn CR. Epidemologic approach to the 
et i o 1 ogy of Type I me ll1tus and its camp 1 i cation. N Eng J Med 317: 1390-1398, 
1987. 

14. Kussman MJ, Goldstein HH, Gleason RE. The clinical course of diabetic 
nephropathy. JAMA 236: 1861-1863, 1976. 



-so-

15. Andersen AR, Andersen JK, Christiansen JS, Deckert T. Prognosis for 
juvenile diabetes with nephropathy and failing renal function. Acta Med 
Scand 203: 131-134, 1978. 

16. Rutherford WE, Blondin J, Miller JP, Greenwalt AS, Yarra JD. Chronic 
progressive renal disease. Rate of change of serum creatinine concentration. 
Kidney Int. 11: 62-70, 1977. 

17. Jones RH, Mackay JD, Hayakawa H, Parsons V, Watkins PJ. Progression of 
diabetic nephropathy. Lancet I: 1105-1106, 1979. 

18. Mogensen CE. Progression of nephropathy in long-term diabetes with 
·1 proteinuria and effect of i ni tia 1 anti-hypertensive treatment. ScandJCli n Lab 
I Invest 36: 383-388, 1976. 

19. Viberti GC, B1lous RW, Mackintosh D, Keen H. Monitoring glomerular function 
in diabetic nephropathy. Am J Med 74: 256-264, 1983. 

20. V1berti GC, Keen H, Mackintosh D. Betaz-m1croglobulinemia: a sensitive 
index of diminishing renal function in diabetics. Br Med J 282: 95-98, 
1981. 

21. Parving HH, Andersen AR, Smidt VM. Monitoring kidney function in insulin
dependent diabetics with diabetic nephropathy. Diabetic Nephropathy 3:130-
133, 1984. 

22. Mogensen CE. Clinical and renal functional studies of diabetic nephropathy 
in humans. In: Nephrology Proceedings of the IX International Congress of 
Nephrology. Robinson RR (ed) Springer-Verlag New York, Berlin, Heidelberg, 
Tokyo, pp. 1053-1073, 1984. 

23. Unger RH, Foster ow. Diabetes Mellitus In: Williams Textbook of 
Endocrinology. JD Wilson and OW Foster (eds). WB Saunders Co, Philadelphia 
pp. 1018-1080, 1985. 

24. Mogensen CE, Christiansen CK, Vittinghus E: The stages in diabetic renal 
disease. Diabetes 32 (Suppl 2): 64-78, 1983. 

25. Keen H, Chlowverakis C. An immunoassay method for urinary albumin at low 
concentrations. Lancet 2: 913-916, 1963. 

26. Keen H, Chlouverakis C, FullerJH, Jarrett RJ. The concomitants of raised blood 
sugar: Studies in newly detected hyperglycemia II uri nary a 1 bumi n excretion, 
blood pressure and their relation to blood sugar levels. Guy's Hosp Rep 118: 
247-252, 1963. 

27. Parving HH, Oxenboll B, Svendsen PAa, Sandahl-Christiansen J, Anderson AR. 
Early detection of patients at risk of developing diabetic nephropathy. A 
longitudinal study of urinary albumin excretion. Acta Endocrinol 100: 550-
555, 1982. 

28. Viberti GC, Jarrett RJ, Mahmud u, Hill RD, Argyropoulos A, Keen H. 
M1 croa 1 bumunuria as a predictor of eli ni ca 1 nephropathy in insulin-dependent 
diabetes mellitus. Lancet 1: 1430-1432, 1982. 

~ . 



-51-

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

30. Mathiesen ER, Oxenboll 8, Johansen K, Svendsen PAa, Deckert T. Incipient 
nephropathy in Type I (insulin-dependent) diabetes. Diabetologia 26: 
406-410, 1984. 

31. Mogensen CE. Microalbuminuria predicts clinical proteinuria and early 
mortality in maturity-onset diabetes. N Eng J Med 310: 356-360, 1984. 

32. Jarrett RJ, Viberti GC, Argyropoulos A, Hill RD, Mahmud U, Murrells TJ. 
Microalbuminuria predicts mortality in non insulin-dependent diabetes. 
Diabetic Medicine 1: 17-19, 1984. 

33. Viberti GC, Wiseman M. Microalbuminuria: Its history and potential for 
prevention of clinical nephropathy in diabetes mellitus. · Diabetic 
Nephropathy 3: 79-82, 1984. 

34. Mogensen CE. Microa1buminuria and incipient diabetic nephropathy. 
Diabetic Nephropathy 3: 75-78, 1984. 

35. Viberti GC, Mackintosh D, Keen H. Determinants of the penetration of 
proteins through the glomerular barrier in insulin-dependent diabetes 
mellitus. Diabetes 32 (Suppl): 92-95, 1983. 

36. Viberti GC, Keen H. The patterns of proteinuria in diabetes mellitus: 
relevance to pathogenesis and prevention of diabetic nephropathy. Diabetes 
33: 686-692, 1984. 

37. Mogensen CE. Microalbuminuria as a predictor of clinical diabetic 
nephropathy. Kidney Int 31: 673-689, 1987. 

38. Rasmussen BF, Mathiesen ER. Variability of urinary albumin excretion in 
incipient diabetic nephropathy. Diabetic Nephropathy 3:101-103, 1984. 

39. Mogensen CE. Urinary albumin excretion in early and long-term juvenile 
diabetes. Scand J Clin Lab Invest 28: 183-193, 1971. 

40. Parving HH, Noer I, Deckert T, Errin PE, Nielsen SL, Lyngsoe J, Mogensen 
CE, Rorth M, Svendsen PAa, Jensen JT, Lassen NA. The effect of metabolic 
regulation on microvascular permeability to small and large molecules in 
short-term juvenile diabetics. Diabetologia 12: 161-166, 1976. 

41. Mogensen CE, Vittinghus E. Urinary albumin excretion during exercise in 
juvenile diabetes: A provocation test for early abnormalities. Scan J Clin 
Lab Invest 35: 295-300, 1975. 

42. Viberti GC, Jarret RJ, McCartney M, Keen H. Increased glomerular 
permeability to albumin induced by exercise in diabetic subjects. 
Diabetologia 14: 293-300, 1978. 

43. Mogensen CE, Vittinghus E, Salling K. Abnormal albumin excretion after 
two provocative renal tests in diabetes. Physical exercise and lysine 
injection. Kidney Int 16: 385-393, 1979. 



-52-

44. Vitti nghus E, Mogensen CE. A 1 bumi n excretion and rena 1 hemodynamic 
response to physical exercise in normal and diabetic man. Scand J Clin Lab 
Invest 41: 627-632, 1981. 

45. Vittinghus E, Mogensen CE. Graded exercise and protein excretion in 
diabetic man and the effect of insulin treatment. Kidney Int 21: 725-729, 
1982. 

46. Cohen DL, Close CF, Viberti GC. The variability of overnight uri nary a 1 bumi n 
excretion in insulin-dependent diabetic and normal subjects. Diabetic 
Medicine 4: 437-440, 1987. 

47. Eshoj 0, Feldt-Rasmussen B, Larsen ML, Mogensen EF. Comparison of overnight, 
morning and 24h urine collections in the assessment of diabetic 
microalbuminuria. Diabetic Medicine 4: 531-533, 1987. 

48. Gatling W, Knight C, Hill RD. Screening for early diabetic nephropathy: 
which sample to detect microalbuminuria? Diabetic Medicine 2:451-455, 1985. 

49. Christiansen CK, Mogensen CE: The Course of Incipient Diabetic Nephropathy: 
Studies on a 1 bumi n excret i on and blood pressure. Diabetic Medicine 2: 97-102, 
1985. 

50. Wiseman MJ, Viberti GC, Mackintosh D, Jarrett RJ, Keen H. Glycaemia, 
arterial pressure and microalbuminuria in Type I (insulin-dependent) 
diabetes mellitus. Diabetologia 26: 401-405, 1984. 

51. Mogensen CE, Christensen CK. Blood pressure changes and renal function in 
incipient and overt diabetic nephropathy. Hypertension 7 (Suppl II): 64-73, 
1985. 

52. Krolewski AS, Canessa M, Warram JH, Laffel LMB, Christlieb AR, Knowles MC, 
Rand LI. Predisposition to hypertension and susceptiblity to renal 
disease in insulin-dependent diabetes mellitus. N Engl J Med 318: 140-145, 
1988. 

53. Mangili R, Bending JJ, Scott G, Li LK, Gupta A, Viberti GC. Increased 
sodium-lithium countertransport activity in red cells of patients with 
insulin-dependent diabetes and nephropathy. N Engl J Med 318: 146-150, 
1988. 

54. Osterby R. Early phases in the development of diabetic glomerulopathy. A 
quantitative electron microscopic study. Acta Med Scand (suppl) 574: 3-82, 
1975. 

55. Osterby R, Gundersen HJG. Glomerular size and structure in diabetes 
mellitus. I Early abnormalities. Diabetologia 11: 225-229, 1975. 

56. Kroustrup JP, Gundersen HJG, Osterby R. Glomerular size and structure in 
diabetes mellitus. Diabetologia 13: 207-210, 1977. 

57. Mauer SM, Steffes MW, Brown OM. The kidney in diabetes. Am J Med 70: 603-
612, 1981. 



I 

.I 

-5 3-

58. Gundersen HJG, Osterby R. Glomerular size and structure in diabetes 
mellitus II late abnormalities. Diabetologia 13: 43-48, 1977. 

59. Deckert T, Parving H-H, Andersen AR, Christiansen JS, Oxenboll B, Svendsen 
PAa, Telmer S, Christy M, Lauritzen T, Thomas OF, Kreiner S, Andersen JR, 
Binder C, Nervy J. Diabetic Nephropathy. A eli ni ca 1 and morphometric study. 
In Advances in Diabetic Epidemiology. Eschwege E (ed). Amsterdam, Elsevier 
Biomedical Press, pp. 235-243, 1982. 

60. Thomsen OF, Andersen AR, Sandahl-Christiansen J, Deckert T. Renal changes 
in long term Type I (insulin-dependent) diabetic patients with and without 
clinical nephropathy: A light microscopic, morphometric study of an autopsy 
material. Diabetologia 26: 361-365, 1984. 

61. Mauer SM, Steffes MW, Ellis FN, Sutherland DER, Brown OM, Goetz FC. 
Structural-functional relationships in diabetes nephropathy. J Clin Invest 
74: 1143-1155, 1984. 

62. Ellis EN, Steffes MW, Goetz FC, Sutherland DER, Mauer SM. Glomerular 
filtration surface in Type I diabetes mellitus. Kidney Int 29: 889-894, 
1986. 

63. B1lous RW, Chavers BM, Ellis EN, Steffes MW, Mauer SM. Glomerular structure 
in normoalbuminuric and microalbuminuric nomotensive insulin-dependent 
diabetic patients with normal creatinine clearence. Diabetic Medicine 4: 
560A, 1987. 

64. Osterby R, Andersen AR, Gundersen HJ, Jorgensen HE, Mogensen CE, Parving HH. 
Quantitative studies of glomerular ultrastructure in Type I diabetics with 
incipient nephropathy. Diabetic Nephropathy 3: 95-100, 1984. 

65. Mauer SM, Steffes MW, Ellis EN, Brown OM. Can the insulin-dependent 
diabetic patient be managed without kidney biopsy. In: Nephrology. 
Proceeding of the IX International Congress of Nephrology. Robinson RR (ed) 
Springler Verlag, New York, Berlin, Heidelberg, Tokyo pp 1103-1108, 1984. 

66. Ditzel J, Schwartz M. Abnormally increased glomerular filtration rate in 
short-term insulin-treated diabetic subjects. Diabetes 16: 264-267, 1967. 

67. Ditzel J, Junker K. Abnormal glomerular filtration rate, renal plasma flow 
and renal protein excretion in recent and short-term diabetics. Br Med J 2: 
13-19, 1972. 

68. Mogensen CE. Glomerular filtration rate and renal plasma flow in long-term 
juvenile diabetes without proteinuria. Br Med J 4: 257-259, 1972. 

69. Viberti GC, Wiseman MJ. The kidney in diabetes: Significance of the early 
abnormalities. Clinics in Endocrinology and Metabolism 15: 253-782, 1986. 

70. Mogensen CE. Diabetes mellitus and the kidney. Kidney Int 21: 673-675, 
1982. 

71. Mogensen CE, Andersen MJF. Increased kidney size and glomerular filtration 
rate in untreated juvenile diabetes: Normalization by insulin treatment. 
Diabetologia 13:207-210, 1977. 



-54-

72. Christiansen JS, Gamnelgaard T, Tronier B, Svendsen PAa, Parving HH. Kidney 
function and size in diabetics before and during initial insulin treatment. 
Kidney Int 21: 683-688, 1982. 

73. Viberti GC, Mackintosh D, Bilous RW, Pickup JC, Keen H. Proteinuria in 
diabetes mel11tus: Role of spontaneous and experimental variation of 
glycemia. Kidney Int 21: 714-720, 1982. 

74. Mogensen CE. Glomerular filtration rate and renal plasma flow in short-term 
and long-term juvenile diabetes mellitus. Scand J Clin Lab Invest 28: 
91-100, 1971. 

75. Christiansen JS, Frandsen M, · Parving HH. Effect of intravenous glucose 
infusion on renal function in normal man and in insulin-dependent 
diabetics. Diabetologia 20: 199-204, 1981. 

76. DeFronzo RA, Cooke CR, Andres R, Fa 1 oona GR, Davis PJ. The effect of insulin 
on renal handling of sodium, potassium calcium and phosphate in man. J Clin 
Invest 55: 845-855, 1975. 

77. Christiansen JS, Frandsen M, Parving HH. The effect of intravenous insulin 
infusion on kidney function in insulin-dependent diabetes mellitus. 
Diabetologia 20: 199-204, 1981. 

78. Parving HH, Noer I, Kehlet H, Mogensen CE, Svendsen PAa, Hed1ng LG. The 
effect of short-term glucagon infusion on kidney function in normal man. 
Diabetologia 13: 323-325, 1977. 

79. Parving HH, Christiansen JS, Noer I, Tronier B, Mogensen CE. The effect of 
glucagon infusion on kidney function in short-term insulin-dependent 
juvenile diabetics. Diabetologia 19: 350-354, 1980. 

80. Hayfod JT, Danney MM, Hendrix JA, Thompson RG. Integrated concentration of 
growth hormone in juvenile-onset diabetes. Diabetes 29: 391-398, 1980. 

81. Ikkos D, Luft R, Gemzell CA. The effect of human growth hormone in man. Acta 
Endocrinol 32: 341-361, 1954. 

82. Christiansen JS, Garrmelgaard J, Orskov H, Andersen AR, Telmer S, Parving HH. 
Kidney function and size in normal subjects before and during growth hormone 
administration for one week. Eur J Clin Invest 11: 487-490, 1981. 

83. Christiansen JS, Garrmelgaard J, Frandsen M, Orskov H, Parving HH. Kidney 
function and size in Type I diabetic patiens before and during growth 
hormone administration for one week. Diabetologia 22: 333-337, 1982. 

84. Christiansen JS. On the pathogenesis of the increased glomerular filtration 
rate in short-term insulin-dependent diabetics. Copenhagen (Thesis), 1984. 

85. Mogensen CE, Osterby R, Gundersen HJG. Early functional and morphologic 
vascular renal consequences of the diabetic state. Diabetologia 17: 71-76, 
1979. 

86. Hostetter TH, Troy JL, Brenner BM. Glomerular hemodynamics in experimental 
diabetes. Kidney Int 19: 410-415, 1981. 



I ., 

-55-

87. Steffes MW, Brown OM, Mauer SM. Diabetic glomerulopathy following 
unilateral nephrectomy in the rat. Diabetes 27: 35-41, 1978. 

88. Steffes MW, Buchwald H, Wigness BD, Grappoli TJ, Rupp WM, Rohde TO, 
Blackshear PJ, Mauer SM. Diabetic nephropathy in the uninephrectomized dog: 
Microscopic lesions after one year. Kidney Int 21: 721-724, 1982. 

89. Mauer SM, Steffes MW, Azar S, Kupcho-Sandberg S, Brown OM. The effect of 
Goldblatt hypertension on the development of glomerular lesions of diabetes 
mellitus in the rat. Diabetes 27: 738-744, 1978. 

90. Berkman J, Rifkin H. Unilateral nodular diabetic glomerulosclerosis 
(Kimmestiel-Wilson). Metabo1ism 22: 715-722, 1973. 

91. Hostetter TH, Olson JL, Rennke HG, Venkatachalam MA, Brenner BM. Hyperf11-
tration in remnant nephrons: a potentially adverse response to renal 
ablation. Am J Physiol 24: F85-93, 1981. 

92. Olson JL, Hostetter TH, Rennke HG, Brenner BM, Venkatachalam MA. Altered 
glomerular penmselectivity and progressive sclerosis follow i ng extreme 
ablation of renal mass. Kidney Int 22: 112-126, 1982. 

93. Hostetter TH, Rennke HG, Brenner BM. The case for intrarenal hypertension 
in the initiation and progression of diabetic and other glomerulopathies. 
Am J Med 72: 375-380, 1982. 

94. Zatz R, Meyer TW, Rennke HG, Brenner BM. Predominance of hemodynamic rather 
than metabolic factors in the pathogenesis of diabetic glomerulopathy. 
Proc Natl Acad Sci 82: 5963-5967, 1985. 

95. Mauer SM, Steffes MW, Goetz FC, Sutherland DER, Brown OM. Diabetic 
nephropathy. A perspective. Diabetes 32 (Suppl): 52-55, 1983. 

96. Deckert T, Rasmussen BF, Mathiesen ER, Baker L. Pathogenesis of incipient 
nephropathy: A hypothesis. Diabetic Nephropathy 3: 88-88, 1984. 

97. Farquhar MG, Courtoy PJ, Lemkin MC, Kanwar YS. Current knowledge of the 
functional architecture of the glomerular basement membrane In: New Trends 
in Basement Membrane Research. Kuehn K, Schoene H, Timple R (eds) Raven 
Press New York pp 9-29, 1982. 

98. Brenner BM, Hostetter TM, Humes HD. Molecular basis of proteinuria of 
glomerular orig i n. N Eng J Med 298: 826-833, 1978. 

99. Deen WM, Satvat B. Determinants of glomerular filtration of proteins. Am J 
Physiol 241: F162-170, 19B1. 

100. Mogensen CE. Kidney function and glomerular penmeabi 1 ity to macromolecules 
in early juvenile diabetes. Scan J Clin Invest 28: 79-90, 1971 . 

101. Pennell JP, Yanagawa N, Hwang KJ, Millard MM, Bourgiognie JJ. Glomerular 
selective permeability to macromolecular neutral dextrans in experimental 
diabetes. Diabetologia 20: 223-227, 1981. 



r , 

I 
I 

- 56-

102. Meyer BD, Wiretz JA, Chui F, Michaels AS. Mechanisms of proteinuria in 
diabetic nephropathy. A study of glomerular barrier function. Kidney Int 
21: 633-641, 1982. 

103. Ireland JT, Viberti GC, Watkins PJ. The kidney and renal tract, in: Keen H, 
Jarrett J (eds), Complications of Diabetes, London, Edward Arnold, pp 
166-172, 1982. 

104. Kanwar YS, Farquhar MG. Presence of heparan sulfate in the glomerular 
basement membrane. Proc Nat Acad Sci USA 76: 1303-1307, 1974. 

105. Linker A, Hovingh P, Kanwar YS, Farquhar MG. Characterization of heparan 
sulfate isolated from dog gl.omerular basement membranes. Lab Invest 44: 
560-565, 1981. 

106. Vernier RL, Klein OJ, Sission SP, Mahan JD, Oegema TR, Brown OM. Heparan 
sulfate-rich anionic sites in the human glomerular basement membrane. N 
Engl J Med 309: 1001-1009, 1983. 

107. ICanwar YS, L1 nker A, Farquhar MG. Increased permeab1li ty of the glomerular 
basement membrane to ferrlti n after remova 1 of glycosami nogl ycans (heparan 
sulfate) by enzyme digestion. J Cell Biol 86: 688-693, 1980. 

108. Rosenzweig LJ, Kanwar YS. Removal of sulfated (heparan sulfate) or 
nonsulfated (hyaluronic acid) glycosaminoglycans results in increased 
permeability of the glomerular basement membrane to 12 'IBSA. Lab Invest 
47:177-184, 1982. 

109. Vehaskari VM, RootER, Germuth FG, Robson AM. Glomerular charge and urinary 
protein excretion: Effects of systemic and intrarenal polycation infusion 
in the rat. Kidney Int 22: 127-235, 1982. 

110. Barnes JL, Radnik RA, Gilchrist EP, Venkatachalam MA. Size and charge 
se 1 ecti ve permeability defects induced in glomerular basement membrane by a 
polycation. Kidney Int 25: 11-19, 1984. 

111. Rohrback DH, Hassell JR, Kleinman HK, Martin GR. Alterations in the 
basement membrane (heparan sulfate) proteoglycan in diabetic mice. Diabetes 
31: 185-188, 1982. 

112. Kanwar YS , Rosenzweig LJ, L1 nker A, Jakubowski L. Decreased de novo 
synthesis of glomerular proteoglycans in diabetes: Biochemical and 
autoradiographic evidence. Proc Natl Acad Sci 80: 2272-2275, 1983. 

113. Cohen MP, Surma ML. Effect of diabetes on in vivo metabolism of 
( 2 '5)-labeled glomerular basement membrane. Diabete5i13:8-12, 1984. 

114. Viberti GC, Mackintosh D, Keen H. Determinants of the penetration of 
proteins through the glomerular barrier in insulin-dependent diabetes 
mellitus. Diabetes 32 (Suppl): 92-95, 1983. 

115. Spiro G, Parthasarathy N. Studies on the proteoglycan of basement membrane. 
In: New Trends in Basement Membrane Research. Kuehn K, Schoene H, Timple R 
(eds) pp 87- 98, 1982. 



., 

-57-

116. Wahl P, Deppennann D, Hasslacher C. Biochemistry of glomerular basement 
membrane of the normal and diabetic human. Kidney Int 21: 744-749, 1982. 

117. Parthasarathy N, Spiro RG. Effect of diabetes on the glycosaminoglycan 
component of the human glomerular basement membrane. Diabetes 31: 738, 
1982. 

118. Shimomura H, Spiro RG. Studies on macromolecular components of human 
glomerular basement membrane and alterations in diabetes. Decreased levels 
of heparan sulfate proteoglycan and laminin. Diabetes 36: 374-381, 1987. 

119. Mauer SM, Steffes MW, Chern M, Brown OM. Masangial uptake and processing of 
macromolecules in rats with diabetes mellitus. Lab Invest 41: 401-406, 
1979. 

120. Parving H-H, Andersen AR, Smidt UM, Oxenboll B, Edsberg B, Christiansen JS. 
Diabetic nephropathy and arterial hypertension. Diabetologia 24: 10-12, 
1983. 

121. Parving H-H, Smidt UM, Friisberg B, Bonnevie-Nielsen V, Andersen AR. A 
prospective study of glomerular filtration rate on arterial blood pressure 
in insulin-dependent diabetics with diabetic nephropathy. Diabetol ogia 20: 
457-461, 1981. 

122. Mogensen CE. Long-term antihypertensive treatment inhibiting progression 
of diabetic nephropathy. Br Med J 285: 685-688, 1982. 

123. Parving H-H, Andersen AR, Smidt UM, Svendsen PAa. Early aggressive 
antihypertensive treatment in kidney function in diabetic nephropathy. 
Lancet I: 1175-1178, 1983. 

124. Bjorck S, Nyberg G, Mulec H, Granerus G, Herlitz H, Aurell M. Beneficial 
effects of angiotensin converting enzyme inhibition on renal function in 
patients with diabetic nephropathy. Br Med J 293: 471-474, 1986. 

125. Parving H-H, Andersen AR, Smidt VM, Hommel E, Mathiesen ER, Svendsen PA. 
Effect of antihypertensive treatment on kidney function in diabetic 
nephropathy. Br Med J 294: 1443-1337, 1987. 

126. Hommel E, Parving H-H, Mathiesen E, Edsberg B, Nielsen MD, Giese J. Effect 
of captopril on kidney function in insulin-dependent diabetic patients with 
nephropathy. Br Med J 293: 467-470, 1986. 

127. Kastner PR, Hall JE, Guyton AC. Control of glomerular filtration rate: 
role of intraenally formed angiotensin II. Am J Physiol 246: F897-906, 
1984. 

128. Andersen S, Rennke HG, Brenner BM. Therapeutic advantage of converting 
enzyme inhibitors in arresting progressive renal disease associated with 
systemic hypertension in the rat. J Clin Invest 77: 1993-2000, 1986. 

129. Zatz R, Dunn R, Meyer TW, Andersen S, Rennke HG, Brenner B. Prevention of 
diabetic glomerulopathy by pharmacological amelioration of glomerular 
capillary hypertension. J Clin Invest 86: 1925-1930, 1986. 

, 



I 
I 

I 
I 

I 

- . -·~--- .. - -- .. ~- --- --·-·------ --·-· 

-58-

130. Rosenstock J, Raskin P. The effect of glycemic control on uri nary 
excretion rate (AER) in Type I diabetes mellitus. Diabetes 36 (Suppl) 1: 
425A, 1987. 

131. Parving H-H, Jensen HA, Mogensen CE, Ervin P-E. Increased urinary albumin 
excretion rate in benign essential hypertension. Lancet I: 1190-1192, 1974. 

132. Pedersen EB, Mogensen CE. Effect of antihypertensive treatment on urinary 
albumin excretion, glomerular filtration rate, and renal plasma flow in 
patients with essential hypertension. Scand J Clin Lab Invest 36: 231-237, 
1976. 

133. Christiansen CK, Mogensen CE. Effect of antihypertensive treatment on 
progression in incipient diabetic nephropathy. Hypertension 7 (Suppl II) 
109-113, 1985. 

134. Marre M. Leblanc H, Suarez L, Guyenne TT, Menard J, Passa P. Converting 
enzyme inhibit i on and kidney function in nonnotensive diabetic patients 
with persistent microalbuminuria. Br Med J 294: 1448-1452, 1987. 

135. The 1984 Report of the Joint Nat ional Committee on Detection, Evaluation 
and Treatment of High Blood Pressure. Arch Intern Med 144: 1045-1057, 
1984. 

136. The Working Group on Hypertension in Diabetes: Statement on hypertension 
in diabetes mellitus: Final report. Arch Intern Med 147:830-842, 1987. 

137. Kaplan NM, Rosenstock J, Raskin P. A differenct view of treatment of 
hypertension in patients with diabetes mellitus. Arch Intern Med 147: 
1160-1162, 1987. 

138. Lee CS, Mauer SM, Brown OM, Sutherland DER, Michael AF, Najarian JS. Renal 
transplantation in diabetes mellitus in rats. J Exp Med 139 : 793-800, 
1974. 

139. Mauer SM, Steffes MW, Sutherland DER, Najarian JS, Michael AF, Brown OM. 
Studies of the rate of regression of the glomerular lesions in diabetic 
rats treated with pancreatic islet transplantation. Diabetes 24: 280-285, 
1975. 

140. Steffes M, Brown OM, Basgen JM, Mauer SM. Amelioration of mesangial volume 
and surface alteratios following islet transplantation in diabetic rats. 
Diabetes 29: 509-515, 1980. 

141. Mauer SM, Brown OM, Matas AJ, Steffes MW. Effects of pancreatic islet 
transplantation of the increased urinary albumin excretion rates in intact 
and uninephrectomized rats with diabetes mellitus. Diabetes 27: 959-964, 
1978. 

142. Rasch R. Prevention of diabetic glomerulopathy in streptozotocin diabetic 
rats by insulin treatment: Kidney size and glomerular volume. Diabetologia 
16: 125-128, 1979. 

143. Rasch R. Prevention of diabetic glomerulopathy in streptozotoc1n diabetic 
rats by 1nsu11n treatment: Glomerular basement membrane thickness. 
Diabetolog1a 16: 319-324, 1979. 

, 



- 5<)-

144. Rasch R. Prevention of diabetic glomerulopathy in streptozotocin diabetic 
rats by insulin treatment: The mesangial regions. Diabetologia 17: 243-
248, 1979. 

145. Rasch R. Prevention of diabetic glomerulopathy in streptozotocin diabetic 
rats by insulin treatment: albumin excretion. Diabetologia 18: 413-416, 
1980. 

146. Mauer SM, Barbosa J, Vernier RL, Kjellsatrand CM, Buselmeier TJ, Simmons 
RL, Najarian JS, Goetz FC. Development of diabetic vascular lesions in 
normal kidney transplanted into patient with diabetes mellitus. N Eng J Med 
295: 916-920, 1976. 

147. Abouna GM, Kremer GD, Daddah SK, Al-Adnani MS, Kunar SA, Kusma G. Reversa 1 
of diabetic nephropathy in human cadaveric kidneys after transplantation 
into non-diabetic recipients. Lancet II: 1274-1276, 1983. 

148. Viberti GC, B11ouos RW, Mackintosh B, Bending JJ, Keen H. Long term 
correction of hyperglycemia and progression of renal failure in insulin
dependent diabetes. Br Med J 286: 598-602, 1983. 

149. Bending JJ, Pickup JC, Viberti GC, Keen H. Glycaemic control in diabetic 
nephropathy. Br Med J 288: 1187-1191 , 1984. 

150. Bending JJ, Viberti GC, Watkins PJ, Keen H. Intermittent clinical 
proteinuria and renal function in diabetes evolution and the effect of 
glycaemic control. Br Med J 292: 83-86, 1986. 

151. Viberti GC, Pickup JC, Jarrett RJ, Keen H. Effect of control of blood 
glucose on ur i nary excretion of albumin and betaz-microglobulin in insulin 
dependent diabetes. N Eng J · Med 300: 638-641, 1979. 

152. Lauritzen T, Frost-Larsen K, Svendsen PAa, Larsen H-W, Deckert T, 
Christiansen JS, Parving H-H, Binder C, Nerup J, Deckert M, Larsen A, Lorup 
B, Bojsen J, Bech-Jansen L. Effect of six months of strict metabolic 
contra 1 on eye and kidney function in insulin-dependent diabetic with back 
ground retinopathy. Lancet I: 121-124, 1982. 

153. Deckert T, Lauritzen T, Parvi ng H-H, Christiansen JS, and the Steno Study 
Group. Effect of two years of strict metabolic control on kidney function 
in long term insulin-dependent diabetes. Diabetic Nephropathy 2: 6-10, 
1983. 

154. The Kroc Collaborative Study Group. Blood Glucose control and the evolution 
of diabetic retinopathy and albuminuria. N Eng J Med 311: 365-372, 1984. 

155. Rasmussen BF, Mathiesen ER, Hegedus L, Deckert T. Kidney function during 12 
months of strict metabolic control in insulin dependent diabetic patients 
with incipient nephropathy. N Engl J Med 314: 665-670, 1986. 

156. Feldt-Rasmussen B, Mathiesen ER, Deckert R. Effects of two years of strict 
metabolic control on progression of incipient nephropathy in insulin
dependent diabetes. Lancet 2: 1300-1304, 1986. 



-6.0-

157. W1seman MJ, Saunders AJ, Keen H, V1bert1 GC. Effect of blood glucose 
control on 1ncreased glomerular f1ltrat1on rate and k1dney s1ze 1n 1nsul1n 
dependent d1abetes. N Engl J Med 312: 617-621, 1985. 

158. Rosenstock J, Strowig S, Raskin P. Insulin pump therapy. A realistic 
appraisal. Clinical Diabetes 3: 25-31, 1985. 

159. Rosenstock J, Friberg T, Raskin P. The effect of glycemic control on the 
microvascular complication in patients with Type I diabetes mellitus. 
Am J Med 81: 1012-1018, 1986. 

160. The DCCT Research Group. Diabetes Control and Complications Tria (DCCT): 
Results of Feasibility Study. Diabetes Care 10: 1-19, 1987. 

161. Giordano C. Protein restriction in chronic renal failure. ·K1dney Int 22: 
401-408, 1982. 

162. Maschio G. Oldrizz1 L. Tess1tore N., D'Angelo A, Valvo E, Lupo A, Loschiavo 
C, Fabris A, Ganmaro L, Rug1o C, Punzetta G. Effects of d1etary protein and 
phosphorus restr1ction in the progression of early renal failure. Kidney 
Int 22: 371-376, 1982. 

163. Mitch WE, Walser M, Ste1nman TI, HillS, ZegerS, Tungsanga K. The effect 
of a keto acid-amino ac1d supplement to a restricted d1et on the 
progression of chronic renal failure. N Eng J Med 311: 623-624, 1984. 

164. Rosman JB, Meijer S. Slu1oter WJ, Terwee PM, Pierts-Becht TPM, Dunder AJM. 
Prospect1ve randomized tr1al of early dietary protein restriction in 
chronic renal failure. Lancet II: 1291-1296, 1984. 

165. Newburgh LH. The production of Bright's disease by feeding high protein 
d1ets. Arch Intern Med 24: 354-377, 1914. 

166. Newburgh LH, Curtis AC. Production of renal 1njury 1n the wh1te rat by the 
protein of the diet. Arch Int Med 42: 801-821, 1928. 

167. Blutherw1ck NR, Medlon EM. Chronic nephritis in rats fed h1gh protein 
diets. Arch Int Med 59: 572-596, 1932. 

168. Lalich JJ, Allen JR. Protein overload nephropathy in rats with unilateral 
nephrectomy. Arch Pathol 91: 372-382, 1971. 

169. Farr LE, Smardel JE. The effect of dietary protein on the course of 
nephrotoxic nephritis in rats. J Exp Med 70: 615-627, 1934. 

170. Seney FD, Persson AEG, Wright FS. Modification of tubuloglomerular 
feedback signal by dietary protein. Am J Physiol 252: F-83-90, 1987. 

171. Brenner BM, Meyer TW, Hostetter TH. Dietary protein intake and the 
progressive nature of kidney disease. N Eng J Med 307: 652-659, 1982. 

172. Meyer TW, Lawrence WE, Brenner BM. Dietary protein and the progression of 
renal disease. Kidney Int 24 (Suppl): 243-247, 1983. 



I 
·I 

! 

I 
.I 

-61-

173. Jamison RL. Dietary protein, glomerular hyperemia, and progressive renal 
failure. Ann Int Med 99: 849-851, 1983. 

174. Neugarten J, Liv D, Feiner H, Schacht R, Chuba J, Baldwin OS. Aggravation 
of experimental diabetic nephropathy by high dietary protein. Clin Res 31: 
438A, 1983. 

175. Zeller K, Raslcin P, Rosenstock J, Jacobson H. The effect of dietary protein 
restriction in diabetic nephropathy: Reduction in proteinuria. Clin Res 
33:503A, 1985. 

176. Ciavarella A, DiMizio G, Stefani S, Borgnino LC, Vannini P. Reduced 
albuminuria after dietary protein restriction in insulin-dependent 
diabetic patients with clinical nephropathy. Diabetes Care 10: 407-412, 
1987. 

177. Cohen D, Dodds R, Viberti G. Effects of protein restriction in insulin
dependent diabetics at rislc of nephropathy. Br Med J, 1987. 

178. Raslcin P, Rosenstock J. Aldose reductase inhibitors and diabetic 
complications. Amer J Med 83: 298-306, 1987. 

179. Gabbay KH. Hyperglycemia, polyol metabolism and the complications of 
diabetes mellitus. Ann Rev Med 26: 521-536, 1978. 

180. Cogan DG, Kinoshita JH, Kadar PF, Robinson WG, Datil is MB, Cabo LM, Kupfer 
c. Aldose reductase and complications of diabetes. Ann Intern Med 101: 
82-91, 1984. 

181. Gillon KRW, Hawthorne JN, Tomlinson DR. Myo-inositol and sorbitol 
metabolism in relation to ·peripheral nerve function in experimental 
diabetes in the rat: the effect of aldose reductase inhibition. 
Diabetologia 25: 365-371, 1983. 

182. Greene DA, Lattimer SA. Impaired rat sciatic nerve sodium-potassium 
adenosine triphosphatase in acute streptozotocin diabetes and its 
correction by dietary ~-inositol supplementation. J Clin Invest 72: 
1058-1063, 1983. 

183. Greene DA, Lattimer SA, Sima AAF. Sorbitol phosphoinositides, and sodium
potassium-AT Pase in the pathogenesis of diabetic complications. N Eng J 
Med 316 : 599-606, 1987. 

184. Greene DA, Lattimer SA. Action of sorbinil in diabetic peripheral nerve: 
relationship of polyol (sorbitol) pathway inhibition to a myo-inositol
med1ated defect in sodium-potassium AT Pase activity. Diabetes 33: 712-
716, 1984. 

185. Judzew1tsch RG, Jaspan JB, Polonsky KS, Weinberg CR, Halter JB, Halar E, 
Pfeifer MA, Valcadinovic C, Berstein L, Schneider M, Liang KY, Gabbay KH, 
Rubenstein .AH, Porte D Jr. Aldose reductase inhibition improves nerve 
conduction velocity in diabetic patients. N Eng J Med 308: 119-125, 
1983. 



' . ' 

. i 

-62-

186. Jaspan J, Maselli R, Herold K, Bartkus C. Treatment of severly painful 
diabetic neuropathy w1th an aldose reductase inhib1tor: reli!!f of pain and 
improved somatic and automatic nerve function. Lancet 2: 758-762, 1983. 

187. Young RJ, Ewing OJ, Clarke BF. A controlled trial of sorbinil, an aldose 
reductase inhibitor in chroniG painful diabetic neuropathy. Diabetes 32: 
938-942, 1983. 

188. Rosenstock J, Challis P, Raskin P. The effect of Sorbi nil on severe 
painful diabetic nephropathy. Diabetes 35(Suppl 2): lOlA, 1986. 

189. Robinson WG Jr, Kader PF, Kinoshita JH. Retinal capillaries: basement 
membrane thickening by gal~ctosemia prevented with aldose reductase 
inhibitor. Science 221: 1177-1179, 1983. 

190. Beyer-Mears A, Ku L, Cohen MP. Glomerular polyol accumulation in diabetes 
and its prevention by oral sorbin11. Diabetes 33: 604-607, 1984. 

191. Beyer-Mears A, Varagiannis E, Cruz E. Effect of sorbinil on reversal of 
proteinuria. Diabetes 34 (Suppl): 402A, 1985. 

192. Goldfarb S, S1rrmons DA, Kern E. Amelioration of glomerular hyperf11tration 
in acute experimental diabetes by dietary myoinsitol and by an aldose 
reductase inhibitor. Clin Res 34: 725A, 1986 • 

193. Kern EO, Sirrmon 0, Goldfarb S. Dietary inos1tol supplement lowers 
glomerular hyperfiltra ti on and norma 11zes glomerular response to captopr11 
in acute experimental diabetes . Kidney Int 31: 387, 1987. 


