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Summary. Patients with Type 1 (insulin-dependent) diabetes 
without proteinuria were studied to define those patients who 
will later develop persistent proteinuria (more than 0.5 g pro- 
tein/24h). Two investigations were performed; 71 patients 
were studied longitudinally for 6 years and another 227 pat- 
ients were studied cross-sectionally. All were less than 50 years 
of age and had developed diabetes before the age of 40 years. 
At entry into the study they had no proteinuria (Albustix 
method), had normal blood pressure and urinary albumin 
excretion rates < 200 ~tg/min (normal ~< 20 Izg/min). The best 
predictor of persistent proteinuria or an albumin excretion 
rate > 200 ,ug/min was the initial urinary albumin excretion 
rate. During the longitudinal study, seven patients with an uri- 
nary albumin excretion rate of more than 70 ~g/min at the 
start of the study developed persistent proteinuria or an albu- 
min excretion rate > 200 Izg/min. In contrast, only three out 
of the remaining 64 patients with urinary albumin excretion 

rate ~<70 [xg/min developed urinary albumin excretion rate 
> 200 lzg/min. Patients with an urinary albumin excretion 
rate > 70 9g/min are thus at risk of developing diabetic ne- 
phropathy. We designate this stage of renal involvement incip- 
ient nephropathy. Patients with incipient nephropathy were 
further characterized in the cross-sectional study. Compared 
with normoalbuminuric patients, patients with incipient ne- 
phropathy had increased systolic and diastolic blood pres- 
sure, but normal serum creatinine. The glomerular filtration 
rate was higher than normal in patients with incipient ne- 
phropathy though not different from that of normoalbuminu- 
tic patients. 

Key words: Diabetic nephropathy, incipient nephropathy, pro- 
teinuria, urinary albumin excretion rate, glomerular filtration 
rate, blood pressure, Type I diabetes. 

Diabet ic  nephropa thy  is the most  serious complicat ion 
of  Type1 (insulin-dependent)  diabetes [1]. About  
7 years after the onset  o f  persistent proteinuria  50% of  
patients  have died [2]. Anti-hypertensive t reatment  can 
slow, but not prevent,  the deterioration in renal funct ion 
in patients with diabetic nephropa thy  [3, 4]. Preventive 
measures  at a very early stage of  renal involvement,  be- 
fore the onset o f  persistent proteinuria,  might prove 
more  promising. I t  has previously been  suggested that  
patients with no proteinuria,  as est imated by  the Albus- 
tix me thod  but with increased urinary a lbumin  excre- 
t ion rate (UalbV), are those who will later progress to 
diabetic nephropa thy  [5-7]. There is, however,  still no 
agreement  about  the threshold level o f  UajbV that  differ- 
entiates those at risk o f  developing diabetic nephropa-  
thy. 

The  a im of  the present  study was to define and  de- 
scribe those Type 1 diabetic patients who are at risk of  
developing persistent proteinuria.  

Patients and methods 

Longitudinal study 

All patients with Type t diabetes attending the out-patient clinic dur- 
ing a 3-day period in 1974 and who had no proteinuria by the Albustix 
method were recorded. Seventy-one patients fulfilled the inclusion 
criteria of age below 50years, diabetes onset before the age of 
35 years, and duration of diabetes more than 2 years (Table t). Sixteen 
of the patients had increased U~bV (> 20 I.tg/min). 

Cross-sectional study 
Two-hundred and twenty-seven randomly selected patients with 
Type 1 diabetes and no proteinuria using the Albustix method were 
studied. Sixty-seven had elevated UatbV. The patients were less than 
50 years old, developed diabetes before the age of 40 years and had 
been diabetic for more than 5 years (Table 2). 

The patients in the two groups were non-obese (body weight 
<120% of ideal body weighQ, had normal serum creatinine 
(<1201.tmol/1) and diastolic blood pressures less than 95mmHg. 
Patients with a positive urinary bacterial culture (Uricult, Orion, Hel- 
sinki, Finland) were excluded (seven out of 278 patients). 
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Table 1. Initial clinical data on patients in the longitudinal study 
(1974-1980) 

Urinary albumin Sex Age Duration 
excretion M : F (years) of diabetes 
(~tg/min) (years) 

< 20 (n=55) 23:32 29 (13-50) 11 (2-36) 
21- 70 (n= 9) 2 : 7  28 (20-40) 15 (6-32) 
71-200 (n= 7) 4 : 3  31 (22 40) 19 (8-25)" 

Results are expressed as median and range (n= number of patients). 
~' Significant difference from patients with UalbV~20 gg/min (2p< 
0.05) 

Table 2. Initial clinical data on patients in the cross-sectional study 

Urinary albumin Sex Age Duration 
excretion M : F (years) of diabetes 
(p.g/min) (years) 

~< 20 (n= 160) 71:89 33 (18-50) 17 (5-29) 
21- 70 (n= 45) 19:26 29 (19-45) ~ 16 (6-26) 
71 200 (n= 22) 9:13 31 (21-44) 17 (6-30) 

Results expressed as median and range (n = number of patients). 
a Significant difference from patients with Ua~bV ~< 20 p,g/min (2p< 
0.01) 

Laboratory methods 

The patients' urine samples were screened for proteinuria with Albus- 
tix (Boehringer Mannheim, Mannheim, FRG; sensitivity 200-300 
mg/l) to exclude patients with Albustix-positive urine. The albumin 
concentration in the Albustix-negative urine samples was determined 
with the radial immunodiffusion method [9] (sensitivity 3 mg/1), and 
the protein concentration in the Albustix-positive urine samples was 
measured with both the biuret method (sensitivity 500 mg/1) [8] and 
the immunodiffusion method. The upper normal limit for UajbV in our 
laboratory is 20 g,g/min (mean _+2 SD, n= 19). The inter-assay coeffi- 
cient of variation of the urinary albumin determination by immuno- 
diffusion is 5.5%. The intra-individual coefficient of variation on five 
consecutive days of 22 in-patients was 47% (UalbV <20 gg/min). In- 
tra-individual coefficient of variation of UaluV measured on two occa- 
sions with a 2-4months interval (n=114) was 48% (UalbV ~< 
20 gg/min), 58% (UalbV 21-70 gg/min) and 67% (UalbV > 70 ~xg/min). 

Measurements of UalbV were based on 24-h urine samples collect- 
ed at home or in hospital after careful instruction, except for 28 pat- 
ients in the cross-sectional study, whose UalbV was based on measure- 
ments on 4-h urine samples. 

fl2-microglobulin excretion was determined by radioimmunoassay 
(Phadebas, fl~ microtest, Pharmacia Diagnostics, Uppsala, Sweden) in 
the same 28 patients during 4-h collection periods (upper normal limit 
2.1 g/l). The inter-assay coefficient of variation was 10%. 

Glomerular filtration rate was measured after a single intravenous 
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injection of CrSl-EDTA (normal value: 103 _+ 13 ml. min -1.1.73 m 2; 
mean _+ SD) [10]. 

Stable glycosylated haemoglobin (HbAlc) was determined as de- 
scribed previously [11] (references range 4.1%-6.4%). Urinary glucose 
excretion was determined enzymatically. Serum creatinine was mea- 
sured by a reaction rate method of Jaffe which eliminates pseudo- 
creatinines (upper reference limit 120 umol/1 (men) and 100 gmol/l  
(women)). Inter-assay coefficient of variation was 2.5%. Blood pres- 
sure was recorded after 1 h rest in the sitting position in the out-pat- 
ient clinic. Diastolic blood pressure was recorded as Korotkoff 
phase V, 

Definitions 

Persistent proteinuria was defined as a protein excretion of more than 
0.5g/24h on at least four consecutive occasions at intervals of 
2-4 months. UalbV of > 200 p,g/min corresponds to this level of pro- 
teinuria and patients with UalbV > 200 btg/min are therefore grouped 
with those having persistent proteinuria. 

Statistical analysis 

Paired and non-paired t-tests were used for normally-distributed vari- 
ables, and Wilcoxon tests (paired and non-paired) for non normally- 
distributed variables. Regression analyses of log Ua~bV values were 
used. 2 ~ and Fisher's exact tests were used to compare degrees of reti- 
nopathy. Results are given as mean + S D  or median and range re- 
spectively. 

Results 

Longitudinal study 

Of the 71patients, five progressed to an  UalbV > 
200 ug/min and another five developed persistent pro- 
teinuria during the 6-year follow-up period. The most 
striking difference between those patients whose renal 
abnormality progressed and those who did not progress 
was the UalbV at start of the study (Table 3). UalbV in the 
two groups was 87 Ixg/min (range 6-111 btg/min) and 
8gg/min  (range 2-64gg/min), respectively (2p< 
0.001). At entry into the study, there were also smaller 
differences between the two groups with regard to dura- 
tion of diabetes, systolic blood pressure and prevalence 
of retinopathy. 

At entry into the study, seven patients had UaJbV > 
70 gg/min; all progressed to persistent proteinuria or 
UalbV > 200 gg/min (Fig. 1). In contrast, only three out 
of the 64 remaining patients with UalbV ~ 70 gg/min 

Table 3. Initial clinical data on patients developing persistent proteinuria compared with patients not developing persistent proteinuria 

Patients with Age Duration Initial urinary Serum Systolic Diastolic 
(years) of diabetes albumin excretion creatinine blood pressure blood pressure 

(years) (ag/min) (~xmol/1) (mmHg) (mmHg) 

Retinopathy 
(%) 

Persistent proteinuria or 31 ___ 10 17 _+ 6 
UalbV > 200 .ug/min (n = 10) 

UalbV ~< 200 .ug/min (n= 61) 31+10 13_+8 

87 (6-111) b 83 _ 12 130+ 19 a 83 + 10 90 a 

8 ( 2 - 6 4 )  79+14 122+ 9 80+ 8 41 

Figures given are median (range) or mean + SD. 
a 2p< 0.05 Significant difference from the population who did develop persistent proteinuria or UalbV > 200 ug/min; 
b 2p < 0.001 Significant difference from the population who did not develop persistent proteinuria or UajbV > 200 Ixg/min. 
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Fig.1. Urinary albumin excretion r a t e  (Ualb V) before (1974) and at 
follow-up (1980) in 71 patients with Type1 diabetes. | =patients 
who developed persistent proteinuria 
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developed UalbV >200 gg/min  and none developed 
persistent proteinuria. On the basis of this result, we 
classified the seven patients with UalbV of 71-200 bg /  
min as having 'incipient nephropathy'. At the start of 
the study, the group of patients with incipient nephrop- 
athy had longer duration of diabetes (Table 1) and high- 
er systolic blood pressure (Table 4) than the normoalbu- 
minuric group. All patients with incipient nephropathy 
had diabetic retinopathy. 

Systolic blood pressure increased significantly in all 
three groups of patients (~< 20, 21-70, 71-200 ~tg/min) 
during the study (Table 4). Diastolic blood pressure in- 
creased in patients with Ua]bV > 21 ~tg/min, but most 
obviously in patients with incipient nephropathy. The 
initial blood pressure of patients who progressed to in- 
cipient nephropathy was not different from that of 
patients who did not progress (120/76 versus 
121/81 mmHg). Serum creatinine increased in all three 
patient groups. Retinopathy was present in all the pat- 
ients with incipient nephropathy at the beginning of the 
study, but in only 40% of the normoalbuminuric pat- 
ients. The prevalence of retinopathy increased in both 

Table 4. Urinary albumin excretion at the start of the longitudinal study and 6 years later in relation to serum creatinine, blood pressure, and reti- 
nopathy 

Urinary albumin Urinary albumin excretion 
excretion (~g/min) 

(~tg/min) Start of 6 years 
study later 

Serum creatinine Blood pressure Retinopathy 
(~mol/1) (mmHg) (%) 

Start of 6 years Start of 6 years Start of 6 years 
study later study later study later 

~<20 (n=55) 8 (2- 19) 14 (2-1547) c 81-+13 

21-70 (n=9) 26(21- 64) 56 (3- 188) 70+12 ~ 

71-200 (n= 7) 91 (76-111) 570 (209-1451) b 82_+ 13 

88_ 18 b 122_ 11 131 + 16 c 40 67 ~ 
81_+ 8 82_+ 9 

86-+ 8 b 115-+11 134• b 56 89 ~ 
70•  8 a 77• 9 

108-+30 134• a 160• b 100 ~ 100 
87• 5 108_+ 8 ~ 

Results expressed as median (range) or mean + SD. 
a 2 p < 0.05 Significant difference from patients with Ua~bV ~< 20 p~g/min; 
c 2 p <  0.01 Significant difference from start of study 

b 2 p < 0.05 Significant difference from start of study; 

Table 5. Cross-sectional study: urinary albumin excretion in relation to HbAlo, urinary glucose excretion, serum creatinine, blood pressure, glo- 
merular filtration rate, urinary flz-microglobulin excretion and retinopathy 

Urinary Median HbAIo Urinary Serum Systolic Diastolic Glomerular Urinary No. of patients with 
albumin urinary glucose creati- blood blood filtration fl2-micro- retinopathy 
excretion albumin nine pressure pressure rate globulin 

excretion excretion 
(~g/min) (~g/min) (%) (g/24h) (l.tmol/1) (mmHg) (mmHg) (ml.min -1 (~tg/min) None Back- Prolif- 

�9 1.73 m -z) ground erative 
(%) (%) (%) 

-<.< 20 (n=160) 6 8.9• 13(0-266) 83+11 124• 79•  122• 80+39 45 47 8 
(n = 13) (n = 13) 

21- 70 (n= 45) 32 9.3• 22(0-171) 81• 123_+12 79• 126+22 113_+68 44 47 9 
(n = 8) (n = 8) 

71-200 (n= 22) 92 9.7• 40(0-140) 82• 131+11 a 85___78 125• 93• 23 55 23 a 
(n=13) (n=13) (n=7) (n=7) 

Values for urinary albumin excretion and urinary glucose excretion are not normally distributed and are given in median (range); the other values 
aremean +SD(n=numberofpat ients) .  a 2p<0.05significantdifferencefrompatientswithUalbV~<201~g/min; b 2p<0.01significantdif- 
ferent from patients with Ua~bV ~< 20 l~g/min 
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Fig. 2. Urinary albumin excretion (Ualb V) rate in 
227 patients with Type 1 diabetes (cross-sectional study) 
and Albustix-negative urine as a function of duration of 
diabetes. The medians are indicated by horizontal lines 

the normoalbuminuric group and in the group with 
UalbV 21-70 ~tg/min. 

Cross-sectional study 

Patients with incipient nephropathy were further char- 
acterized in the cross-sectional study (Table 2 and 5). 
The age of the patients with Ua~bV > 20 lxg/min was a 
little lower, but otherwise no significant difference was 
found between the normo- and the hyperalbuminuric 
groups (21-70 plus 71-200 9g/rain) with respect to in- 
sulin requirement (not shown), duration of diabetes, se- 
rum creatinine (Table 5) or urinary glucose excretion. In 
the group of patients with incipient nephropathy, both 
systolic and diastolic blood pressures were significantly 
higher than in normoalbuminuric patients (Table 5). 
HbAlc was significantly higher in the hyperalbuminuric 
group (>  20 ~g/min) and a weak correlation was found 
between HbAlc and log UalbV (r=0.16, p<0.01, 
n = 227). UalbV was not correlated with degree of glycos- 
uria. Twenty-three per cent of the patients with incipient 
nephropathy had proliferative retinopathy compared 
with 8% of the normoalbuminuric patients (2p < 0.05). 
Ua]bV in the group with UalbV < 70 ~xg/min was the 
same in patients with (9 ~g/min, range 3-60 ~g/min) as 
in patients without (9 ~g/min, range 3-68 ~g/min) pro- 
liferative retinopathy. Ualb V was independent of dura- 
tion of diabetes in those patients with Ua~bV 0-200 pg/ 
min (Fig. 2). 

Glomerular filtration rate was measured in 16 males 
and 12 females with a mean age of 32years (range 
21-44years) and a mean duration of diabetes of 
19 years (range 7-33 years). The mean glomerular filtra- 
tion was 124 ___ 17 ml- min-  i. 1.73 m -  2 which is signifi- 
cantly higher than normal (2p<0.001). There was no 
difference in glomerular filtration between the nor- 
moalbuminuric and the hyperalbuminuric groups. Uri- 
nary/32-microglobulin concentration was in the normal 
range, and there was no difference between the groups. 

D i s c u s s i o n  

The coefficient of variation of UalbV is considerable [12, 
13]. We found a coefficient of variation of 47% in pat- 
ients who collected 24-h urine samples in hospital after 
careful instruction. These patients were familiar with 
24-h urine collection for determination of glucose 
excretion. The variation in albumin excretion expressed 
as a percentage of creatinine excretion was of the same 
order of magnitude as when expressed in pg/min. This 
suggests that the high coefficient of variation is not due 
to insufficient collection. We also checked that albumin 
was not lost due to adsorption to the container or due to 
freezing and storage (data not shown). The coefficient 
of variation in UalbV in young patients with Type 1 dia- 
betes during standardized conditions with the patients 
recumbent for 1-2 h was 42%. The correlation between 
Ua~bV measured in 24-h urine samples and in urine sam- 
ples collected during standardized conditions in the su- 
pine position for 1 -2h  was high (r=0.93, p<0.001, 
n = 30, y =  0.94x + 1.67; B. Feldt-Rasmussen, personal 
communication). This suggests that physical activity 
does not play a major role in the high coefficient of vari- 
ation. It is therefore likely that the high variation in 
Ua~bV is real and not due to methodological factors. 

Viberti et al. [14] found a high correlation between 
HbAlc and UalbV in patients with Type 1 diabetes and 
UalbV between 4 and 80 ~g/min. They included patients 
in very poor metabolic control. Our patients did not in- 
clude such subjects and the variation in metabolic con- 
trol seems to account for little of the variation in UalbV 
in the present study ( r  2 = 0.026). 

In the report by Viberti et al. [6] of 63 patients with 
Type 1 diabetes, seven out of eight patients with Ua~bV 
> 30 ~tg/min developed persistent proteinuria during a 
14-year follow-up period compared with two out of 
55patients with UalbV ~<30~xg/min. In the present 
study, all seven patients with UalbV < 70 9g/rain at en- 
try into the longitudinal study progressed to persistent 
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proteinuria or UalbV > 200 ~tg/min. In contrast, only 
three out of the 64 other patients increased the UalbV to 
> 200 ~tg/min. Mogensen et al. [7] found a mean annual 
increase in UalbV of 25 ~tg/min during a 6-year period in 
patients with initial UalbV between 15 and 300 ~tg/min. 
We found a mean annual increase of UalbV of 12 ~tg/ 
rain in the hyperalbuminuric (> 20 ~tg/min) and 0.7 gg/  
rain in the normoalbuminuric (~< 20 ~tg/min) patients. 

In the cross-sectional study, UatbV was independent 
of duration of diabetes (Fig. 2) and independent of pres- 
ence of proliferative retinopathy in patients with UalbV 
< 70 .ag/min. Thus prolonged duration of diabetes and 
presence of proliferative retinopathy are not automati- 
cally coupled to increased UalbV. 

Urinary albumin excretion is of glomerular origin 
since the excretion rate of fl2-microglobulin, an index of 
tubular function, was normal, as also shown previously 
[7,14]. 

It is worthy of note that glomerular filtration rate 
and blood pressure were the same in the patients with 
an abnormal urinary albumin excretion rate of 
20-70 ~tg/min as they were in the diabetic patients who 
were completely normoalbuminuric (Table 5). This ob- 
servation suggests that neither a fall in glomerular filtra- 
tion nor a rise in blood pressure are of major primary 
pathogenic importance for the rise in UalbV seen in the 
early stage of diabetic nephropathy. 

Patients with incipient nephropathy had signifi- 
cantly higher systolic and diastolic blood pressures 
compared with patients with normal Ua~bV. This con- 
firms previous findings [2, 7]. However, at the start of 
the longitudinal study the blood pressure of patients 
who progressed to incipient nephropathy was not dif- 
ferent from those who did not. Serum creatinine was 
normal and glomerular filtration higher than normal in 
incipient nephropathy confirming earlier results [15]. 
The decline in glomerular filtration in diabetic ne- 
phropathy is thus preceded by rises in UalbV and blood 
pressure.  

In conclusion, patients with Type I diabetes who 
still have an Albustix-negative urine, but a Ua~bV > 
70 Jxg/min, constitute a group with a high risk of devel- 
oping persistent proteinuria or U~lbV > 200 lxg/min. We 
therefore classified these patients as having incipient 
nephropathy. They are also characterized by having ele- 
vated systolic and diastolic blood pressures, but normal 
serum creatinine levels and increased glomerular filtra- 
tion. Most also have retinopathy. Studies are needed to 
eludicate the pathogenesis of the leakage of albumin in- 
to the urine and of the elevated blood pressure in in- 
cipient nephropathy. 
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