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Abstract Microalbuminuria is gen- 
erally accepted to be highly predic- 
tive of overt diabetic nephropathy 
which is the leading cause of end- 
stage renal failure and, consequently, 
of death in patients with type 1 
(insulin-dependent) diabetes mellitus 
(IDDM). Its early identification and 
therapy are exceedingly important. 
We studied prospectively the occur- 
rence of microalbuminuria (MA) in 
relation to puberty and its pubertal 
stages in 164 children and adolescent 
patients (83 girls and 81 boys) with 
IDDM. Analysing 100 healthy sub- 
jects, normal values for albumin 
excretion (range: 0-10.1 gg/min/1.73 
m 2) according to sex and the differ- 
ent pubertal stages were defined. No 
significant difference between the 
groups were noted and, therefore, 20 
~tg/min per 1.73 m 2 (3 SD above the 
mean) was generally defined as cut- 
off for MA. Of the patients with 
IDDM studied, 20% (20 females and 
12 males) developed persistent MA 
(22.1-448.2 ~tg/min/1.73 m 2) during 
the study period of 8 years. The first 
manifestation of persistent MA was 

in 69% (13 females and 9 males) 
during stages of early and midpu- 
berty; and in 28% (6 females and 3 
males) at a late pubertal stage or at 
the end of puberty. The only child 
who developed MA before the onset 
of puberty (range: 23.5-157.4 
gg/min/1.73 m 2) was found to have 
dystopic kidney. Therefore, all pa- 
tients with IDDM should be screened 
for MA regardless of diabetes dura- 
tion, sex and level of diabetes con- 
trol beginning at the very first stage 
of puberty and neither earlier nor af- 
ter puberty as suggested by the 
American Diabetes Association. 

Key words Insulin-dependent 
diabetes mellitus - Childhood 
Microalbuminuria �9 Puberty 
Diabetic nephropathy 

Abbreviations ADA American 
Diabetes Association �9 AER albumin 
excretion rate �9 CV coefficient of 
variation �9 IDDM type I (insulin 
dependent) diabetes mellitus 
MA microalbuminuria (20-200 
gg/min/1.73 m 2) 

Introduction 

Approximately 40% of patients with type 1 (insulin-de- 
pendent) diabetes mellitus (IDDM) develop diabetic 
nephropathy with proteinuria, hypertension and reduced 
glomerular filtration rate leading to end-stage renal dis- 
ease [2]. Mogensen et al. [19] have classified the progres- 
sion of diabetic nephropathy from its onset (stages I and 

II), where only physiological and histological abnormali- 
ties are present, to stage IV, when nephropathy becomes 
clinically overt. Stage III is described as "incipient" dia- 
betic nephropathy; its only manifestation is the present 
microalbuminuria (MA). In addition, MA is generally ac- 
cepted to be highly predictive of overt diabetic nephropa- 
thy [18]. Several studies without exactly focusing on pu- 
berty and the stages itself have suggested that prepubertal 
diabetic subjects are less prone to microvascular compli- 
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cations than postpubertal subjects with equal duration of 
diabetes and the same level of control [7, 15, 20, 23, 24]. 
These findings have raised the possibili ty that hormonal  
changes during puberty may modify the development  of 
diabetic microangiopathy causing both retinopathy and 
nephropathy. 

Therefore, the aim of the present prospective study was 
first to determine the exact occurrence and prevalence of 
persistent M A  in children and adolescents with IDDM, 
second to define the relation of the persistent MA to the 
different pubertal stages, and third to evaluate the current 
concept suggested by the American  Diabetes Associat ion 
(ADA) that screening for M A  should begin only after pu- 
berty [1]. 

Subjects and methods 

Patients 

A total of 164 patients (83 girls and 81 boys) with IDDM regularly 
treated at the University Children's Hospital in Bern were enrolled 
into the study and followed through puberty. Before and during 
puberty there were no drop outs. After the age of 18 years, the di- 
abetic patients were referred to the Adult Diabetic Clinic at the In- 
selspital in Bern where these patients were followed until the end 
of the study period. However, 7 patients (4 girls, 3 boys) left Bern 
and, therefore, no data were available after puberty; consequently, 
we do not know whether they developed MA or not. 

At the beginning of the study, the children studied were prepu- 
bertal, the median age was 10.2 years (range: 5.0-13.5) and the 
range of the duration of diabetes 1-12 years. The treatment con- 
sisted of an age-adapted diabetes regimen and injections of a com- 
bination of short (Actrapid; Novo-Nordisk, Copenhagen, Den- 
mark) and intermediateacting (Insulatard; Novo-Nordisk) insulin. 
At 3 monthly intervals, mean blood pressure, body mass index and 
pubertal stages according Tanner [26] were recorded; in addition, 
glycated haemoglobin, fructosamine and creatinine clearance were 
measured. After puberty some patients were seen in 6 monthly in- 
tervals. Macroproteinuria was exluded by negative results of an 
Albymtest (Boehringer, Mannheim, Germany; sensitivity 150 mg 
protein/l). Metabolic control was usually assessed by urinary glu- 
cose and acetone estimations three to four times a day (Ketodiabur 
5000; Boehringer Mannheim), and by frequent home blood glu- 
cose monitoring (Haemoglucotest, Boehringer). There was no his- 
tory of nephrological disorders; and in patients with MA both ab- 
dominal ultrasound and IgA measurement were performed to ex- 
clude urinary tract malformations and IgA-nephritis respectively. 

Control-subject 

As a reference for sex and their different pubertal stages a cohort 
of 100 children (10 boys and 10 girls for each pubertal stage) were 
studied. Urinary albumin excretion (AER) was measured during 3 
consecutive nights. The exact procedure of 12 h overnight urine 
collection was carefully instructed. 

Methods 

The prospective study lasted for 8 years. It was approved by the 
ethical committee and informed parental consent was obtained. 

Regular measurement of AER at 3 monthly intervals became a 
routine for our patients with IDDM. During the night preceding 

the visit to our outpatient clinic, urine was collected quantiatively 
over a 12 h period in a plastic bottle without preservatives. AER 
was determined by a radioimmunoassay (Pharmacia AB, Uppsala, 
Sweden) with sensitivity of 0.4 mg/1 and an interassay coefficient 
of variation of 7.2% at 3.2 mg/1. AER of 20-200 gg/min per 1.73 
m 2 was considered as MA (see Result section). It is recognized that 
albuminuria may initially be intermittent, or might be related to re- 
markable physical exercise or illness [8, 18-20]. Therefore, persis- 
tent MA was considered when three out of four consecutive AER 
levels were pathologically high and remained at that increased 
level [18]. For the purpose of the current study, we have desig- 
nated the onset of persistent MA as the date on which the first 
pathological value for AER was measured. 

In addition, a morning mid-stream urine specimen was ob- 
tained from each patient. Macroproteinuria was ruled out by A1- 
bymtest and urinary tract infection was excluded by Uricult. 

Plasma creatinine levels determined by the Jaff6 reaction using 
a Greiner G 400 analyser and creatinine clearance was estimated 
from the plasma creatinine concentration and body height mea- 
sured by a Harpenden stadiometer [25]. Stable haemoglobin A1 
(HbA1) was measured chromatographically by a thermostabilized 
microcolumn method (Boehringer Mannheim) after aldimine re- 
moval. The normal range was 5.8%-8% (mean + 1 SD; 6.5 + 0.69) 
with an interassay coefficient of variation (CV) of 4.5%, 3.4% and 
2.6% at HbA1 of 7%, 10% and 16% respectively. HbA1 intra-assay 
CV was 2.6% at 9.8%. The value was corrected for the presence of 
HbF as determined by high-pressure liquid chromatography (Ky- 
oto Daichi). Fructosamine was determined using a commercial kit 
(F. Hoffmann, LaRoche, Basel, Switzerland). This colourimetric 
test is based on the ability of ketoamines to reduce nitroblue tetra- 
zolium in alkaline medium (0.25 mmol/1 NBT in 0.1 mol/1 sodium 
carbonate buffer, pH 10.35 at 25~ The intra-assay CV was 4% 
at 2.0 mmol/1 and 4.5% at 3.1 mmol/1, interassay CV 3.8% at 2.4 
mmol/1 and 2.3% at 4.9 mmol/1. Normal values of fructosamine 
(> 5 years of age) are 1.5-2.4 mmol/1. 

Blood pressure was measured in the supine position on the 
right upper arm using the largest cuff possible [21]. The diastolic 
pressure was noted at disappearance of the Korotkoff sounds 
(phase 5) and the mean arterial pressure was calculated as the di- 
astolic pressure plus one-third of the difference between systolic 
and diastolic pressure. 

Statistics 

For statistical analysis, the paired and unpaired Student's t tests 
were used for parametric data and the Wilcoxon and Spearman 
rank test for non-parametric data. All hypothesis tests were two- 
tailed and were calculated at the 0.05 level of significance. 

Results 

Reference values 

The sex and pubertal stage specific reference values for 
12 h overnight AER were determined in 100 healthy sub- 
jects during three nights in a row and are shown in Table 
1. Significant differences were noted neither between 
male and female nor the groups of different pubertal  
stages. Since the level of the AER did not exceed 10 
~tg/min per 1.73 m 2, a level of 20-200  gg/min  per 1.73 m 2 
was taken to represent MA. This value is 3 SD above the 
mean  AER and is in agreement with literature data as cut- 
off for M A  [18, 19]. 
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Table 1 Normal values of albumin excretion in 12 h overnight 
urine collections for each pubertal stage in 100 healthy controls 

n Sex Pubertal stage Albuminuria 
(gg/min/1.73 m 2) 
Range (median) 

10 F 
10 M 

10 F 
10 M 

10 F 
10 M 

10 F 
10 M 

10 F 
10 M 

B1 0 - 5.8 (2.5) 
G1 0 - 4.9 (4.3) 

B2 0.4- 4.9 (3.3) 
G2 (Testes 3 ml) 0 - 5.2 (2.9) 

B3 0.2- 5.8 (3.5) 
G3 (Testes 6-10 ml) 0.2- 4.4 (2.2) 

B4 0.5- 7.3 (3.2) 
G4 (Testes 12-18 ml) 0 - 5.1 (3.8) 

Adult 1.0-10.1 (3.9) 
Adult 1.2- 9.5 (4.2) 

6" 

�9 Gil 

[ ]  Bc 

4" 

E 

2-  

lm 
0 

B1/G1 B2/G2 B3/G3 B4/G4 B5/G5 

3.1% 12.5% 31,25% 25% 28% 

Pubertal stages 

Fig. 1 First manifestation of persistent MA in 32 patients with 
IDDM and its relation to the pubertal stage 

Table 2 Comparison of mean values (+ SD) of glycated haemo- 
globin (HbAI), fructosamine, creatinine clearance (creat. cl.) and 
mean blood pressure (BP) in two subgroups with and without MA 
derived from the 6 months before and after occurrence of MA 

Albumin excretion rates in patients with IDDM 

The A E R  values  ranged f rom 0 .7-448 .2  Bg/min per  1.73 
m 2 (mean:  15.7). O n e  hundred  and th i r ty- two patients,  
80% from a total  of  164, 76% of  the females  (n: 63; total  
83) and 85% of  the males  (n: 69, total  81) had normal  
A E R  values (0 .5-18.9;  mean: 6.2 gg/min/1 .73 m2). 

Thi r ty- two patients (20%; 20 females  and 12 males)  
deve loped  pers is tent  M A  during the study (22.1-448.2;  
mean:  78.7 gg/min/1 .73 m2). The mean  observat ion  t ime 
of  persis tent  M A  was 4.6 years  (1.2-7.8) .  Ur inary  tract in- 
fect ion and/or  other  specific causes increased A E R  such 
as IgA-nephr i t i s  were  exc luded  [3]. An  A E R  greater  than 
200 gg /min  per  1.73 m 2 (approx imate ly  300 mg/24 h) 
measured  in two out of  three t imed urine col lect ions 
within a 3-month period,  was def ined as macroa lbumin-  
uria and cons idered  indicat ive  of  overt  d iabet ic  nephropa-  
thy [19]. This was the case in one male  patient.  The 
macroa lbuminur ia  deve loped  f rom M A  over  4 years.  

Onset of MA and its relationship to pubertal stages 

Of  the 164 patients studied, 20% (20 females  and 12 
males)  deve loped  M A  during the study period.  The first 
manifes ta t ion  of  M A  was in 69% (13 females  and 9 
males)  during stages of  ear ly and mid-puber ty ;  and in 
28% (6 females  and 3 males)  at a late puber ta l  stage or at 
the end o f  puberty.  F igure  1 presents  the occurrence  of  
M A  according to the different  puber ta l  stages for boys  
and girls. There  was no posi t ive  correla t ion be tween  the 
occurrence  of  M A  and age, sex, durat ion of  diabetes  be-  
fore puber ty  and indices of  diabetes  control.  Only  one 
child (9-year -o ld  girl) deve loped  M A  (range: 23 .5-157 .4  
gg/min/1 .73 m 2) before  the onset  o f  puber ty  and, interest-  
ingly, a dys topic  k idney  was diagnosed.  

and/or identical pubertal stage. The two groups were matched for 
sex, age, duration of diabetes, and duration of diabetes up to the 
pubertal stages at which in one group the first manifestation of di- 
abetes occurred (NS non significant) 

Patients with MA Patients without MA 
inclusive pubertal stage matched with MA group a 

Before MA After MA Before pubertal After pubertal 
(n = 32) (n = 32) stage matched stage matched 

with MA group with MA group 
(n = 32) (n = 32) 

HbAI (%)b 
Fructosamine (mM) b 
Creat. cl. (ml/min/1.73 m2) b 
Mean BP (mmHg) b 

r . . . . . . . . . . . . . . . . . . . .  P = 0.07 . . . . . . . . . . . . . . . . . . . .  1 
r- . . . . . . . . . . . . . . . . . .  NS -~ . . . . . . . . . . . . . . . .  ~ ', 

9.4 (+ 1.3) NS 9.8 (+ 1.4) 9.1 (+ 1.1) NS 9.0 (+ 1.2) 
3.4 (_+ 0.4) NS 3.5 (+ 0.3) 3.2 (+_ 0.5) NS 3.1 (+ 0.5) 

109.7 (+ 11.5) NS 109.6 (+ 11.9) 109.0 (+ 6.1) NS 110.2 (_+ 9.8) 
86.8 (_+ 11.3) NS 89.3 (+ 9.2) 84.6 (+ 5.1) NS 85.9 (_+ 6.8) 

a Matching: i.e. At the age of 12 years, a girl developing MA at the pubertal stage B2 after 5 year duration of diabetes was matched with 
a 12-year-old girl presenting B2 after a duration of diabetes of 5 years but without MA 
b Data: mean + 1 SD 
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Diabetes control and AER relationship 

The patients with persistent MA were compared with a 
group of diabetic patients matched for sex, age, pubertal 
stages and total duration of diabetes. The data are shown 
in Table 2. There was no significant difference between 
mean values of indices of diabetes control such as gly- 
cated haemoglobin and fructosamine, creatinine clear- 
ance, body mass index, and blood pressure from at least 
three measurements derived from the 6-month-period 
prior to and after the first manifestation of MA in patients 
with MA and the matched patients without MA (Table 2). 
It should be emphasized that a slight but not statistically 
significant increase of HbA 1, fructosamine and mean 
blood pressure was found in the patients with MA after 
the development of MA in comparison to the values from 
the preceding 6-month period which was not seen in the 
matched control patient group without MA. In addition, 
the HbA1 values derived from the 6-month period after 
the occurrence of MA were compared with the corre- 
sponding values of the matched control patients. The P 
value was 0.07 and, therefore, the level of significance 
was not attained (Table 2) possibly caused by the tight cri- 
teria of matching which included pubertal stages in rela- 
tion to the duration of diabetes. (i.e: At the age of 12 
years, a girl developing MA at the pubertal stage B2 after 
a 5-year duration of diabetes was matched with a 12-year- 
old girl presenting B2 after a duration of diabetes of 5 
years but without MA). 

Discussion 

This study analysed prospectively the occurrence of MA 
in a group of 164 children and adolescents with IDDM 
over 8 years. Data from previous reports suggested, using 
age-related criteria only, that puberty is a critical period 
for the development of MA and, thus, routine screening 
for MA was also recommended in paediatric diabetes care 
[7, 20]. Since renal disease is the most important correlate 
of mortality in IDDM, early identification and therapy is 
exceedingly important. Therefore, the aim of this study 
was to define the extent of MA by pubertal stage and to 
evaluate the generally accepted guidelines of the ADA 
explicitly suggesting MA screening should begin after 
5 years total duration of diabetes in adults, or just after 
puberty in children [1]. 

In 100 healthy children and adolescents, normal values 
for AER were defined according to sex and different pu- 
bertal stages. No significant difference were noted be- 
tween sex and pubertal stages and, therefore, 20 btg/min 
per 1.73 m 2 (3 SD above the mean) was defined as cut-off 
for MA. Because of its skewed distribution, AER was ex- 
amined compared with body surface area. Since AER is 
known to vary from day to day, sometimes quite signifi- 
cantly [22], multiple determinations are important for 

confirmation of AER and/or persistent MA in controls as 
well as in patients, as was done in our study. 

Most interestingly, in the 164 young and adolescent pa- 
tients with IDDM studied, persistent MA was found in 
20% (n: 32) after the study period of 8 years. MA devel- 
oped in 69% (13 females and 9 males) and in 28% (6 fe- 
males and 3 males) during stages of early and mid-pu- 
berty and at a late pubertal stage, respectively. These data 
underline the fact that screening for MA is to perform nei- 
ther prior to the puberty nor after puberty as recom- 
mended by ADA [1] but that it will be most important to 
perform tedious overnight urine collection soon after the 
onset of puberty (Tanner stage 2) [20, 26]. Furthermore, 
there are commercially available very sensitive, inexpen- 
sive methods suitable for MA screening that use enzyme- 
linked immunoabsorbent assays with both high sensitivity 
and specificity. 

As reported for retinopathy, development of MA be- 
fore the onset of puberty is rare, indicating some influence 
of pubertal development and sexual maturation [4]. 
When persistent MA in IDDM occurs before the onset of 
puberty, another cause such as IgA-nephritis, urinary tract 
infection etc. has to be considered. 

In contrast to adult patients with IDDM, MA in paedi- 
atric patients occurred independently of duration of dia- 
betes emphasizing that years before puberty seem to count 
less than those after [4, 6, 17]. 

Since there is a widespread clinical impression that 
during the pubertal ages diabetic children have poorer 
metabolic control compared to before puberty, it can be 
speculated whether the relation between AER and puberty 
is only an effect of poor metabolic control. In our patients, 
however, we found no significant differences in HbA1 val- 
ues within the two groups of children with and without 
MA. In contrast, comparing glycaemic control in the 6- 
month period after the first manifestation of MA a ten- 
dency towards a significantly poorer control in children 
with MA was found (Table 2). Therefore, although our re- 
sults do establish neither a causal nor a statistically sig- 
nificant relationship between long-term hyperglycaemia 
(HbA 1 and fructosamine as indices of diabetes control, 
Table 2) and nephropathy in the individuals with persis- 
tent MA, they may lend support that better diabetes con- 
trol decreases the likelihood of developing diabetic 
nephropathy or delay its onset. If metabolic control is al- 
ready acceptable consideration should be given to other 
therapies, such as low protein diets and/or angiotensin en- 
zyme inhibitors [5, 10, 27]. These strategies appear to al- 
ter some of the renal haemodynamic factors believed to 
contribute to the albuminuria. 

Cross-sectional studies of patients with IDDM and MA 
have shown elevated blood pressure compared with pa- 
tient with normal AER [14, 29]. In addition, prospective 
studies have demonstrated that progression of MA is as- 
sociated with an increase in blood pressure [9]. The close 
association between systemic blood pressure and MA is 



407 

supported by the fact that acute and long- term reduct ion 
of blood pressure in normotens ive  IDDM patients with 
M A  causes normalizat ion of AER [11, 13]. Which of 
these two variables precedes the other in the development  
of nephropathy is open to debate. In fact, in some studies 
elevated AER preceded an increase in systolic blood pres- 
sure [16], but  other authors reported prior blood pressure 
elevation in patients with IDDM who subsequently devel- 
oped M A  as compared with patients who remained 
normo-a lbuminur ic  [12, 28]. In our patients who devel- 
oped M A  mean blood pressure did not change signifi- 

cantly, bu t  a slight increase was evident.  These  data sup- 
port  the concept  that the increase of the b lood  pressure 
might  be secondary to the pathological  processes in the 
k idney  in  I D D M  patients deve loping  persis tent  M A  
[16]. 

In conclusion,  persistent M A  does occur not only after 
puberty but  also at its very first stage. It is a major risk 
factor for diabetic nephropathy and, consequently, routine 
screening is to be performed soon after the onset of pu- 
berty if primary prevent ion of end-stage renal disease is 
the final aim. 

References 

1. American Diabetes Association, Clini- 
cal Practice Recommendations (1993) 
Standards of medical care for patients 
of diabetes mellitus. Diabetes Care 
[Suppl 2] : 10-13 

2. Andersen AR, Christiansen JS, Ander- 
sen JK, Deckert T (1983) Diabetic 
nephropathy in type I (insulin depen- 
dent) diabetes: an epidemiological 
study. Diabetologia 25 : 496-501 

3. Berg UB, Bohmann SO, Widstam-At- 
torps U (1991) Renal histological 
changes in relation to renal function 
and urinary protein excretion in IgA 
nepllropathy. Arch Dis Child 66 : 
593-597 

4. Burger W, H6vener G, D~isterhus R, 
Hartmann R, Weber B (1986) Preva- 
lence and development of retinopathy 
in children and adolescents with type I 
(insulin-dependent) diabetes. Dia- 
betologia 29 : 17-22 

5. Cook J, Daneman D, Spino M, Sochett 
E, Perlman K, Balfe JW (1990) An- 
giotensin converting enzyme inhibitor 
therapy to decrease microalbuminuria 
in normotensive children with insulin- 
dependent diabetes mellitus. J Pediatr 
117 : 39-45 

6. Coortrod BA, Ellis D, Becker DJ, 
Bunker CH, Kelsey SF, Lloyd CE, 
Drash AL, Kuller LH, Orchard TJ 
(1993) Predictors of microalbuminuria 
in individuals with IDDM. Pittsburgh 
epidemiology of diabetes complica- 
tions study. Diabetes Care 16: 
1376-1383 

7. Dahlquist G, Rudberg S (1987) The 
prevalence of microalbuminuria in di- 
abetic children and adolescents and its 
relation to puberty. Acta Paediatr 
Scand 26 : 795-800 

8. Feldt-Rasmussen B, Baher L, Deckert 
T (1985) Exercise as a provocation test 
in early renal disease in type I (insulin 
dependent) diabetes: albuminuria, sys- 
temic, and renal haemodynamic re- 
sponses. Diabetotogia 28 : 389-396 

9. Feldt-Rasmussen B, Mathiesen ER, 
Deckert T (1986) Effect of two years 
of strict metabolic control on progres- 
sion of incipient diabetic nephropathy 
in insulin dependent diabetics. Lancet 
II: 1300-1304 

10. Feldt-Rasmussen B, Mathiesen ER, 
Jensen T, Lauritzen T, Deckert T 
(1991) Effect of improved metabolic 
control on loss of kidney function in 
type 1 (insulin-dependent) diabetes pa- 
tients: an update of the Steno studies. 
Diabetologia 34:164-170 

11. Hommel E, Mathiesen E, Edsberg B, 
Bahnsen M, Parving HH (1986) Acute 
reduction of arterial blood pressure re- 
duces urinary albumin excretion in 
type I (insulin dependent) diabetic pa- 
tients with incipient nephropathy. Dia- 
betologia 29:211-215 

12. Krolewski AS, Canessa M, Warram 
JH, Laffel LMB, Christlieb AR, 
Knowler WC, Rand LI (1988) Predis- 
position to hypertension and suscepti- 
bility to renal disease in insulin-depen- 
dent diabetes mellitus. N Engl J Med 
318 : 140-145 

13. Marre M, Chantellier G, Leblanc H, 
Guyene TT, Menard J, Passa P (1988) 
Prevention of diabetic nephropathy 
with enalapril in normotensive diabet- 
ics with microalbuminuria. BMJ 297 : 
1092-1095 

14. Mathiesen ER, Oxenboll B, Johansen 
K, Svendsen PA, Deckert T (1984) In- 
cipient nephropathy in type I (insulin- 
dependent) diabetes mellitus. Dia- 
betologia 26 : 406-410 

15. Mathiesen ER, Saurbrey N, Hommel 
E, Parving HH (1986) Prevalence of 
microalbuminuria in children with type 
1 (insulin-dependent) diabetes mellitus. 
Diabetologia 29 : 640-643 

16. Mathiesen ER, Ronn B, Jensen T, 
Storm B, Deckert T (1990) Relation- 
ship between blood pressure and uri- 
nary albumin excretion in development 
of microalbuminuria. Diabetes 39 : 
245-249 

17. Microalbuminuria collaborative study 
group (1992) Microalbuminuria in type 
I diabetic patients. Prevalence and clin- 
ical characteristics. Diabetes Care 15 : 
495-501 

18. Mogensen CE (1987) Microalbumin- 
uria as a predictor of clinical diabetic 
nephropathy. Kidney Int 31 : 673-689 

19. Mogensen CE, Christensen CK, Vit- 
tinghus E (1983) The stages in diabetic 
renal disease: with emphasis on stage 
of incipient diabetic nephropathy. Dia- 
betes 32 [Suppl 2] : 64-78 

20. Mullis P, K6chli HP, Zuppinger K, 
Schwarz HP (1988) Intermittent mi- 
croalbuminuria in children with type 1 
diabetes mellitus without clinical evi- 
dence of nephropathy. Eur J Pediatr 
147 : 385-388 

21.National Heart, Lung and Blood Insti- 
tute (1987) Report of the second task 
force on blood pressure control in chil- 
dren - 1987; task force on blood pres- 
sure control in children. Pediatrics 79 : 
1-25 

22. Price DA, Fielding BA, Davies AG, 
Postlethwaite RJ (1985) Short-term 
variability of urinary excretion in nor- 
mal and diabetic children. Diabetic 
Nephrop 4:169-171 

23. Rowe DJF, Hayward M, Bagga H, 
Betts P (1984) Effect of glycaemic 
control and duration of disease on 
overnight albumin excretion in diabetic 
children. BMJ 289 : 957-959 

24. Salardi S, Cacciari E, Pascuccu MG, 
Giambiasi E, Tacconi M, Tazzari R, 
Cicignanini A, Boriani F, Puglioli R, 
Mantovani W, Donati S (1990) Mi- 
croalbuminuria in diabetic children and 
adolescents. Acta Paediatr Scand 79 : 
437-443 

25. Schwartz GJ, Haycock GB, Edelmann 
CM jr, Spitzer A (1976) A simple esti- 
mate of glomerular filtration rate in 
children derived from body length and 
plasma creatinine. Pediatrics 58 : 
259-263 



408 

26. Tanner JM (1962) Growth at adoles- 
cence, 2nd edn. Blackwell Scientific 
Publications, Oxford 

27. Tuttle KR, Bruton JL, Perusek MC, 
Lancaster JL, Kopp DT, DeFronzo RA 
(1991) Effect of strict glycemic control 
on renal hemodynamic response to 
amino acids and renal enlargement in 
insulin-dependent diabetes mellims. 
N Eugl J Med 324:1626-1632 

28. Viberti GC, Keen H, Wiseman MJ 
(1987) Raised arterial blood pressure in 
parents of proteinuric insulin-depen- 
dent diabetics. BMJ 295:515-517 

29. Wiseman M, Viberti GC, Mackintosh 
D, Jarret RJ, Keen H (1984) Glycemia, 
arterial pressure and microalbuminuria 
in type I (insulin-dependent) diabetes 
mellitus. Diabetologia 14 : 401-405 


