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SUMMARY The urinary extraction of albumin, retinol binding protein, and N-acetyl-,-D-
glucosaminidase were studied in 60 children with insulin dependent diabetes mellitus and in 45
normal children to find out whether the renal tubules played a part in causing the early increase in
urinary excretion of albumin that occurs in diabetes mellitus. Two overnight urine samples were
collected and the protein excretion measured and expressed as the geometric mean of the protein
to creatinine ratio (urinary albumin:creatinine ratio, urinary retinol binding protein:creatinine
ratio, and urinary N-acetyl-13-D-glucosaminidase:creatinine ratio, respectively). The excretion of
all three proteins was significantly higher in the diabetic children with 15 (25%) of urinary
albumin:creatinine ratio, 16 (27%) of urinary retinol binding protein:creatinine ratio, and
43 (72%) of urinary N-acetyl-j3-D-glucosaminidase:creatinine ratio values being above the
normal range. Significant correlations were observed between urinary albumin:creatinine ratio
and urinary retinol binding protein:creatinine ratio, urinary albumin:creatinine ratio and urinary
N-acetyl-,3-D-glucosaminidase:creatinine ratio, and urinary retinol binding protein:creatinine
ratio and urinary N-acetyl-j-D-glucosaminidase:creatinine ratio. There were also significant
correlations between glycated haemoglobin lc (HbA,,) and these proteins, especially N-acetyl-13-
D-glucosaminidase. No correlations were observed with the fractional excretion of sodium, flow
rate of urine, glomerular filtration rate, or blood pressure.
These data show that tubular abnormalities are present early in the course of insulin dependent

diabetes mellitus and suggest that the early increase in urinary excretion of albumin may be at
least partly tubular in origin, and that glycaemic control may influence this aspect of proximal
tubular function.

Raised urinary excretion of albumin has been
reported in 10-20% of children with insulin depen-
dent diabetes mellitus.'-4 The importance of this
remains unclear, however, and the finding of a high
within individual variability of urinary excretion of
albumin in both normal and diabetic children,5 and
a possible association with the degree of immediate
metabolic control in the diabetics, increases the
problems of understanding its pathogenesis.
The excessive excretion of protein that charac-

terises overt diabetic nephropathy is generally
thought to be caused by increased glomerular
permeability to protein, and it has been assumed
that the variably raised urinary excretion of albumin
that occurs early in diabetes is caused by a milder
degree of the same pathogenic mechanism.6 7 The
reasons for this assumption include the fact that

glomerular filtration rate is raised early in the course
of insulin dependent diabetes mellitus,8 9 the fact
that antihypertensive drugs decrease urinary excre-
tion of albumin in both diabeticsl' and patients with
essential hypertension,1' and the morphological
alterations in the structure and biochemistry of the
diabetic glomerular basement membrane early in
the course of the disease.'2 13

This interpretation of the early rise in the urinary
excretion of albumin depends on the assumption
that tubular fractional reabsorption of filtered albu-
min is unchanged. The presence of low molecular
weight proteinuria undermines that assumption
because it is caused by tubular dysfunction that
might also impair the reabsorption of albumin.'4

Urinary P2 microglobulin is the principal low
molecular weight protein that has been investigated
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in diabetic nephropathy. Results have been conflict-
ing but the general conclusions were that although
there may be an acute increase in P2 microglobin
excretion in poorly controlled diabetes, tubular
impairment is important only in more advanced
disease. 15-18

Raised urinary excretion of retinol binding protein
and N-acetyl-,3-D-glucosaminidase have been noted
in association with damage to the renal tubules.'9
Urinary excretion of retinol binding protein (a low
molecular weight protein) correlates with that of 12
microglobin in renal disease,20 and recently was
found to be raised in 15% of diabetic adults even
without microalbuminuria.21 N-acetyl-13-D-glucos-
aminidase (a lysosomal enzyme originating from
the proximal renal tubule cell) is not filtered by
the glomerulus, but is liberated into the tubular
lumen with proximal tubular damage. Increased
levels in the urine have been reported in diabetic
children both with and without evidence of nephro-
pathy.22
The aims of this study were firstly to investigate

the urinary excretion of albumin, retinol binding
protein, N-acetyl-13-D-glucosaminidase, and 12
microglobin, and the associations among these
proteins in the urine of normal and diabetic children,
and secondly to investigate the association between
glomerular haemodynamics and the excretion of
these proteins. Thirdly we examined the associa-
tions between urinary excretion of these proteins
and other measurements of tubular function and
metabolic control.

Patients and methods

Sixty children and adolescents attending the diabetic
clinics at the Hospital for Sick Children were
investigated. Their mean age was 13-1 years (range
4-5-19) and the mean duration of their diabetes was
seven years (range six months to 16/2 years); 16 of
the children were prepubertal, 17 in early puberty,
and 27 in late puberty; there were 27 boys and 33
girls. None had evidence of urinary infection at the
time of study. Concentrations of proteins in the
urine were measured in all children as was the blood
pressure; measurement of glomerular filtration rate
was carried out in 44.

Excretion of proteins in the urine was investigated
in 45 normal children, mean age 13-3 years (range
4.817). Control subjects for the studies of glomeru-
lar filtration rate comprised 15 normal adolescents
and young adults with a mean age of 24-9 years
(range 17-33) recruited from hospital staff and
friends. The study was approved by the ethical
committee of the Hospital for Sick Children.

Concentrations of albumin in the urine were

measured by radioimmunoassay using a commer-
cially available kit (Diagnostic Products Corpora-
tion); concentrations of retinol binding protein in
the urine by an enzyme linked immunosorbent assay
(ELISA) using rabbit antisera (Dako Ltd);23 and
the activity of N-acetyl-p-D-glucosaminidase in the
urine by an automated colourimetric method using
p-Nitrophenyl-N-acetyl-13-D-glucosamide (Sigma
Chemical Co) as substrate.24 Urinary creatinine was
measured by the Jaffe reaction. Excretion of protein
in the urine was expressed as the geometric mean
of the ratio of the protein concentration to that
of creatinine in two consecutive overnight urine
samples (urinary albumin:creatinine ratio in
mg/mmol; urinary retinol binding protein:creatinine
ratio in ,ug/mmol; and urinary N-acetyl-,B-D-
glucosaminidase:creatinine ratio in iimol of p-nitro-
phenylic acid/hour/mmol). P2 microglobin was
measured by an ELISA in single random morning
urine specimens collected during water diuresis
placed immediately in sodium bicarbonate, and then
frozen at -20°C. Results were also expressed as a
concentration ratio with respect to creatinine (urinary
12 microglobulin:creatinine ratio, in ig/mmol), and
these are given only for the diabetic children.
Glomerular filtration rate was measured during a

constant infusion of 5'chromium edetic acid under
conditions of water diuresis with spontaneous void-
ing of urine.25 Estimates of glomerular filtration rate
were rejected if one or more individual clearances
differed from the mean by more than 15%. Accept-
able estimates of glomerular filtration rate were
obtained in 41 of the 44 children studied.
Blood pressure was measured using a random

zero sphigmomanometer with the child seated.
Results were expressed as standard deviation scores
standardised against the 1987 Task Force data for
blood pressure in normal children.26

Urinary sodium and plasma sodium concentra-
tions were measured by flame photometry. Frac-
tional excretion of sodium measured in the diabetic
children was calculated from the formula: fractional
excretion of sodium= (urinary sodium/plasma
sodium concentration)/(urinary creatinine/plasma
creatinine concentration). In addition, as plasma
sodium and creatinine concentrations were not
measured in the normal children, the urinary
excretion rates of sodium were compared in normal
and diabetic children (mmol/minute).

Glycated haemoglobin lc (HbA,c) was measured
by electrophoresis, the normal range being 5-8%.
Computation and statistical analysis were done

using the Statistical Analysis System (SAS Institute
Inc). Urinary albumin:creatinine ratio, urinary re-
tinol binding protein:creatinine ratio, urinary N-
acetyl-13-D-glucosaminidase:creatinine ratio and
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urinary (2 microglobulin:creatinine ratio were shown
to be logarithmically normally distributed by normal
order plots.5 Results were therefore transformed
logarithmically before analysis. The unpaired Stu-
dent's t test, linear regression by the least square

method, and multiple regression, were used to
analyse the data.

Results

Geometric means (range, 2 SD) for urinary albu-
min:creatinine ratio, urinary retinol binding pro-
tein:creatinine ratios, and urinary N-acetyl-(3-D-
glucosaminidase:creatinine ratios were significantly
higher in diabetic compared with normal children
(table 1). In the diabetic children, 15 (25%) of
urinary albumin:creatinine ratio, 16 (27%) of urinary
retinol binding protein:creatinine ratio, and 43
(72%) of urinary N-acetyl-f-D-glucosaminidase:
creatinine ratio values were more than two standard
deviations above the mean for the normal children.
Mean (SD) glomerular filtration rate in the

diabetic children was 129 (19) ml/minute/1-73 m2
surface area, which was significantly greater than
109 (13) (p<0-001) in the control subjects (table 2),
and (30%) had values about the normal range. The
mean diastolic (but not systolic) blood pressure
standard deviation score was significantly raised in
the diabetic children, as was the urinary flow rate
but not the sodium excretion (table 2).

Significant positive correlations were found be-
tween urinary albumin:creatinine ratio and uri-
nary retinol binding creatinine:creatinine ratio
(r=0-67, p<0-0001), urinary albumin:creatinine ratio
and urinary N-acetyl-(3-D-glucosaminidase:creatinine
ratio (r=0-55, p<00001), and urinary retinol bind-
ing creatinine:creatinine ratio and urinary N-
acetyl-,B-D-glucosaminidase:creatinine ratio (r=0-70,
p<O-OOOl) (figs 1, 2, and 3). In 39 of the random
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Fig 1 Scattergram ofurinary albumin:creatinine ratio and
urinary retinol binding protein:creatinine ratio (data
transformed logarithmically). Correlation coefficient is 0-67
(p<O0OOOJ).

Table 1 Geometric means (ranges-2 SD) for measurements of protein excretion in children with insulin dependent
diabetes mellitus and normal children

Diabetic Normal p
children children Value
(n=60) (n=45)

Urinary albumin:creatinine ratio (mg/mmol) 0-72 (0-08-6.9) 0-41 (014-1-17) <0-001
Urinary retinol binding protein:creatinine ratio (,ug/mmol) 8 5 (1.0-74-0) 3-8 (1.0-15-1) <0-001
N-acetyl-fi-D-glucosaminidase:creatinine ratio
(rmol p-nitrophenylic acid/hour mmol) 39-8 (5.5-238) 6-8 (1.8-25-0) <0-001

Table 2 Mean (SD) urine flow rate, fractional excretion of sodium, sodium excretion rate, blood pressure standard
deviation scores, glomerular filtration rate in children with insulin dependent diabetes mellitus and normal children

Diabetic Normal p
children children Value
(n=60) (n=45)

Urinary flow (ml/minute) 0-77 (0.44) 0-41 (0-23) <0-001
Fractional excretion of sodium (%) 0-53 (0-35) Not measured
Sodium excretion rate (mmol/minute) 0-06 (0.04) 0-05 (0.03) NS
Systolic blood pressure standard deviation score +0-15 (0-65) Not measured NSt
Diastolic blood pressure standard deviation score +0-51 (0-82) Not measured <0-Olt
Glomerular filtration rate (ml/minute/1-73 m2 surface area) 129 (19)* 109 (13)t <0-001

*n=41; tn=15; Icompared with the 1987 Task Force data for blood pressure in normal children.26
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Fig 2 Scattergram ofurinary albumin:creatinine ratio and
urinary N-acetyl-f3-D-glucosaminidase:creatinine ratio
(data transformed logarithmically). Correlation coefficient
is 055 (p<O0OOOI).
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Fig 3 Scattergram ofurinary retinol binding
protein:creatinine ratio and urinary
N-acetyl-pf-D-glucosaminidase: creatinine ratio (data
transformed logarithmically). Correlation coefficient is 0 70
(p<0o*OOO).

urine samples from the diabetic children, the pH
was between 6-5 and 9.5. In these samples, the
correlation between urinary 12 microglobulin:
creatinine ratio and urinary retinol binding protein:
creatinine ratio was highly significant (r=0-68,
p<O0OOOl).

Concentrations of all three proteins correlated
weakly but significantly with age in diabetic but not
in normal children, and there was a weak correlation
between duration of disease and urinary N-acetyl-13-
D-glucosaminidase:creatinine ratio but not with the
other proteins (table 3). In the diabetic children,
HbAjc concentrations correlated with all three
proteins (table 3). As age correlated with both
HbA1c concentration and excretion of the proteins,
this was held constant by multiple regression analysis;
the association between protein excretion and HbA1c
concentration remained significant for all three
proteins.
When the association between urinary albumin:

creatinine ratio and glomerular filtration rate was
studied it was found that although there was no
significant correlation between them (r=0-29, NS),
seven of 10 diabetic children who had urinary
albumin:creatinine ratio above the the normal range
also had glomerular filtration rate above the normal
range (p<0001, x2). There was no association
between urinary retinol binding protein:creatinine
ratio or urinary N-acetyl-13-D-glucosaminidase:
creatinine ratio and glomerular filtration rate, or
between blood pressure and urinary excretion of any
of the proteins. There was no correlation between
urinary excretion of proteins and urinary flow rate
or fractional excretion of sodium in either the
diabetic or the normal children.

Discussion

We have found that children and adolescents with
insulin dependent diabetes mellitus have significantly
raised urinary excretion of albumin, retinol binding
protein, and N-acetyl-fp-D-glucosaminidase. The
good correlation between the excretion of all three

Table 3 Correlation coefficients for relationships between urinary albumin:creatinine ratio, urinary retinol binding
protein:creatinine ratio, urinary N-acetyl-1-D-glucosaminidase:creatinine ratio and age, duration of disease and mean
HbAlc concentration

Urinary Urinary retinol Urinary
albumin:creatinine binding protein:creatinine N-acetyl-f3-D-glucosaminidase:
ratio ratio creatinine ratio

Mean age 0.35* 0.35* 0.50***
Mean duration of disease 0-08 0-27 0-39**
Mean HbA1, concentration 0.34* 0-36* 0.57***

*p<o-017 **p<0-00.o ***p<O0.ol .

9 I 9:5

*:0 .
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proteins in the diabetic children suggests that the
increased urinary excretion of albumin may, at least
in part, be caused by proximal tubular dysfunction.
The main evidence that the early increase in

urinary excretion of albumin in diabetes is of
glomerular origin is that it is not paralleled by an
increase in tubular proteinuria, particularly 12
microglobin.7 Several studies in adults with insulin
dependent diabetes mellitus have shown normal
24 hour urinary excretion of this protein' l8 and
reported abnormalities have usually been associated
with ketoacidosis,27 poor metabolic control,28 or
exercise. 29 One reason for these conflicting results is
likely to be the instability of P2 microglobin in acid
or extremely alkaline urine, and in the presence of
pyuria, making it an unsuitable marker for assessing
tubular dysfunction unless the patient is given an
oral alkali before and during the period of urine
collection.30 An alternative method (which we
undertook in this study) is to collect urine samples
during water diuresis and immediately place them in
sodium bicarbonate. We confirmed the results of
Bernard et al,20 who also found a good correlation
between excretion of 12 microglobin and retinol
binding protein in random samples of urine from
diabetic children.
Few other low molecular weight proteins have

been investigated in diabetes. Raised concentrations
of retinol binding protein have been reported in
diabetic adults,21 and Walton et al recently found
raised urinary excretion of al microglobulin and x
light chains in diabetic children, and good correla-
tions between them.3' Contrary to our findings, they
found no increase in urinary excretion of albumin in
diabetic compared with normal children. However,
although the amounts of albumin in the urine which
they found in the diabetic children were similar to
ours, the amounts in their normal children were
higher than those found by most investigators
(including ourselves).1 25 In addition, the mean age
of and duration of disease in the diabetic children
that they studied were significantly lower than ours.
The correlation between the concentration of

HbAjc and excretion of the three proteins
raises the possibility that poor glycaemic control
may be important. The good correlation reported by
Watanabe et a122 between N-acetyl-p-D-gluco-
saminidase activity and urinary glucose concentration
would support the experimental evidence that
secretion of the enzyme by cultured fibroblasts
correlates with the amount of glucose metabolised
by the cells.32 Glycosuria has been associated with
alterations in tubular transport of sodium, calcium,
and phosphate,33 and could alter the transport of
low molecular weight proteins such as retinol bind-
ing protein. Furthermore, competition has recently

been reported between uptake of albumin and P2
microglobin in rats, suggesting that tubular re-
absorption of small and large molecules may not
take place through distinct pathways as is currently
thought.
Although the flow rate of urine was increased in

the diabetic children, we found no correlation with
urinary excretion of protein. This is in accordance
with the experimental work that has shown that
reabsorption of phosphate, which is also decreased
in diabetes,35 is linked to absorption of glucose
directly and is not a non-specific osmotic intra-
luminal effect. No change in reabsorption of phos-
phate is observed if mannitol is substituted for
glucose.35
We found no correlations between excretion of

the proteins and fractional excretion of sodium or
the excretion rate of sodium; this was also reported
by Ditzel et al.33 We also found no correlations
between glomerular filtration rate or blood pres-
sure, or excretion of either retinol binding protein or
N-acetyl-p3-D-glucosaminidase. Although no linear
correlation was found, however, a threshold associa-
tion does exist between urinary albumin:creatinine
ratio and glomerular filtration rate, as we have
reported previously.25

In conclusion, our data demonstrating increased
excretion of retinol binding protein and N-acetyl-fi-
D-glucosaminidase in association with positive
correlations with urinary albumin:creatinine ratio in
children with insulin dependent diabetes mellitus
indicate that renal tubular function is impaired early
in the course of the disease, and may be at least
partly the cause of the early abnormal urinary
excretion of albumin. Whether the tubular abnor-
malities are purely functional requires further study
of the mechanisms of tubular absorption in both
normal and diabetic subjects.
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