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Abstract

Aims/hypothesis. Early detection of risk of microal-
buminuria could prevent early renal damage. We in-
vestigated whether urine retinol binding protein and
N-acetyl-glucosaminidase could predict the risk of
microalbuminuria in a large cohort of children fol-
lowed from diagnosis of Type I (insulin-dependent)
diabetes mellitus.

Methods. Subjects under 16 years of age within a geo-
raphically defined region were recruited at diagnosis
of Type I (insulin-dependent) diabetes mellitus. An-
nually, albumin-, retinol binding protein- and N-acet-
yl-glucosaminidase- to creatinine ratios were each
measured in 3 urine samples.

Results. A total of 511 subjects were followed for a
median of 6 years (range: 1-14). Microalbuminuria
(males: > 3.5 mg/mmol; females: > 4.0 mg/mmol, in 2
out of 3 urines) developed in 78 subjects (36 male).
The cumulative probability of microalbuminuria was
40% after 12 years duration of diabetes. Retinol-
binding-proteinuria  (men: > 21 pg/mmol; women
> 33 ug/mmol) developed in 217 subjects (152 men).
The cumulative probability of retinol-binding-pro-
teinuria was 67 % after 12 years duration of diabetes.

The cumulative probability of retinol-binding-pro-
teinuria was 40 % before the onset of microalbumin-
uria and 59 % in subjects who did not subsequently
develop microalbuminuria. Retinol-binding-pro-
teinuria developed at a higher rate with increasing
HbA, . than microalbuminuria. N-acetyl-glucosami-
nidase-uria (males: > 56 umol-pnp - h™ - mmol™; fe-
males: >46 umol-pnp - h! - mmol™) developed in
477 subjects. The cumulative probability of N-acetyl-
glucosaminidase-uria was 98 % after 10 years of dia-
betes duration. The cumulative probability of N-acet-
yl-glucosaminidase-uria was 73 % in the years before
the onset of microalbuminuria and 97 % in subjects
without microalbuminuria. The probability of N-
acetyl-glucosaminidase-uria was 99 % with an HbA,
greater than or equal to 14.5%.
Conclusions/interpretation. Raised amounts of urine
retinol binding protein and N-acetyl-glycosaminidase
are related to HbA,_ and the duration of diabetes.
They occur in the majority of subjects and are not
early markers for the risk of microalbuminuria. [Dia-
betologia (2001) 44: 224-229]
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Macroalbuminuria represents an advanced stage of
diabetic renal injury [1]. Microalbuminuria, defined
as an albumin excretion rate between 20-200 pg/
min could predict the development of overt neph-
ropathy in adults with Type I (insulin-dependent) di-
abetes mellitus [2]. Substantial renal injury, as indi-
cated by changes in renal morphology [3] and incre-
mental rises in blood pressure [4] could, however, al-
ready be detectable in subjects with microalbumin-
uria.
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Progressive glomerular dysfunction is thought to
be the primary mechanism for increases in urine pro-
tein excretion [5]. However, renal proximal tubule
dysfunction could be important in early increases in
urine albumin excretion below the threshold of mi-
croalbuminuria [5]. Retinol binding protein (RBP),
a low molecular weight protein that is freely filtered
through the glomerular barrier, is almost completely
reabsorbed and catabolised by the renal proximal tu-
bules in healthy subjects [6]. Raised urine RBP is a
marker of proximal tubular dysfunction [6]. In chil-
dren with Type I diabetes urine RBP is positively as-
sociated with urine albumin excretion [7], and it has
been suggested that raised urine RBP could be an
early marker for the risk of incipient nephropathy, al-
though there are few prospective data to confirm this
hypothesis.

N-acetyl-glucosaminidase (NAG) occurs in much
higher concentrations in the proximal tubules than
in other parts of the nephron [8]. High urine levels
of this enzyme are considered to be a marker of prox-
imal tubular injury [9]. Raised amounts of NAG in
urine could predict the development of microalbu-
minuria in subjects with Type I diabetes [10] but this
observation is controversial [11, 12].

We investigated whether raised amounts of urine
RBP and NAG are early markers of risk of microal-
buminuria in a large cohort of children followed
from diagnosis of Type I diabetes in the Oxford Re-
gional Prospective Study.

Subjects and methods

The study design and methods employed in the Oxford Re-
gional Prospective Study (ORPS) have been reported previ-
ously [13]. Briefly, eligible subjects, who were aged under
16 years at the time of diagnosis of Type I diabetes within a
geographically defined region, were recruited from the Barts-
Oxford (BOX) diabetes register. Recruitment continued be-
tween the years 1986 and 1995. Case-ascertainment was more
than 95% [14] and 91 % of eligible subjects were recruited,
with drop-out rates of less than 1% for each year of study
[13]. Subjects diagnosed younger than five years of age were
enrolled into the study after a 5 year duration of diabetes, and
were assessed annually thereafter. Ethical approval was ob-
tained from district ethics committees. Written informed con-
sent was obtained from parents and children were asked to
give assent before the study. The characteristics of 209 children
without diabetes (113 female) from whom the normal ranges
of urine RBP and NAG were derived have been described pre-
viously [15].

At intervals of a year subjects with Type I diabetes were
asked to provide three consecutive first void early morning ur-
ine specimens to measure the albumin-to-creatinine ratio
(ACR), the retinol binding protein-to-creatinine ratio
(RBPCR) and the N-acetyl-S-D-glucosaminidase-to-creati-
nine ratio (NAGCR). Five and ten years after diagnosis three
timed, overnight urine samples were collected to estimate the
albumin excretion rate (AER). Subjects were followed until
they developed overt proteinuria or hypertension except in

cases where subjects died or withdrew their co-operation. Ur-
ine specimens collected within the first 12 months after diag-
nosis were excluded from the analysis.

Urine albumin, RBP, NAG and creatinine were measured
in a central laboratory. Albumin was measured using a double
antibody Enzyme linked Immunosorbent Assay (ELISA)
method described previously [13]. The inter-assay coefficient
of variation was 12 % at 1.5 mg/l and 10 % at 16 mg/l. We mea-
sured RBP using an ELISA method described previously [16].
The inter-assay coefficient of variation was 3.6 % at 60 mg/l
and 5.7 % at 371.5 mg/l. We measured NAG using an automat-
ed colourimetric method, which measures para-nitro-phenol
release using the Cobas MIRA spectrophotometer (Roche Di-
agnostic Systems, Basel, Switzerland) [17]. The inter-assay co-
efficient of variation was 6.3 % at 2525.3 umol-pnp/h. Creati-
nine was measured using the modified Jaffe method (Unimate
7, Roche Diagnostic Systems, Basel, Switzerland) on a Cobas
Mira (Roche Diagnostic Systems, Basel, Switzerland) auto-
mated spectrophotometer. The coefficient of variation was
2% at 2.2 mmol/l. Improvements in methodology introduced
during the course of the study, such as a change in the storage
of urine specimens from -20°C to -70°C, and longitudinal
quality control have been described previously [13, 15].

HbA, . was also measured centrally. A High Performance
Liquid Chromatography (HPLC) method was used from 1992
onward. Details of the methods, methodology changes and
quality control have been reported previously [13].

The relation between ACR and AER was determined in
304 timed, overnight urine specimens [13]. Microalbuminuria
was defined as the ACR equivalent to an AER of 20 ug/min
or more (males: ACR 23.5mg/mmol; females: ACR 2
4.0 mg/mmol) but less than 200 pg/min in the median of three
consecutive specimens [13]. We definied RBP-uria as RBP/
creatinine ratio (RBPCR) equal to or more than the 97.5'" cen-
tile in non-diabetic men and women (21 pg/mmol and 33 pg/
mmol respectively) in the median of three urine specimens.
We definied NAG-uria as a NAG/creatinine ratio (NAGCR)
equal to or more than the 97.5" centile in non-diabetic men
and women (56 pmol-pnp - h™! - mmol™ and 46 yumol-pnp - h!
- mmol™! respectively) in the median of three urine specimens.

Statistical methods. The lifetable method was used to calculate
the cumulative probability of raised urine proteins over time
years of diabetes duration: The logrank test was used to com-
pare cumulative probability distributions. The cumulative
probability of raised tubular proteins before the onset of mi-
croalbuminuria was calculated by subtracting the diabetes du-
ration at the first appearance of raised tubular proteins from
the duration at the first appearance of microalbuminuria. An
arbitrary number of 100 was added to the answer to calculate
the cumulative distribution curve because the SPSS software
programme does not calculate survival probabilities for nega-
tive years. Subsequently the arbitrary number was subtracted
so that the years before and after the onset of microalbumiuria
would be negative and positive respectively. Other statistical
methods used were the Chi-squared-test and Spearman’s cor-
relation coefficient. Statistical significance was defined as p
value of less than 0.05. The software suite SPSS 7.5 for Win-
dows was used for all analyses.

Results

Microalbuminuria. A total of 511 subjects (246 male)
were examined for a median (range) of 6 years (1 to
14). Microalbuminuria developed in 78 subjects
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Fig.1. The cumulative probability (lifetable method) of micro-
albuminuria ([7), RBP-uria (A) and NAG-uria () for years
from diagnosis of Type I diabetes
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Fig.2. Cumulative probability (lifetable method) of NAG-uria
(B ), RBP-uria () and microalbuminuria (unmarked line)
for mean HbA, , as calculated separately from all annual mea-
surements of HbA,, from diagnosis until the development of
raised urine levels for each protein
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(36 male). The cumulative probability of microalbu-
minuria, as estimated by the lifetable method, was
40 % after 12 years duration of diabetes (Fig.1).

The mean of all measurements of HbA, , until on-
set of microalbuminuria, or the end of follow up, was
calculated for each subject. Mean HbA, , was higher
in subjects with microalbuminuria compared with
those without (mean HbA,: 10.5%,n =74 vs 9.7%,
n = 415; mean difference: -0.8 %; 95 % CI of the dif-
ference: —1.3 % to —0.3%). One subject with a mean
HbA,. of 5.7% developed microalbuminuria after
3 years of diabetes. In all other subjects with microal-
buminuria the mean HbA,_ was 7.3% or more. The
cumulative probability of microalbuminuria in-
creased exponentially with increasing HbA, . (Fig.2).

A higher proportion of females developed micro-
albuminuria compared with males although this was
not statistically significant (Pearson %2, p = 0.08). In
non-microalbuminuric subjects the mean HbA,_ was
similar in males and females (9.7% vs 9.6%,
p =0.4). In contrast, the mean HbA, . was higher in
female compared with male subjects with microalbu-
minuria, although this was of marginal statistical sig-
nificance (10.9%, n =40 vs 10.0%, n = 34; mean dif-
ference: 0.9%; 95%CI of the difference: 1.8% to
0.0%, p = 0.06).

Raised urine retinol binding protein (RBP-uria). A to-
tal of 217 subjects developed RBP-uria (152 males).
The cumulative probability of RBP-uria was 67 % af-
ter a 12 year duration of diabetes (Fig.1). The proba-
bility of RBP-uria was higher in subjects with micro-
albuminuria than in those without it (81% vs 59%,
logrank test p =0.014). Only 40% of subjects with
microalbuminuria developed RBP-uria in the years
before the onset of microalbuminuria. This is in con-
trast to 59% of the subjects who developed RBP-
uria and who did not develop microalbuminuria.

The effect of HbA, . on the development of RBP-
uria was examined by calculating the mean of all
measurements of HbA, ; up to the onset of RBP-uria
or to the end of follow up, for each individual. The
probability of RBP-uria was higher with increasing
HbA,. than the probability of microalbuminuria
(Fig.2).

A higher proportion of males compared to females
developed RBP-uria in the cohort (54% vs 18%,
Pearson y% p < 0.001). The probability of RBP-uria
was no different in males with microalbuminuria
than in those without (83% vs 71%, logrank test:
p =0.09) (Fig.3). In contrast, the probability of
RBP-uria was significantly higher in females with mi-
croalbuminuria when compared with those without it
(74 % vs 37 %, logrank test: p = 0.002) (Fig.3). With
further examinations, however, at 10 year duration
of diabetes, the cumulative probability of RBP-uria
was similar in females with microalbuminuria (74 %)
compared with males (Fig.3). The cumulative proba-
bilities (SE) of RBP-uria preceding microalbumin-
uria in females and males were 29 % (7.0) and 50 %
(8.3) respectively.

The effect of puberty on the development of RBP-
uria was examined by dividing the cohort into three
groups by age at diagnosis: (1) 5 years or younger,
(2) 5to 11 years, (3) 11 years or more. Taking into ac-
count that in the group younger than 5 years of age
urine proteins were not measured until a 5 year dura-
tion of diabetes, the incidence distribution of RBP-
uria was similar in the under 5 years age group, 5 to
11 year age group and 11 year or older groups
(Fig.4). A similar proportion of subjects developed
RBP-uria in the years before the onset of micro-
albuminuria in the under 5 years age group, 5 to
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Fig.3. Cumulative probability (lifetable method) of RBP-uria
in males ([7]) with and without microalbuminuria (black and
grey lines respectively), and females ( ¥% ) with and without
microalbuminuria (black and grey lines respectively), for years
from diagnosis of Type I diabetes
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Fig.4. Cumulative probability of RBP-uria across years since
diagnosis of Type I diabetes in subjects diagnosed aged under
Syears (), 5 years to 11 years (@) and > 11 years (i\()

11 year age group and 11 years or older group (42 %
vs 37 % vs 39%).

Raised urine N-Acetyl-glucosaminidase (NAG-uria).
A total of 477 subjects developed NAG-uria. The cu-
mulative probability of NAG-uria was 98 % after a
10 year diabetes duration (Fig.1). The probability of
NAG-uria was similar in subjects with microalbumin-
uria and in those without it (98 % vs 97 %, logrank:
p = 0.8). The cumulative probability of NAG-uria in
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Fig.5. Correlation coefficients between ACR and NAGCR
(7)) and between ACR and RBPCR (@), for each year of dia-
betes relative to the onset of microalbuminuria (years before
and after microalbuminuria are negative and positive respec-
tively), with trendlines (least squares method)

the years before the onset of microalbuminuria was
73 % and this was similar to the probability for those
(97 %) who did not develop microalbuminuria.

The effect of HbA, ; on the development of NAG-
uria, increased progressively with higher mean
HbA,. (Fig.2). The probability of NAG-uria was
99 % with an HbA, . of 14.5% or more (Fig.2).

A slightly higher proportion of females compared
with males developed NAG-uria (97 % vs 91 %, Pear-
son % p = 0.01), but the probability of NAG-uria be-
fore the onset of microalbuminuria was similar in
males and females (69 % vs 76 %, logrank p =0.9).
The cumulative probabilities of NAG-uria, in age
groups at diagnosis of diabetes of 5 years or younger,
5 to 11 years and 11 years or older were 90 %, 91 %
and 92 %, after a 6 year duration of diabetes, respec-
tively.

Increases in urine albumin in parallel with NAG but
not RBP. We examined the effect of increasing dura-
tion of diabetes on associations between urine albu-
min, RBP and NAG in subjects who developed mi-
croalbuminuria. The association between NAGCR
and ACR, as estimated by a correlation coefficient,
increased between the years before the onset of mi-
croalbuminuria and the years after the onset of mi-
croalbuminuria (Fig.5). In contrast, the correlation
between RBPCR and ACR decreased between the
years before the onset of microalbuminuria and the
years after the onset of microalbuminuria (Fig.5).

Discussion

The Oxford Regional Prospective Study (ORPS) is
the largest study to date to examine the predictive
value of markers of renal tubular function for the
risk of microalbuminuria, in subjects with Type I dia-
betes.
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We found raised NAGCR in about 70% of sub-
jects before the onset of microalbuminuria but we ob-
served no difference between subjects with microal-
buminuria and those without it. In a prospective
study in adults, urine NAGCR concentrations were
similar at baseline in 9 subjects who developed dia-
betic nephropathy after 5 years compared with 27
who did not [11]. Similar data have been reported in
another small study [12]. In contrast, in a study of ad-
olescents with Type I diabetes, who were followed
prospectively for 4.5years, subjects with raised
NAG at baseline had a higher risk of microalbumin-
uria [10]. In that study [10] the duration of diabetes
was, however, significantly shorter in subjects without
raised urine NAG compared with those with raised
amounts. In our study, the risk of raised NAG and of
microalbuminuria rose with the duration of diabetes.
Therefore, in the other study in adolescence [10] con-
founding by differences in duration of diabetes could
explain the association of raised NAG with microal-
buminuria risk [10]. Furthermore, in that study [10]
the majority of subjects with raised NAG did not de-
velop microalbuminuria [10]. These findings indicate
that raised NAG is not a marker of risk for microal-
buminuria.

The probability of NAG-uria approached 100 % in
subjects with insufficient insulinisation as indicated
by an HbA, . above 13%. Insufficient insulinisation
inhibits glucose uptake by cells, which in turn could
inhibit the generation of adenosine triphosphate
(ATP). In laboratory models a transient depletion of
ATP was followed by apoptosis of renal proximal tu-
bular cells [18, 19], which would result in the release
of acid hydrolases into urine [8]. These data suggest
that raised urine NAG early in the course of Type I
diabetes could reflect tubular damage. Furthermore,
we observed that NAG increased in parallel with
ACR in the years following the onset of microalbu-
minuria. These findings could reflect increased lysos-
omal turnover during increased endocytosis of albu-
min [20-22]. These mechanisms could be investigated
further by measuring tissue specific NAG-isoen-
zymes.

We found RBP-uria was a common occurrence
reaching a probability of 67 % after a 12 year dura-
tion of diabetes. The probability of RBP-uria in the
years before microalbuminuria onset could, however,
have been lower than our observations suggested in
subjects who remained normoalbuminuric. In a
smaller prospective study of the predictive value of
RBP, no adolescent with RBP above the normal
range subsequently developed microalbuminuria, as
measured in spot urine specimens which were regu-
larly collected during the 3-year follow-up period
[23]. In another study of 83 adults with Type I diabe-
tes of longer duration, no difference was observed in
the amount of RBP at baseline in 13 subjects who
had microalbuminuria at follow up 9 years later,

when compared with those with normoalbuminuria
at both time points [12]. These findings indicate that
tubular dysfunction does not always precede microal-
buminuria and it frequently occurs in subjects who
are at a low risk of nephropathy.

In this study the probability of RBP-uria was high-
er in males than in females. If the degree of inhibition
of tubular function is similar in males and females
with Type I diabetes, these differences could relate
to the recognised gender difference in glomerular fil-
tration rate (higher in males). Differences in HbA,,
and hormonal changes in puberty (sex hormones,
growth hormone/IGF-1) could, however, also be im-
portant [24, 25].

The probability of RBP-uria in subjects with poor
glycaemic control was just below 100 % . Hypo-insu-
linaemia could limit the supply of intracellular glu-
cose to mitochondria. As a result, ATP generation
rates could be insufficient to sustain protein endocy-
tosis by proximal tubules. Disorders that affect mito-
chondrial ATP generation are characterised by the
Fanconi syndrome [26, 27], a defect of proximal tubu-
lar function [26]. These data suggest that RBP-uria
could be a marker of ATP-depletion in renal proxi-
mal tubule cells in subjects with Type 1 diabetes.
Functional reserve or cell regeneration could be suffi-
cient to compensate for some degree of tubular cell
apoptosis, because, in our study, the probability of
RBP-uria was lower than the probability of NAG-
uria at all except the highest levels of HbA, ..

Urine RBP and albumin excretion were highly
correlated in the years before the onset of microalbu-
minuria but not in the years afterwards. An increase
in vascular and glomerular permeability, a principal
mechanism causing microalbuminuria [28], might
not be affected by short-term differences in blood
glucose concentrations, whereas tubular function
could be affected [28]. These data suggest that proxi-
mal tubular dysfunction could be important in early
increases in urine albumin excretion but that the prin-
cipal mechanism for microalbuminuria is glomerular
dysfunction.

In conclusion, raised urine RBP and NAG are re-
lated to HbA, . and the duration of diabetes and oc-
cur in the majority of subjects with Type I diabetes.
They are not early markers for the risk of microalbu-
minuria.
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