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ABSTRACT

Objectives To describe independent predictors for the

development of microalbuminuria and progression to

macroalbuminuria in those with childhood onset type 1

diabetes.

Design Prospective observational study with follow-up for

9.8 (SD 3.8) years.

Setting Oxford regional prospective study.

Participants 527 participants with a diagnosis of type 1

diabetes at mean age 8.8 (SD 4.0) years.

Main outcome measures Annual measurement of

glycated haemoglobin (HbA1c) and assessment of urinary

albumin:creatinine ratio.

Results Cumulative prevalence of microalbuminuria was

25.7% (95% confidence interval 21.3% to 30.1%) after

10 years of diabetes and 50.7% (40.5% to 60.9%) after

19 years of diabetes and 5182 patient years of follow-up.

The only modifiable adjusted predictor for

microalbuminuria was high HbA1c concentrations (hazard

ratio per 1% rise in HbA1c 1.39, 1.27 to 1.52). Blood

pressure and history of smoking were not predictors.

Microalbuminuria was persistent in 48% of patients.

Cumulative prevalence of progression from

microalbuminuria to macroalbuminuria was 13.9%

(12.9% to 14.9%); progression occurred at a mean age of

18.5 (5.8) years. Although the sample size was small,

modifiable predictors of macroalbuminuria were higher

HbA1c levels and both persistent and intermittent

microalbuminuria (hazard ratios 1.42 (1.22 to 1.78),

27.72 (7.99 to 96.12), and 8.76 (2.44 to 31.44),

respectively).

Conclusion In childhood onset type 1 diabetes, the only

modifiable predictors were poor glycaemic control for the

development of microalbuminuria and poor control and

microalbuminuria (both persistent and intermittent) for

progression to macroalbuminuria. Risk for

macroalbuminuria is similar to that observed in cohorts

with adult onset diseasebut as it occurs in youngadult life

early intervention in normotensive adolescents might be

needed to improve prognosis.

INTRODUCTION

In adults with type 1 diabetes microalbuminuria is an
early marker of structural renal disease1 and a risk
factor for the development of macroalbuminuria.2 The
presence of macroalbuminuria is associated with
subsequent development of end stage renal disease
and increased coronary mortality.3 4 After about
18 years of diabetes the cumulative prevalence of
microalbuminuria and macroalbuminuria is 34%5 and
15%,56 respectively. Regression to normoalbuminuria
occurs in 31-58% of adults with microalbuminuria six
to eight years after onset of microalbuminuria5 6 and
relates to modifiable factors such as glycaemic control,
blood pressure, and lipid concentrations.5 6

In people with childhood onset type 1 diabetes, the
cumulative prevalence of microalbuminuria is around
12-25% after five to 10 years of diabetes.7-12 Variability
in these outcomes could be explained by differences in
study design and bias from factors such as regression
towards the mean.
The Oxford regional prospective study is a popula-

tion based inception cohort of children with type 1
diabetes designed to determine prospectively the
natural course of microalbuminuria during childhood
and adolescence.13 Initial data indicated a cumulative
prevalence of microalbuminuria of 40% after 11 years
of diabetes, and this was predicted by poor glycaemic
control but not by blood pressure.13 The prognostic
value of microalbuminuria for progression to macro-
albuminuria has not been adequately determined in a
childhood cohort. We report on data from this study
after up to19years of follow-upand focusonpredictors
for the development of microalbuminuria and macro-
albuminuria.

METHODS

Oxford regional prospective study

TheOxford regional prospective studywas established
in 1986.13 The study identified children aged under 16
in the Oxford Health Authority over a 10 year period
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from the St Bartholomew’s Oxford diabetes register
and recruited children within three months of diag-
nosis. Case ascertainment for the register was over
95%.14 Parent gave written consent and children gave
verbal assent. From 1986 to 1997, 91% (n=527) of
eligible children were recruited at a mean age 8.8 (SD
4.0) years. To date the dropout rate is 9.6%. Parents
gave written consent and children gave verbal assent.
Mean duration of follow-up to date is 9.8 (3.8) years.
Only 4% of the participants have been followed up for
under three years, and 9% have over 15 years’ follow-
up. In agreement with individual physicians, micro-
albuminuria was treated with angiotensin converting
enzyme inhibitors or β blockers in those aged over 18
with persistent microalbuminuria or hypertension, or
both.

Annual assessments

Research nurses assessed participants annually from
the first year of diagnosis and recorded height, weight,
blood pressure, and collected three consecutive early
morning (first void) urine specimens for the measure-
ment of albumin:creatinine ratio.We did not use urine
specimens from girls who were menstruating (to avoid
artificially high albumin concentrations). Blood sam-
ples were collected for centralised measurement of
glycated haemoglobin (HbA1c).

Definition of microalbuminuria

Microalbuminuria was defined as a urinary albumin:
creatinine ratio 3.5-35 mg/mmol in males and 4.0-
47 mg/mmol in females in at least two consecutive
early morning urine samples collected during the
annual assessment (corresponding to an overnight
albumin excretion rate of 20-200 μg/min and an
albumin:creatinine ratio of 2.4 and 2.2 standard
deviations above the geometric mean in normal male
and female adolescents, respectively13). We collected
an average of 2.8 urine samples per participant per

year. Three urine samples were collected in 84% of all
annual assessments and two samples collected in 16%.
Persistent microalbuminuria was defined as the

presence of microalbuminuria at every subsequent
annual assessment. In those with persistent microalbu-
minuria, diagnosiswas based on two years of follow-up
in 49% and over two years in 51%. Intermittent
microalbuminuria was defined as a positive result
during an annual assessment followed by regression to
normoalbuminuria, then recurrence of microalbumi-
nuria at a later date. Transient microalbuminuria was
defined as regression ofmicroalbuminuria to normoal-
buminuria with no reoccurrence. Macroalbuminuria
was defined as an albumin:creatinine ratio >35 mg/
mmol in males and >47 mg/mmol in females.

Clinical investigations

We measured blood pressure with a random zero
sphygmomanometer (Hawksley, UK) with appropri-
ately sized cuffs on the non-dominant arm, with
participants sitting and the arm supported, after a
periodof rest.We recordedbloodpressure as themean
of two measurements to the nearest 2 mm Hg at
Korotkoff sounds 1 and 5.
Albumin assay—Until 1994urine sampleswere stored

at −20°C and after this time at −70°C. Albumin was
measured centrally by a double antibody enzyme
linked immunosorbent assay (ELISA). The coefficient
of variation within and between assays was 6% and
12%, respectively.
Creatinine concentration—Creatinine was measured

with a modified Jaffe method (Unimate 7, Roche
Diagnostic Systems, Switzerland) on a Cobas Mira
(Roche Diagnostic Systems, Switzerland) automated
spectrophotometer. The coefficient of variation was
2% at 2.2 mmol/l.
Glycated haemoglobin (HbA1c)—We initiallymeasured

HbA1c with electrophoresis (Ciba Corning Diagnos-
tics, UK) and then used high performance liquid
chromatography (DIAMAT; Bio-Rad, Hemel Hemp-
stead, UK). The relation between the twomethods was
carefully evaluated and has been described
previously.13 The coefficient of variation within
batches for chromatography was 2.2% and 1.3% at a
level of 9.8% and 10.1%, respectively. The coefficient
of variation between batches was 3.5% and 2.2% at
5.6% and 10.1%, respectively. The normal range was
4.3-6.0%.

Statistical methods

As excretion of urinary albumin varies greatly within
individuals and three consecutive measurements tend
not to be normally distributed, we averaged three
results from each participant with the geometric mean.
The distributions of these yearly geometric means for
the whole cohort were not normally distributed and
were log transformed and analysed on this scale. All
data were summarised as means for each patient. We
analysed time, blood pressure, and HbA1c as contin-
uous variables; these were normally distributed.
Smoking status and antihypertensive treatment were

Children with type 1 diabetes (n=527)

Normoalbuminuria
(n=392, 74%)

Microalbuminuria
(n=135, 26%)

Transient
microalbuminuria

(n=53, 39%)

Intermittent
microalbuminuria

(n=17, 13%)

Persistent
microalbuminuria

(n=65, 48%)

Duration of diabetes =
  9.8 (3.8) years
Patient years follow-up = 5182

Years after onset of
microalbuminuria =

3.2 (2.9)

Macroalbuminuria
(n=14, 22%)

Macroalbuminuria
(n=4, 24%)

Fig 1 | Numbers with microalbuminuria and progression to

macroalbuminuria up to September 2005
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analysed as dichotomised variables because data on
actual number of cigarettes smoked and type of drug
were unavailable. By definitionmicroalbuminuria and
macroalbuminuria status are binary measures and
were therefore analysed as dichotomisedvariables.We
compared groups with unpaired Student’s t tests and
compared frequencies using χ2 tests. We used a life
table method to calculate the cumulative prevalence
(defined as the overall estimate of the total number of
cases in the cohort after a given time) of microalbumi-
nuria and macroalbuminuria and a log rank test to
compare cumulative prevalence between groups,
based on follow-up ending September 2005.
A Cox’s proportional hazard regression model was

used to evaluate the relative contribution of covariates
to the risk of developing microalbuminuria and
macroalbuminuria, with duration of diabetes as the
time covariate. Other variables included in the model
weremeanHbA1c concentrations, sex, blood pressure,
smoking, and age at diagnosis of diabetes. We used a
stepwisebackward selection,with the significance level
for inclusion of 5% and exclusion of 10%, and did not
consider any interactions. Potential problems with the
results from aCoxmodelmay arise if participants with
an albumin:creatinine ratio near the lower limit of the
definition for microalbuminuria cross this level
because of random measurement error or regression
to the mean. Therefore, we used the samemethods for
sensitivity analyses, using alternative cut off values.
We used SPSS version 11.5 for all analyses. P<0.05

was considered as significant for each test, but given
that many tests were undertaken we also applied a
second more conservative P value of <0.01 to give a
more cautious interpretation.Data are shown asmeans
(SD) unless otherwise stated.

RESULTS

Cumulative prevalence of microalbuminuria

Of 527 participants, 135 (26%)met the study definition
ofmicroalbuminuria after 5182 patient years of follow-
up (fig 1). The cumulative prevalence of microalbumi-
nuria was 25.7% (95% confidence interval 21.3% to
30.1%) after 10 years of diabetes and 50.7% (40.5% to
60.9%) after 19 years. The mean age at onset of
microalbuminuria was 16.1 (4.3) years. Compared
with those without, those with microalbuminuria were
older (19.5 (4.0) v 18.4 (4.7), P=0.01), had had diabetes
for longer (10.5 (3.4) years v 9.6 (3.8) years, P=0.009),
and had higher mean lifetime HbA1c concentrations

(10.8% (1.7%) v 9.5% (1.4%), P<0.001) and higher
HbA1c concentrations at diagnosis of diabetes (10.9%
(1.8%) v 9.7% (1.8%), P<0.001). The probability of
microalbuminuria increased progressively with
increasing quarters of HbA1c (fig 2, log rank test
P<0.001).

More females than males developed microalbumi-
nuria (n=72 (53%) v n=63 (47%), fig 2, log rank test
P=0.03). This sex difference was not explained by
differences in age, HbA1c concentrations, or duration
of diabetes.

As previously reported,13 in thosewith a diagnosis of
diabetes before the age of 5 (n=27), compared with
those with a diagnosis at ages 5-11 (n=64) and after 11
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Fig 2 | Kaplan-Meier survival curves showing cumulative

prevalenceofdevelopingmicroalbuminuria (135events)across

age in527childrenwith type1diabetes,1986-2005, in relation

to quarters ofmean lifetime HbA1c concentrations (top) and sex

(bottom)

Table 1 | Coxmodel*withsensitivityanalysiswithadjusteddefinitionofmicroalbuminuriashowingadjusted,modifiablepredictors

forthedevelopmentofmicroalbuminuriain527childrenwithtype1diabetesfollowedforupto19years,aftercorrectionforduration

of diabetes. Figures are hazard ratios (95%confidence intervals) with P values

Standard definition (M 3.5-35, F
4.0-47 mg/mmol)

Lower limit of definition reduced by
0.5 mg/mmol (M 3.0-35, F 3.5-47 mg/

mmol)

Lower limit of definition reduced by
1.0 mg/mmol (M 2.5-35, F 3.0-47 mg/

mmol)

HbA1c (per 1% increase) 1.39 (1.27 to 1.52), <0.001 1.51 (1.36 to 1.66), <0.001 1.49 (1.35 to 1.63), <0.001

M=male; F=female.

*Variables also included in model were female sex (1.43, 1.02 to 2.06), diastolic blood pressure (1.00. 0.98 to 1.03), systolic blood pressure (0.99,

0.98 to 1.02), history of smoking (1.29, 0.85 to 1.98), and younger age at diagnosis of diabetes (1.04, 0.99 to 1.09).
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(n=44), there was a longer interval between age at
diagnosis to first appearance of microalbuminuria (8.8
(3.8) years v 7.7 (3.8) v 5.5 (3.3) years, P=0.01, with or
without adjustment for HbA1c concentrations) (fig 3).
After 10 years of diabetes, in the groupwith a diagnosis
before theageof 5 comparedwith the twoother groups,
cumulative prevalence ofmicroalbuminuriawas lower
(age at diagnosis <5 years: 17.4% (9.8% to 25.0%);
5-10 years: 28.7% (21.7% to 35.7%); >11 years: 28.9%
(20.5% to 37.3%); log rank test P=0.035). After 15 years
of diabetes, however, cumulative prevalence was
similar in the three groups (<5 years: 43.0% (25.0% to
61.0%); 5-11 years: 45.7% (33.3% to 58.1%); and >
11 years: 40.8% (27.2% to 54.4%); log rank test P=0.1,
fig 3).

Predictors for development of microalbuminuria

Of previously described predictors, significant unad-
justed correlates of microalbuminuria were poor
glycaemic control (1.35, 1.24 to 1.47, P<0.001—that
is, a 35% increased risk for a 1% rise in HbA1c), female
sex (1.43, 1.02 to2.01,P=0.04), diastolicbloodpressure
(1.02, 1.00 to 1.04, P=0.04), and younger age at
diagnosis of diabetes (1.06, 1.01 to 1.10, P=0.01).

Non-contributory variables included systolic blood
pressure (1.01, 0.99 to 1.02, P=0.17) and history of
smoking (1.32, 0.89 to 1.94, P=0.23).
In a Cox model, the only modifiable adjusted

predictor for the development of microalbuminuria
was poor glycaemic control (table 1). Female sex was
also associated with microalbuminuria but blood
pressure, history of smoking, and age at onset of
diabetes did not contribute to the model (table 1).
When we excluded data from those with two con-
secutive annual urine samples with positive results,
rather than three, the results were materially unaf-
fected. In a separate Cox model, sensitivity analysis
with adjustment of the definition of microalbuminuria
(reduced lower limits for the definition of microalbu-
minuria by 0.5 mg/mmol and 1.0 mg/mmol) showed
that outcomeswere not dissimilar towhen the standard
definition was used (table 1).

Course of microalbuminuria

Of the 135 participants with microalbuminuria, 65
(48%) developed persistent microalbuminuria, 17
(13%) had intermittent microalbuminuria, and 53
(39%) had transient microalbuminuria (fig 1), giving a
cumulative prevalence of regression to the normoal-
buminuric range of 51.9% (42.3% to 61.5%) after 4.
9 years after the onset of microalbuminuria. Classifica-
tion of persistent microalbuminuria was based on
results of four or more annual urine collections in 43%
of participants. All those with intermittent microalbu-
minuria hadmore than three further years of follow-up
and had time periods ranging from 1.0 to 7.2 years in
which they were normoalbuminuric. Those with
transient microalbuminuria had a median follow-up
of 6.8 (4.2) years after their last urine sample with a
positive result, with 51 (96%) having more than three
years of follow-up.
Duration of diabetes was greater in participants with

persistent rather than with intermittent and transient
microalbuminuria (table 2). Overall mean HbA1c

concentrations were highest in those with persistent
microalbuminuria and lowest in those with transient
microalbuminuria, and thiswasmost apparent after the
onset of microalbuminuria (table 2)—that is, lower
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Fig 3 | Kaplan-Meier survival curve showing cumulative

prevalence of development of microalbuminuria (135 events)

across duration of diabetes in 527 children with type 1

diabetes, 1986-2005, in relation toageatdiagnosisofdiabetes

Table 2 | Characteristics of participantswith childhood onset type1 diabetes according tomicroalbuminuria status (see text for

definitions). Figures aremean (SD) years unless stated otherwise

Normoalbuminuria
Transient

microalbuminuria
Intermittent

microalbuminuria
Persistent

microalbuminuria P value*

No (% of cohort) 392 (74) 53 (10) 17 (3) 65 (12) —

Age at diagnosis of
diabetes

8.8 (4.1) 9.0 (3.4) 10.0 (3.2) 8.6 (4.2) 0.05

Duration of diabetes 9.6 (3.8) 10.5 (3.1) 10.2 (2.3) 10.6 (3.8) 0.04

Current age 18.4 (4.7) 19.5 (3.4) 20.3 (3.2) 19.2 (4.6) 0.01

Smokers (%) 97 (25) 14 (26) 6 (35) 18 (28) 0.24

Mean HbA1c before
microalbuminuria (%)

9.5 (1.4) 10.5 (1.7) 11.2 (1.3) 11.1 (1.7) <0.001

Mean HbA1c after
microalbuminuria (%)

— 9.9 (1.5) 10.7 (1.7) 11.1 (2.0) <0.001

*For analysis of variance for comparison of four different groups.
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concentrations of HbA1c after the onset of microalbu-
minuria were associated with regression of microalbu-
minuria (hazard ratio 1.21, 1.07 to 1.54—that is, a 21%
increasedoccurrence of regression for a 1% loweringof
HbA1c, after adjustment for duration of diabetes).
There were no significant differences in age at onset of
microalbuminuria or in sex ratio between the three
groups.

Development of macroalbuminuria

Eighteen participants developed macroalbuminuria
(13% of those with microalbuminuria, 3% of total
cohort) giving a cumulative prevalence of 13.9%
(12.9% to 14.9%) after 3.2 (2.9) years after onset of
microalbuminuria (fig 1). Median age at development
ofmacroalbuminuria was 18.5 (5.8) years and duration
of diabetes was 10.0 (4.0) years.
Those who developed macroalbuminuria had

higher mean HbA1c concentrations compared with
the restof the cohort (table 3) andhigherbloodpressure
after the development of microalbuminuria (systolic
126.5 mm Hg (15.6 mm Hg) v 118 mm Hg (13.8 mm
Hg), P=0.009; diastolic 85.6 mm Hg (9.9 mm Hg) v
79.4 mm Hg (8.4 mm Hg), P=0.03).
Significant unadjusted correlates of macroalbumi-

nuria were poor glycaemic control (1.47, 1.18 to 1.82,
P<0.001—that is, a 47% increased risk for a 1% rise in
HbA1c), persistent microalbuminuria (39.10, 11.33 to
135.21, P<0.001), intermittent microalbuminuria
(15.78, 4.24 to 60.62, P<0.001), and systolic blood
pressure (1.02, 0.99 to 1.06, P=0.04).Non-contributory
variables included female sex (1.00, 0.39 to 2.54,

P=0.89), diastolic blood pressure (1.04, 0.99 to 1.09,
P=0.09), historyof smoking (1.83, 0.69 to4.81,P=0.27),
and younger age at diagnosis of diabetes (1.05, 0.94 to
1.17, P=0.56).
The modifiable adjusted predictors for progression

from microalbuminuria to macroalbuminuria were
poor glycaemic control and persistent and intermittent
microalbuminuria (table 4). Factorsnot contributing to
outcomewere sex, blood pressure, history of smoking,
and age at diagnosis of diabetes. Sensitivity analysis
with adjustment of the definition of macroalbuminuria
(reduced lower limits for the definition of macroalbu-
minuria by 5 mg/mmol and 10.0 mg/mmol) showed
that predictors remained as strong as whenwe used the
standard definition (table 4).

Intervention with antihypertensive medication

Twenty (15%) participants with microalbuminuria (13
with persistent microalbuminuria and seven with
intermittent microalbuminuria and hypertension)
were treated with an angiotensin converting enzyme
inhibitor or a β blocker. Age at start of drug treatment
was 21.9 (3.8) years and subsequent follow-up was 5.1
(4.0) years. In participants withmicroalbuminuria who
received treatment compared with those who did not
there were no significant differences in HbA1c con-
centrations or history of smoking or systolic and
diastolic blood pressure before treatment.
Seven (35%) participants receiving treatment pro-

gressed to macroalbuminuria (and these were all
previously categorised as having persistent microalbu-
minuria) compared with 11 (10%) with microalbumi-
nuria not receiving treatment (χ2=9.5, P=0.002). In
these two groups there were no difference in mean
HbA1c concentrations during treatment (11.1% (1.9%)
v 11.0% (2.4%), P=0.77) or history of smoking, though
there was a non-significant trend towards higher
systolic (134.4 mm Hg (13.2 mm Hg) v 121.0 mm Hg
(15.3 mm Hg), P=0.15) and diastolic (90.0 mm Hg
(9.3mmHg) v82.5mmHg (9.5mmHg), P=0.17)blood
pressure.

DISCUSSION

In this inception cohort of peoplewith childhood onset
type 1 diabetes, the cumulative prevalence of micro-
albuminuriawas25.7%and50.7%after10and19years

Table 3 | Characteristicsofparticipantswith type1diabeteswithandwithoutmacroalbuminuria.

Figures aremean (SD) years unless stated otherwise

Rest of cohort Macroalbuminuria P value

No (% of cohort) 509 (96) 18 (4) —

Age at diagnosis of diabetes 8.8 (4.0) 8.6 (4.0) 0.83

Duration of diabetes 9.8 (3.8) 11.4 (3.3) 0.08

Current age 18.6 (4.6) 19.9 (5.1) 0.22

No (%) of smokers 128 (26.1) 7 (39.2) 0.17

Mean HbA1c before
microalbuminuria (%)

9.7 (1.5) 10.8 (2.0) 0.04

Mean HbA1c after
microalbuminuria (%)

9.8 (1.6) 11.5 (2.1) 0.01

Table 4 | Coxmodel*withadditionalsensitivityanalysiswithadjusteddefinitionofmacroalbuminuriashowingadjustedmodifiable

predictorsfordevelopmentofmacroalbuminuriain527childrenwithtype1diabetesfollowedforupto19years,aftercorrectionfor

duration of diabetes. Figures are hazard ratios (95%confidence intervals)with P values

Standard definition (M >35, F
>47 mg/mmol)

Lower limit of definition reduced by
5mg/mmol (M >30, F >42 mg/mmol)

Lower limit of definition reducedby
10 mg/mmol (M >25, F >37 mg/

mmol)

HbA1c (per % increase)† 1.42 (1.22 to 1.78), <0.001 1.42 (1.16 to 1.74), 0.001 1.42 (1.17 to 1.72), <0.001

Persistent microalbuminuria† 27.72 (7.99 to 96.12), <0.001 22.63 (7.54 to 67.94), <0.001 25.51 (8.60 to 75.64), <0.001

Intermittent microalbuminuria† 8.76 (2.44 to 31.44), 0.002 7.40 (2.10 to 26.18), 0.002 6.39 (1.83 to 22.32), 0.004

M=male; F=female.

* Non-significant variables also included in model were female sex (1.3, 0.5 to 3.3), diastolic blood pressure (1.1, 0.9 to 1.1), systolic blood pressure

(1.1, 0.9 to 1.1), history of smoking (1.3, 0.4 to 4.1), and younger age at diagnosis of diabetes (1.0, 1.0 to 1.1).

†Hazard ratios for HbA1c without microalbuminuria-type and microalbuminuria-type without HbA1c were essentially unchanged.
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of diabetes, respectively, and the cumulative preva-
lence of macroalbuminuria was 13.9% after 19 years.

Comparisons with other studies

For microalbuminuria, the cumulative prevalence was
significantly higher than that observed in the adult only
inception cohort (from the Steno clinic), in which
prevalence was nearly 34% after 18 years of follow-up
and similar glycaemic exposure5 (table 5). This
prevalence is greater than previously reported in
longitudinal childhood studies, 9-11 but those previous
studies were clinic based, with variable duration of
diabetes at inclusion compared with our cohort, in
which all participants were recruited at diagnosis, case
ascertainmentwashigh, anddropout rates low.Despite
differences in prevalence of microalbuminuria, the
prevalence of macroalbuminuria of 13.9 was similar to
that in the adult inceptiondata from the Steno clinic but
occurred at a much earlier age (table 5). 5 No
comparable data exist for children, although previous
small clinic based studies indicate a prevalence of
macroalbuminuria of 7-32%.712 15

Implications of poor glycaemic control

Glycaemic controlwas unequivocally linked to the risk
of microalbuminuria and progression to macroalbu-
minuria. Although generally HbA1c concentrations in
our study were above currently accepted goals for
glycaemic control, therewas no threshold belowwhich
microalbuminuria did not occur. Both baseline and
more recent lack of glycaemic control predict risk of
microalbuminuria,5-16 and follow-up data from the
diabetes control and complications trial showed that
previous intensive treatment of patients with diabetes
and near normal glycaemia has an extended benefit in
delaying progression of diabetic nephropathy.17 Col-
lectively these data indicate that both remote andmore
recent glycaemic control might be equally important,
and therefore in children the goal should be improve-
ment of control from the onset of diabetes.

Recent reports suggest a declining incidence of
diabetic nephropathywith improvements in glycaemic
control.18 The 2002 Diabetes UK audit, however,
indicated that 48% of adolescents were not achieving
HbA1c concentrations less than 9%,19 and the
Hvidore study also recently reported that HbA1c

concen t ra t ions dur ing ado le s cence were
disappointing.20 We contend that the poor levels of
glycaemic control reflect the high ascertainment in our
study and that they are an accurate reflection of HbA1c

concentrations during adolescence, particularly during
transition to adult clinics in the UK.21

Other predictors of microalbuminuria

Unlike our childhood onset cohort, in adult onset
cohorts prevalence of microalbuminuria is greater in
men (table 5).5 The reason for this reversal in sex risk
from childhood to adulthood onset disease is unclear
butmight be explained by data indicating a role for sex
steroids in renal damage associatedwith diabetes22 and
associations between hyperandrogenism and abnorm-
alities in the growthhormone insulin-like growth factor
I axis in adolescent girls with microalbuminuria. 23

Cumulative prevalence of microalbuminuria at the
end of follow-up was unaffected by age at diagnosis,
though in those with a diagnosis before the age of 5
there was a longer interval to first appearance of
microalbuminuria. Other data indicate that before the
onset of microalbuminuria, the annual rate of rise of
urinary albumin excretion increases after the age of
11.24 Although detailed Tanner staging of puberty was
unavailable in the current cohort, collectively these
data indicate that exposure to well characterised
physiological and psychosocial changes during the
pubertal years might be important in the timing of the
first appearance of microalbuminuria21 23 25 but not the
cumulative prevalence.

Transient microalbuminuria

In the current cohort, in over half of the participants
with microalbuminuria it was defined as “transient” or
“intermittent” about 4.9 years after the onset of
microalbuminuria. This contrasts with rates of regres-
sion of 31% in the inception cohort from the Steno
clinic5 but is similar to the 58% six years after onset of
microalbuminuria reported in another study in adults.6

Definition of regression of microalbuminuria is com-
plicated by regression to the mean and duration of
follow-up. Some studies have used categorical novel
definitionsof regression, suggesting that 50%reduction
in albumin excretion would minimise confounding
effects of variability in urinary albumin excretion,6 but
suchdefinitions are still basedondurationof follow-up.
Our data indicate that people who have microalbumi-
nuria in one year but becomenormoalbuminuric in the
next yearmight be at risk of recurrence in one to seven
years. Thus rate of regressionmust dependonduration
of follow-up, and further follow-up data from the
Oxford study might reveal more cases of intermittent
microalbuminuria among those currently categorised
as transient.

Table 5 | Comparison of Oxford regional prospective study childhood inception cohort with adult

inception cohort from the Steno clinic (Hovind et al5). Figures aremean (SD) years unless stated

otherwise

Current study Steno clinic

Sample size 527 (54%male) 277 (59%Males)

Patient years of follow-up 5182 4706

Age at diagnosis of diabetes (years) 8.8 (4.0) 27.5 (15.0)

Duration (SD or range) of follow-up (years) 9.8 (3.8) 18.0 (1.0-21.5)

Mean HbA1c (%) 9.8 (1.6) 9.9 (2.0)

Cumulative prevalence (95% CI) of
microalbuminuria (%)

50.7 (40.5 to 60.9) 33.6 (27.2 to 40.9)*

Males with microalbuminuria 63 (47%) 55 (70%) **

Cumulative prevalence (95% CI) of
macroalbuminuria (%)

13.9 (12.9 to 14.9) 14.6 (8.9 to 20.3)

Age at macroalbuminuria (years) 18.5 (5.8) 41 (16)

Duration of diabetes at macroalbuminuria
(years)

10.0 (4.0) 11.2 (4.4)

*χ2=39.2, P<0.001.
**χ2=21.9, P<0.001.
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Risk for macroalbuminuria

Perhaps more important is the early detection of risk
for microalbuminuria and progression to macroalbu-
minuria, which could result in more accurate identifi-
cation of people in need of intervention. In the current
study, only 18 patients developed macroalbuminuria,
sopredictors andcomparisonwith the remainderof the
cohort should be interpreted with caution. Our data
indicate that the only modifiable predictor for the
development of macroalbuminuria was poor glycae-
mic control. Both persistent and intermittent micro-
albuminuria are important predictors in the transition
to macroalbuminuria in children, and these factors are
robust after sensitivity analyses. In contrast with
findings fromstudies in adults, those takingangiotensin
converting enzyme inhibitors actually had higher rates
of progression to macroalbuminuria. Only 20 patients
had started this treatment, however, and our study was
not designed to determine the effects of treatment.
There could also be ascertainment bias as few
participants with microalbuminuria were treated and
age at onset of treatment was late. This negative result
could also be the result of small sample size, variable
duration of follow-up, differences in treatment proto-
cols between clinics, and differences in blood pressure.
The efficacy of angiotensin converting enzyme inhibi-
tion needs to be explored in a controlled prospective
intervention study in this age group.

Limitations of study

We collected annual urine samples on three consecu-
tive days rather than spaced through the year, but this
relates to the practicalities of running a long term field
study. Annual assessment of urinary albumin:creati-
nine ratio, however, is based on the average of three
measurements, which reduces measurement error and
regression to themean.The requirementof the study to
have measurements once a year could also reduce the
effect of regression to the mean as true changes

emerging over a year are less likely to be overturned
by measurement error.

The use of Cox models is associated with inherent
problems, as it requires a strict cut off point for the
definition of microalbuminuria and macroalbumi-
nuria. We used sensitivity analyses, with lower limits
for the definitions of microalbuminuria and macro-
albuminuria, to assess any influence of measurement
error on thresholds. Predictors were essentially
unchanged, validating the outcomes and indicating a
continuum of risk with increasing urinary albumin
excretionwithin the normal range for the development
of microalbuminuria and in the microalbuminuric
range for the development of macroalbuminuria.

Finally, we did not have sufficient data on variables
such as insulin regimens, which may have had a
confounding effect on the outcome.

Conclusion

There is higher cumulative prevalence of microalbu-
minuriawith predominance of risk in females in people
with childhood onset type 1 diabetes compared with
those who had adult onset disease. Our data indicate
that microalbuminuria might not be persistent in over
half of cases. As this depends on duration of follow-up,
further cases of intermittent microalbuminuria might
occur with longer follow-up of those with “transient”
microalbuminuria. The probability of progression to
macroalbuminuria is remarkably similar to that in
adult onset disease, but it occurs at an earlier age and in
people with both intermittent and persistent micro-
albuminuria. Therefore, as the ultimate prognosis
might be worse in someone with childhood onset
rather thanadult onset type1diabetes, there is aneed to
consider earlier intervention strategies in those diag-
nosed with diabetes during childhood.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Microalbuminuria and macroalbuminuria are associated
with the development of end stage renal disease in adult
onset type 1 diabetes and might be predicted by poor
glycaemic control and higher blood pressure

WHAT THIS STUDY ADDS

In those with childhood onset type 1 diabetes,
microalbuminuria occurred more frequently and was more
common in females but the only modifiable predictor was
high HbA1c concentrations

Modifiable predictors ofmacroalbuminuria were highHbA1c
concentrations and both persistent and intermittent
microalbuminuria

Risk for macroalbuminuria is similar to adult onset type 1
diabetes but as it occurs in young adult life , early
intervention during adolescence might be needed to
improve prognosis
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