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Urinary albumin excretion in school children
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SUMMARY Concentrations of albumin were measured by an enzyme linked immunoassay in 24
hour urine collections (divided into day and night-time samples) from 183 boys and 191 girls aged
4 to 16 years. The 24 hour albumin excretion rate and day and night-time albumin excretion rates
all increased with age in both girls and boys. Albumin excretion during the day exceeded that at
night in both girls and boys. Albumin excretion rates were higher in girls than boys during the day
but there was no significant difference at night-time. The urinary albumin creatinine ratio showed
no change with age, but was greater in girls than boys during the day and at night, and was also
greater during the day than at night in both sexes. Graphs of normal values of albumin excretion
rates and albumin creatinine ratios are provided.

Albumin excretion rates in diabetes mellitus have
been studied extensively in adults' 2 and to a lesser
extent in children.3 4 The starting point of any such
study has to be the careful definition of normality
using sufficiently sensitive methodology. As part of
a study of renal function in diabetic children, an
enzyme linked immunoassay (ELISA) technique for
measuring albumin was developed,5 sensitive
enough to measure the range of albumin found in
normal urine.

In reported studies of albumin excretion in
normal children, numbers have been too small to
allow statistical analysis of age and sex differences,6
or the period of collection has been very limited.3 4
In the present study a large number of well
motivated, normal school children were studied, 24
hour urine collections were split into timed night
and daytime samples, collections likely to be
incorrect7 were excluded, and albumin creatinine
ratios8 were compared with albumin excretion rates.
The results are expressed in units corrected for
surface area (to 1-73 m2) so that comparisons with
the more extensive published reports on adults912
may be made.

Subjects

A total of 419 school children, not known to have
renal disease, volunteered to collect urine over 24
hours. Collection consisted of a timed daytime
sample (from after passing the first morning urine
sample to the last sample before going to bed) and a
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timed night-time sample (from retiring to bed to the
first morning sample the following day, 24 hours
after the onset of the collection). After securing
approval from the local ethical committee and the
consent of the teaching staff at several schools, the
informed consent of the parents and children was
sought and received. Children were measured to
within 1 cm and weighed to within 0-2 kg wearing
light clothing and without shoes.

Samples

Two sample bottles (without preservative) were
given to each child together with careful oral and
written instructions to ensure accurate collections
which were timed to the minute by parents or older
children. The samples were returned via school
immediately after completion of the night collec-
tion. Volumes were measured, timing noted, and
2 ml aliquots were stored at -20°C until analysis.
Inactivated rabbit serum (20 Rl) was added to each
sample to prevent adsorption of albumin to the
sample tube.

Nineteen samples were rejected because of
obvious inaccuracies, namely timing errors and
enuresis. Twenty six (7%) samples were rejected on
the basis of creatinine excretion.7

Methods

Urine albumin concentration. The urine albumin
concentration was estimated by an ELISA
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technique,5 using commercially available reagents
which had a sensitivity of 625 pg per well, an
intra-assay coefficient of variation of 4%, and an
inter-assay coefficient of variation of 9%. Using this
assay we were able to detect concentrations as low
as 3 ,ug/l in urine.

Urine creatinine concentration. The urine creatinine
concentration was measured using a semiautomated
alkaline picrate method.

Statistical methods

Table 1 Albumin excretion rate

Geometric Tolerance No
mean factor
(tng24h/11 73 in-)

Boys 6-64 1-98 183
Girls 8 30 2-21 191

(ggIminll-73 m2)
Boys
Day 5-64 2-25 183
Night 2-77 1-89 183

Girls
Day 7-66 2.43 191
Night 2-98 1.84 191

The 24 hour albumin excretion, day and night-time
albumin excretion rates, and albumin creatinine
ratios were not normally distributed but showed
positively skewed, thin peaked distributions. On
logarithmic (base 10) transformation, these distribu-
tions became more Gaussian. Logarithmic trans-
formation improved gl,13 a measure of skew, from
the range +0-01 to +0-02 on the raw data to the
range +1*6x 10-3 to 6-Ox 10-3. Similarly g2,13 a
measure of kurtosis, improved on logarithmic trans-
formation from the range +4-82 to +15*58 on the
raw data to -0-31 to +0 95.

All further analyses were performed on trans-
formed data and standard statistical methods14 were
used. All tests of significance were two tailed. The
results are expressed antilogged with a geometric
mean (GM) equivalent to the arithmetic mean of the
logged data, and a tolerance factor (TF) equivalent
to the standard deviation of logged data, except that
the GM is multiplied or divided by the TF. Normal
ranges (Figs. 5 and 6) are given with the appropriate
tolerance factors around each regression line.
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Results

Urinary albumin excretion. The 24 hour albumin
excretion in girls and boys is shown in Fig. 1 and
Table 1. Albumin excretion in girls was significantly
greater than in boys (P<0.001) and the variance of
values in girls was also significantly greater than the
variance in boys (P<0.05). There was a small but
significant increase in the 24 hour albumin excretion
rate related to age in both boys and girls between
the ages studied (4 to 16 years) (P<0-001).

Albumin excretion rate-daytime and night-time.
Day and night-time excretion rates are shown in
Figs. 2 and 3 and Table 1. The albumin excretion
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Fig. 1 Twenty four hour urinary albumin excretion rate.
Geometric mean and tolerance factors are shown at each age
for boys and girls agedfrom 4 to 16 years.

Day
Girls

Boys

1'

Night

Boys Girls

NSP4:0-001

p <0-001
Fig. 2 Daytime and night-time urinary albumin excretion
rates. Geometric mean and tolerance factors are shown for
the total daytime and night-time collections ofthe entire
study group.
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Fig. 3 Daytime and night-time urinary albumin excretion
rates. Geometric mean and tolerance factor are shown at
each age for boys and girls agedfrom 4 to 16 years.

Table 2 Albumin creatinine ratio
(lOx (albumin (mgll) - creatinine (mmol/J))

Geometric Tolerance Range* No
mean factor

Boys 6 90 1-89 1-93 to 24-65 183
Girls 10-05 212 2-24 to 45 17 191

Boys
Day 8-08 2-09 1-85 to 35-29 183
Night 4.59 1.85 1-34 to 15-71 183

Girls
Day 13-07 2-37 2-33 to 73-41 191
Night 5-24 1-81 1-60 to 17-17 191

Conversion factor-to obtain a ratio of IOx(albumin mg/l-creatinine mg/I)
divide by 113-1.
*Range=geometric meanX (tolerance factor)2.

difference when night-time albumin excretion was
considered. There was a significant positive correla-
tion between daytime and night-time albumin excre-
tion (r=0.42, P<0001). All albumin excretion
rates-day and night, in boys and girls-showed a
significant though small rise with age (P<0-02).
There were no significant differences in urine flow
rates between girls and boys, and flow rates (cor-
rected to 1-73 m2) did not change significantly in
relation to age.

rate in the daytime significantly exceeded the
night-time rate (P<0.001). In both girls and boys the
geometric mean and variance of daytime albumin
excretion significantly exceeded the geometric mean
and variance of the night-time rate (P<0.001).
Although the daytime albumin excretion in girls was
significantly greater than the daytime albumin ex-
cretion in boys (P<0-001), there was no significant
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Fig. 4 Albumin creatinine ratios. Geometric mean and
tolerance factors are shown for the 24 hour, day, and
night-time urine collections of the entire study group.

Albumin creatinine ratio-daytime and night-time.
Albumin creatinine ratios are given in Fig. 4 and
Table 2. The daytime albumin creatinine ratio in
girls significantly exceeded the night-time ratio
(P<0-001) and the variance of the daytime albumin
creatinine ratio significantly exceeded the variance
of the night-time ratio (P<0.001). Similarly, in boys
the geometric mean and variance of the daytime
albumin creatinine ratio were both significantly
greater than the geometric mean and variance of the
night-time albumin creatinine ratio (P<0-001 and
P<0-02 respectively).

Table 3 Relation between the albumin excretion rate
(,uglmin/l.73 m2) and albumin creatinine ratio (lOx(albumin
(mgll) .creatinine (mmol/l))

No r P value

Boys
Day 183 0-87 <0 001
Night 183 0-77 <0-001

Girls
Day 191 0-91 <0-001
Night 191 0-82 <0-001

Total 748 0-89 <0-001
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Fig. 5 Normal ranges of24 hour urinary albumin
excretion. The calculated regression lines are shown for
24 hour urine collections in normal boys and girls aged
from 4 to 16 years.

TF=tolerance factor.

The daytime albumin creatinine ratio in girls was
significantly greater than in boys' (P<0-001) and at
night-time the albumin creatinine ratio for girls was
significantly greater than the boys (P<O-05). The
variance of the daytime ratio in girls was signifi-
cantly greater than the variance of the daytime
albumin creatinine ratio in boys (P<O-05) but there
was no difference in the variance of the night-time
ratio between boys and girls.
The albumin creatinine ratio showed no signifi-

cant relation to age. Albumin creatinine ratios
correlated well with albumin excretion rates
(Table 3).

Normal ranges of albumin excretion rates and
albumin creatinine ratios. Regression lines with
appropriate tolerance factors are given in Figs. 5 and
6 for the albumin excretion rates in relation to age.
Each geometric mean was multiplied or divided by
the tolerance factor to give the equivalent of one
standard deviation and was multiplied or divided by

the square of the tolerance factor to give the
equivalent of two standard deviations from the
mean. Table 2 shows the normal range about the
geometric mean of the albumin creatinine ratio
obtained by multiplying or dividing by the square of
the tolerance factor.
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Fig. 6 Normal ranges ofdaytime and night-time urine
albumin excretion. The calculated regression lines are
shown for day and night-time urine collections in normal
boys and girls agedfrom 4 to 16 years.

TF=tolerance factor.
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Discussion

The ELISA method5 for measuring urinary albumin
compares favourably in terms of sensitivity, selec-
tivity, accuracy, and precision with radioimmuno-
assay'112 and immunonephelometry.6 Appreciable
amounts of albumin were measured in all urine
samples from normal children in this study. Logar-
ithmic transformation of albumin excretion rates has
been applied in relatively few studies' -4 but is
essential in achieving normal distribution and facili-
tates statistical comparisons.
Comparisons with other studies of total daily

albumin excretion are difficult-the geometric mean
in this study was 6-6 mg/24 h/1 73 m2 for boys and 8-3
mg/24 h/1-73 m2 for girls. Ellis and Buffone6 re-

ported a mean of 5-5 mg/24 h in children but did not
transform the data and did not correct for surface
area. The results in our study, however, are similar
to those reported for adults (if one assumes an

average adult surface area of 1-73 m2). Bergg'ard and
Risinger9 reported a mean daily albumin excretion
of 7-8 mg, Peterson et all' 10-0 mg, and Miles et al'
10-1 mg.

There is no previous report to our knowledge of a

significant sex difference in urinary albumin excre-

tion, a very clear finding at all ages in this study.
Hemmingsen and Skaarup'5 failed to find any
difference between males and females in 24 hour
urine collections from 221 adults and 18 children,
and Bohn,'6 measuring albumin concentrations of
overnight urine samples in 205 nephrologically
normal subjects, found no significant sex difference.
Either failure to correct for surface area obscured
the sex difference in the two latter studies or no
difference in urinary albumin excretion occurs in
adults. It would be interesting to extend the present
study beyond the ages of 4 to 16 years to answer this
question. Because of differences in lean body mass17
one would expect the difference to be accentuated
by relating albumin excretion to creatinine excre-
tion, and indeed there was a significantly higher
albumin creatinine ratio in girls, at night as well as

during the day. But there was no difference between
the boys' and girls' albumin excretion rate at night.
There was no significant difference in flow rates
between girls and boys to account for the higher
albumin excretion rate in girls, and the difference
was unlikely to be due to higher plasma concentra-
tions of albumin in girls; indeed serum albumin is
higher in boys than girls. 8 (We considered it
unethical and impractical to estimate plasma consti-
tuents at the onset of this study.) It is difficult to
ascertain the amount of albumin added by contact of
urine with the female perineum, but if this is
negligible there may be a genuine difference

Urinary albumin excretion in school children 629

between boys and girls in glomerular or tubular
handling of albumin which requires further inves-
tigation.
The difference in albumin excretion rates during

daytime and night-time has long been known, 9 20
and it is likely that upright posture accounts for part
of the increase in albumin excretion rates during the
daytime. Increases in albumin excretion rates during
minor exercise, for example running in play, prob-
ably contribute to the increase in daytime rates. It is
noteworthy that the higher albumin excretion during
daytime is seen when absolute excretion rates are
calculated and also when related to creatinine
excretion.
The small but significant age related increase in

albumin excretion rates in boys and girls for both
day and night has not been reported previously.
There is no age relation when albumin creatinine
ratios are calculated for this age range, presumably
due to increasing lean body mass and creatinine
excretion with age. In their key paper on the
albumin creatinine ratio, Barratt et al 8 showed a
negative correlation with body size; the major
contribution to the correlation being the high ratio
in neonates attributed to increased permeability of
the neonatal glomerulus. The magnitude of the age
and sex effects on albumin excretion rates is small
when compared with the difference between day
and night-time. For example, daytime albumin
excretion rates in girls are approximately 4/3 of
daytime albumin excretion rates in boys. Compare
this with the 8/3 difference in albumin excretion
rates in girls beween day and night-time. The mean
albumin excretion rate of 4 year old girls was
approximately half that of 16 year old girls in the
daytime. The choice of collection period, either
daytime or night-time, is the most important factor
determining albumin excretion.
The use of the albumin creatinine ratios as a

measure of glomerular dysfunction was commended
by Barratt et al 8 for sound practical reasons, in that
a random urine can be used, and precise timing of
urine collection and blood sampling are unneces-
sary. There is a practical advantage in measuring the
night-time albumin excretion rate rather than a 24
hour albumin excretion rate because collection is
easier. The night-time excretion of albumin is lower
and the variance is significantly smaller. This is of
interest, but it is too early to give a value judgement
on the relative merits of the daytime, night-time,
and 24 hour albumin excretion rates and the
albumin creatinine ratio as a sensitive indicator of
early and minor renal changes such as those seen in.
diabetes mellitus. Furthermore, the 24 hour, day-
time, and night-time albumin excretion rates and
daytime and night-time albumin creatinine ratios
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must be compared with albumin excretion after
provocative stimuli such as exercise. Our own early
observations suggest there may be increasing
variance in albumin excretion, dependent on the
parameter measured, the lowest variance occurring
at night-time and the highest occurring during
exercise testing. It may be that a low variance is
important when looking for reproducible but minor
abnormalities of albumin excretion in a given
individual.

Finally a plea must be made in seeking uniformity
in the units used to express albumin excretion. We
suggest that there should be correction for surface
area (although the authors have no remit for 1-73 m2
rather than 1-0 mi2). The best compromise at the
moment seems to be the use of ug/minJ1-73 m2 for
short collection times such as exercise tests, or
night-time collections, and mgl24 hour/1-73 m2 for
the measurement of 24 hour albumin excretion. It is
hoped the normal ranges so expressed and con-
tained in this study provide a useful basis for the
further investigation of pathological conditions.
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