I

Acta Paediatr 82: 857-62. 1993

Urinary albumin excretion rate and puberty in non-diabetic children

and adolescents

H-J Bangstad. K Dahl-Jorgensen. P Kjersgaard, K Mevold and K Hanssen

Depariment of Pacdiatrics, Department of Internal Medicine, Aker Unirersity Hospital and Aker Diaberes Research Centre, Osto and

Moedstar Rescarch, Lillestrom. Norwvay

Bungstad H-J, Dahl-Jorgensen K. Kjiersgaard P. Mevold K. Hanssen K. Urinary albumin exerction
rate and puberty in non-diabetic children and adolescents. Acta Piediatr 1993:82:857--62. Stockholm,
ISSN 08035253

Slightly clevated urinary albumin excretion rate (microatbununuria) is a marker of carly diabetic
nephropathy. but it is unclcar if the established definition of microalbuminuria (20 -200 pg:min) is
correct for children and adolescents. We investigated the albumin excretion rate. albumin/creatinine
ratio and urinary albumin concentration in 150 healthy schoolchildren and adolescents to (@) obtain a
reference value for albumin excretion rate. (b) relate albumin cxcretion to pubertal stages and (c¢)
cvaluate albumin/creatinine ratio and morning albumin concentration as screening methods for
clevated albumin excretion rate. Albumin concentration was measured by immunoturbidimetry in
timed overnight urine samples. The albumin excretion showed a skewed distribution {gcometric mcan
3.2 pg/min, 95 pereentile 15.1 pg/min). In girls, a peak in the albumin excretion rate was found at the
pubertal stage 4 (Tanner) and in boys at stage 5. Albumin/creatinine ratio of 2.5 mg/mmol as a
screening level for clevated albumin excretion (35 ug/min) showed a high positive (0.88) and ncgative

(0.99) predictive value. O Microalbuminuria, non-diabetics, puberiy, reference value, screening

H-J Bangstad, Departmient of Paediatrics, Aker University 'ilo.vpilul. 0514 Oslo. Norway

Elcvated urinary albumin excretion rate (AER) has been
shown to be a predictor of overt nephropathy in insulin-
dependent diabetes mellitus (1-3) and is now regarded
as a marker of early nephropathy (4-8). As yet, there is
no generally accepted normal range for urinary albumin
excretion rate in non-diabetic children and adolescents.
Previous studies in diabetic patients (9-12) and non-
diabetic subjects (9. 12-14) have related urinary albumin
excretion to age and gender, but not specifically to
pubertal development.

Timed overnight urine samples are probably the most
precise way to measure AER. The method is rather
cumbersome and a more simple screening procedure is
required (15-17).

The main purpose of this study was to investigate a
possible relationship between urinary albumin excretion
and graded pubertal development in healthy non-
diabetic children and adolescents. A second objective
was to obtain an age-related normal range for urinary
albumin excretion and to cvaluate the quality of screen-
ting methods (albumin concentration and albumin/
creatinine ratio) for clevated AER in this age group.

Paticnts and methods

Subjects

One hundred and fifty children and adolescents (76 girls
and 74 boys. mean age 13,5 years, range 10 18,5 veurs)

from six diflerent schools agreed to deliver timed urine
samples from two consecutive nights. The children had
no known renal or systemic disease. Informed consent
was obtained from the children and their parents.

Sumples

Each child received a careful written instruction to
ensure accurate coliection time. Girls with ongoing
menstruation were not asked to deliver urine samples.
No restrictions were given concerning physical activity
the day preceding the collection of overnight urine. The
first of the two samples was kept in the refrigerator at
home for 24 h before the two samples were returned via
the school. The urine samples were stored at 4 C and
analysed’ within three wecks (18). Eight samples con-
tained traces (1+4) of cither nitrite or leucocytes (not
both). These urine samples were not cultivated for
bacteria and were included in the statistical analysis.
Both samples from 7 children (in S subjects because of
sampling crrors, 1 had proteinuria and 1 was newly
treated for cosinophilic granuloma) and single samples
from 3 paticnts (sampling crrors) were rejected.

Methody

Urinary albumin concentration was measured by immu-
noturbidimetry. The inter-assay cocthicient of variation
was 4.7 i the range of 10 50 mg’l.
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Nephur-Test plus Leuco  (Boehringer Mannheim
GmbH, Mannheim, FRG) was used for the determina-
tion of leucocytes. nitrite, glucose. ketones and albumin.

Urinary creatinine was analysed essentially according
to Jaffe. without protein precipitation (19), and by
recording colour development at 550 nm using an
automated analyser (Hitachi 737). The samples were
diluted | in 9 with distilled water.

Pubertal development was assessed by Tanner’s stag-
ing of pubic hair. The scoring was performed by the
local school nurses trained in using this method.

Body mass index (BMI) was calculated
weight(kg)/[height(m)}.

from:

Statistical methods
For the statistical analysis we used the results from one
urine sample per paticnt. The first of two samples was
used in 140 patients. In 3 patients, only a single sample
could be obtained.

Variables with a continuous distribution are
expressed as mean values with SD, median values. Sth
and 95th percentiles and total ranges. Urinary AER,
albumin concentration and albumin/creatinine ratio
were found to have significantly skewed distributions
and were logarithmically transformed before statistical
analysis: 95% confidence intervals for the logarithmi-
cally transformed means uarc constructed using the
Student’s procedure (20). Comparisons between groups
were carried out using the Student’s -test. Bonferroni
corrections were used in single variable analysis (21).
Methods were compared using a lincar regression model
with Fisher tests of the coeflicients. Multiple lincar
regression was used to study the simultaneous effect of
various variables on AER. All tests were carried out
two-tailed and a signiticance level of 5% was used.

Results

A skewed distribution (Fig. 1) for urinary AER was
found. The geometric mean was 3.2 ug/min and the 95th
percentile 15.1 pg/min (Table 1).

AER was related to pubertal stage. but the pattern
differed according to gender. In girls, we found an
increase in AER, with a maximum at Tanner stage 4
(Fig. 2). The AER values at stage 4 were significantly
higher than the values at stage | (p<0.005) and §
(p<0.05). In boys. however, no significant increase in
AER was found until Tanner stage 5 was reached (stage
5 versus stage | and stage 2. p <0.05) (Fig. 2).

Dividing the subjects into children < 13 years of age
and adolescents (=13 yeuars) revealed a significantly
increased (p <0.01) AER in the teenage group (Table 1).
In girls, no correlution between age and AER was found
(Fig. 3). in contrust to the correlation (r=0.30) found
between these parameters in boys. Multiple lincar
regression analysis with AER as the dependent variable
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Fig. 1. Distribution of timed overnight urinary albumin excretion rate
in 143 healthy children and adolescents from 1) 1o 18 veurs of age.

and BMI, pubertal stage and age as the independent
variables was performed. In girls AER showed a weak.
but significant correlation only with pubertal stage
(r=0.25, p<0.005). No significant correlation with
pubertal stage or age was found in boys. Furthermore. a
weak negative correlation (r=-—0.13) was found
between BMI and AER.

The distribution of albuminj/creatinine ratio (A/C
ratio) in the material was similar to that obtained for
AER (Fig. 1}. When correction for urinary creatinine
excretion was made, the assoctation between AER and
age and pubertal development was not seen among boys
(Figs 4 and 5). In girls, however, a different pattern was
observed: decreased A/C ratio in the oldest age groups
(16 years versus 10, 12 and 14 years of age, p <0.05) and
in Tanner stage 5 versus 4 (p <0.05).

Table 1. Albumin excretion rate (AER) and albumin/creatinine ratio
(A/C ratio) in urine in healthy schoolchildren (<13 years) and
adolescents (> 13 years).

AER (pg/min) A/C ratio (mg/mmol)

" 143 143

Mecan (§D) 4.7(5.3) RANY ]
Median 30 0.0
Range 0.2-34.6 0.2 135
5 95th percentile 11151 0.3 30
n (<13 years) 76 76

Mean (SD) 3.7(3.9) 1.0 (0.9)
Median 24 0.7
Range 0.2 234 0252
5 95th pereentife 1O 133 0.3 3.0
n (> 13 years) 67 67

Mean (S} 5.8(64) 1.1¢19}
Median 4.0 0.6
Range 1.1 346 0.2 1S
S 95th pereentile 1.3-20.4 0237
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Fig. 2. Timed overnight urinary albumin excretion rate (AER) in healthy boys (n=70) and girls (n=73) from 10 to 18 ycars of ége related to
pubertal stage (Tanner). Geometric mean and 95% confidence intervals (number of patients) are presented.
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Fig. 2. Timed overnight urinary albumin excretion rate (AER) related to age in healthy boys (1= 70) and girls (1 = 73) from 10 10 18 years of age.

Geometric mean and 93% confidence intervals (number ol patients) are presented.
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Fig. 4. Urinary albumin creatininc ratio in healthy boys (n=70) and girls (2 =73} from 1010 [8 yeurs of age related to pubertal stage. Geometric
mean and 95% confidence intervals (number of patients) are presented. i
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Fig. 5. Urinary albumin. creatinine rutio related 1o age in healthy boys (n= 70y and girls (1 = 73) from 10 1o 18 years of age. Geometric mean and
25%, contidencegntervals (number of patients) are presented.
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Tuble 2. Subjects grouped according to urinary albunun excretion rate
(AER) and albumin;creatinine ratio,

Urinary a2umin excretion rate and puberry SOt

Tuble 3. Subjects grouped according to urinary albunin excretion rite
(AER) and morning urinary albumin concentration.

Albumin.creitimine ritio

23 s L3

mg:mmol

mg muol Totul

AER < 1S pg:min 134 I 135
AER > 15 pg;min 1 7 8
Total 135 X 143

Sensitivity: (7 |+ 7)=0.88: specificity: (1347134 + 1) = 0.99: positive
prediction value: (7/1+7); 0.88: ngguli\'c prediction vadue: (134
134+ 1)=0.99.

Two screening methods for elevated AER (> 15 ug/
min =the 95th percentile) were evaluated. First. there
was a strong correlation between AYC ratio and AER
(r=0.90). The 95th percentile for A/C ratio was 3.0 mg/
mmol. We used, according to the guidelines for nephro-
pathy in the declaration of St Vincent (22). 2.5 mg/mmol
as the screening level and found a sensitivity of 0.88,
specificity of 0.99, a positive prediction value of 0.88 and
a negative prediction value of 0.99 (Tablc 2). Second, a
correlation (r=0.88) was found between albumin con-
centrationand AER, but a large number of false positive
vatlues resulted in a low positive prediction value (0.35)
(Table 3).

Discussion

In the present study, we found a significant association
between AER and pubertal development stage in non-
diabetic children and adolescents. Previous studies have
not addressed this question direstly. However, a Danish
study relating AER to body surface and Tanner’s stages,
found that in Tanner stages 2-4, the ratio between AER
and body surface gradually approached the level found
in stage S5 (12). Another study found a relationship
between AER and stimulated serum growth hormone
concentration (9). In the present study, girls appeared to
have a peak AER at Tanner stage 4, whereas in boys, we
saw no increase in AER until they reached full maturity
at Tanner stage 5.

The main hormonal changes during puberty of
interest in this context are the increased levels of growth
hormone, insulin and sex steroids. The increased growth
hormone secretion is partly responsible for decreased
insulin sensitivity observed in the same period (23).
Neither growth hormone nor insulin have been shown
to affect AER (24). In rats (female BB with spontancous
insulin-dependent diabetes and male Sprague Dawley
with streptozocin-induced diabetes), however. cast-
ration prevented increased vascular permeability of
I -labelled albumin in different organs (235). This
indicates that sex steroids do modulate albumin permea-
tion in general and may partly explain the results of the

Afbumin concentrition

s20mp = 20 mg ) Total
AER <13 pg min 122 13 135
AER > 15 g min 1 7 8
Total 123 20 143

speciticity: (122/122+ 13)=0.90;

Sensitivity: (71 +7) = Q.88;
positive prediction vitlue: (7 7+ 13) = 0.35; negative prediction value:
1227122+ 1y =099,

present study. Obviously one has to be cautious in
interpreting the data. The increased albumin permea-
tion was in diabetic rats (235) and not in heaithy non-
diabetic adolescents.

Studies in non-diabetic children and adolescents have
shown a relationship between age and AER (12, 14). In
our study there was no clearcut relationship belween age
and AER. In girls, the eldest subgroup had AER levels
in the same range as the youngest. An inexplicable peak
in AER for girls at 14 vears of age underlines the lack of
AER-age association. In boys, a tendency towards a
correlation between age and AER was found, but when
multiple lin€ar regression analysis with BMI, age and
pubertal stage as independent variables was applied, the
correlation did not reach statistical significance. Studies
in young insulin-dependent patients have shown an
association between AER and age. puberty or both (9.
10. 17. 26). Our results question if the findings in diabetic
patients are related to normal physiological changes or
express aspects of diabetic metabolic or hormonal
dysfunction.

Screening for AER has so far been of interest only in
patients with diabetes mellitus. However, in non-dia-
betic adults, AER is associated with hypertension and
increased mortality risk (27. 28). but this aspect has not
been illuminated in children and adolescents.

It is commonly accepted that the amount of urinary
creatinine excretion is a measure of total muscle mass
(29) and thus related 10 the stage of pubertal develop-
ment. In the individual patient. the urinary creatinine
excretion is rather constant. When we related albumin
to creatinine excretion, we found that the urinary A/C
ratio in boys was not associated with cither age or
pubertal stage, whereas in girls a trend towards de-
creased values was observed for A/C ratio in the older
age groups and for subjects who had reached Tanner
pubertal stage 5.

Since AER is time consuming and cumbersome to
perform, we wanted to evaluate morning albumin
concentration (MAC) and A/C ratio as screening
methods. According to our results, > 15 ug/min was
taken as an appropriate level for elevated urinary AER.
Both A/C ratio and MAC corrclated well with AER
(r=090 and r=088. respectively). MAC yiclded a
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considerable percentage of false positive results and
therefore cither repeated tests or unnecessary high
numbers of timed measurements are needed. However.
by using one of the new semiquantitative methods
(30, 31). which give a quick “bedside™ result. this
disadvantage is partly reduced as several tests may be
performed easily. The fact that A/C ratio varies only
slightly with age or puberty in non-diabetics. makes it a
practical screening method for AER in children and
adolescents and probuably cven in patients with diabetes
mellitus. :

We have found a significant relationship between
puberty and elevated urinary AER in non-diabetic
healthy children and adolescents. The pattern observed
secems to be different in girls and boys. The A/C ratio
appears to be the best screening method for elevated
urinary AER in children and adolescents.
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