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ABSTRACT. Microalbuminuria precedes the onset of diabetic nephropathy in insulin-dependent
diabetes mellitus (IDDM) pediatric patients. Its prevention is among the most important chal-
lenges in managing IDDM. We attempted to determine the occurrence of microalbuminuria
among IDDM Saudi children and adolescents and its associated risk factors. This is a retros-
pective cross-sectional study conducted on 409 IDDM children and adolescents attending the
pediatric clinic at King Abdul-Aziz University Hospital from 2006 to 2010. Their ages ranged
from 1 to 18 years and the mean + standard deviation (mean + SD) was 12.3 + 4.1 years. Twenty-
four-hour urinary albumin excretion (on two separate occasions or more, 3 - 6 months apart each),
HbA1c, duration of IDDM, Tanner staging and body mass index (BMI) were reviewed. Preva-
lence of microalbuminuriain our cohort was 11.3%. IDDM duration was=2 years in 55.8% of our
patients; of them, 15.6% had microalbuminuria while 45.2% had IDDM duration <2 years (6%
had microalbuminuria) (P <0.01). The prevalence of microalbuminuria was higher among the
post-pubertal subjects (50%) than that among the pre-pubertal (8.7%) and pubertal (41.5%) sub-
jects. Furthermore, microalbuminuria was present in 16.7% of those with elevated blood pressure,
but only in 8.5% among those with normal blood pressure (P <0.05). The enrolled overweight and
obese subjects showed a higher prevalence of microalbuminuria (14%) when compared with that
among those with a normal BMI (6.6%) (P <0.05). In our cohort, duration of IDDM, puberta
status, hypertension and BMI affected the prevalence of microalbuminuria. Annual screening for
microalbuminuriain IDDM children and adolescents is imperative.
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demonstrate persistent elevations in urinary
albumin excretion.*® The high rate of regres-
sion and transient nature of microalbuminuria
in young people with IDDM has been attribu-
ted to changing rena hemodynamics associa-
ted with pubertal growth and development.>”®
Established risk factors for microabuminuria
in adolescents include diabetes duration,>*° poor
metabolic control™*? and hypertension.” Inten-
sified medical intervention represented in strict
metabolic control of diabetes and aggressive
management of hypertension, obesity and dydli-
pidemia have led to a decrease in the incidence
of nephropathy over the past decades.**®

Microalbuminuria has been established as an
early marker of progressive kidney disease in
diabetes,'® starting at a pediatric age.**® The
presence of microalbuminuria predicts and pre-
cedes the onset of diabetic nephropathy, and it
correlates with early diabetic glomerulopa-
thy.” Indeed, among IDDM patients, micro-
abuminuriais often considered the first inexo-
rable step toward progression to macroal bumi-
nuria and, ultimately, end-stage rendl failure.*®
Currently, the albumin excretion rate remains
the best available non-invasive predictor for
diabetic nephropathy and should be measured
regularly according to the established guide-
lines® Recent prospective studies, however,
have shown that the elevated urinary abumin
excretion in IDDM patients regresses to nor-
moalbuminuria in a mgority and advances
toward proteinuriain only a minority of the pa-
tients.” Prevention of the renal complications
of IDDM is one of the most important chal-
lenges in managing the disease. Indeed, im-
proved long-term metabolic control has re-
duced the risk of developing the rena compli-
cations of IDDM among the affected children
and adolescents.?** We attempted to determine
the occurrence of microalbuminuria among
Saudi children and adolescents with IDDM
and its relation to metabolic control, duration
of IDDM, pubertal status, age and elevated
blood pressure in these pediatric patients.

M ethodology

Sudy design, patients and site

This is a retrospective cross-sectional study
conducted on all children and adolescents with
IDDM ettending the pediatrics diabetes clinic
a the King Abdul-Aziz University (KAAU)
Hospital from 2006 to 2010. The study popu-
lation comprised 409 children and adolescents
with IDDM aged from 1 to 18 years. Inclusion
criteria were: Patients who attended the pedia-
trics diabetes clinic for >3 months, patient ages
between 1 and 18 years and HbAlc >6.5%.
Patients with congenital renal anomalies seen
by abdominal ultrasound and those with urina-
lysis positive for leukouria, hematuria, protei-
nuria or signs of urinary tract infection were
excluded.

Number of insulin injections, insulin regimen,
current age, Tanner staging, duration of IDDM,
body mass index (BMI) and blood pressure
readings of the enrolled children and adole-
scents were reviewed from their respective
clinical records. Serum HbAlc, 24-h urinary
albumin excretion (on two separate occasions
or more, 3-6 months apart), urinaysis and
abdominal ultrasound were reviewed from the
KAAU Hospital laboratory and radiology
phoenix database.

Metabolic control and microalbuminuria

All laboratory information was taken from
the KAAU Hospital |aboratory Phoenix sys-
tem. Children and adolescents with a 24-h uri-
nary albumin excretion rate of 30-300 mg/24 h
(on two separate occasions or more, 3-6
months apart) were considered to have micro-
albuminuria. Patients were screened for micro-
albuminuria according to the established Inter-
national Society for Pediatric and adolescent
Diabetes (ISPAD) guidelines, which recom-
mended annual screening from 11 years of age
with 2 years’ IDDM duration, from 9 years of
age with 5 years’ IDDM duration and after 2
years’ IDDM duration in adolescents.® Meta-
bolic control of the enrolled patients was
assessed via the degree of HbAlc control. The
ISPAD recommended that a target HbAlc
level of <7.5% should be achieved without
succumbing to episodes of severe hypogly-
cemia? In this study, the ISPAD recommen-
dations were used for assessing the degree of
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HbA1c control in the enrolled subjects. Addi-
tionally, we defined the onset of normal
puberty as the development of thelarche by the
age of 8 years or older in girls and testicular
enlargement of >4 mL in volume (measured by
the Prader’s orchidometer) by the age of 9
years or older in boys. All children on Tanner
stage | were considered pre-pubertal. All chil-
dren and adolescents on Tanner stages 2 to 4
were considered as pubertal. All adolescents
on Tanner stage 5 were considered post-
pubertal.

Hypertension

Hypertension in children and adol escents was
defined as systolic blood pressure (SBPE
and/or diastolic blood pressure (DBP) >95'
percentile, plotted on the CDC age - gender-
specific blood pressure charts and measured on
three or more separate occasions.

Body mass index

Overweight and obesity for children and
adolescents were defined respectively as a
BMI the =85™ and 95™ percentiles plotted on
Saudi population-specific BMI charts. Age-
and gender-specific BMI z-scores were used as
a continuous dependant variable for children
and adolescents within our cohort. The BMI z-
score was calculated using the World Health
Organization age- and gender-specific BMI z-
score charts. A BMI z-score between 1 and 2
was considered overweight and a BMI z-score
>2 was considered obese. Weight and height
measurements were taken according to the
Saudi population-specific updated growth charts
published by El-Mouzan et a.** Weight mea-
surements were taken with clothes on.

Laboratory Method

Twenty-four-hour urinary albumin excretion
was measured via the SEIMENS Dimension
clinical chemistry system (Healthcare Diag-
nostics Inc. Newark, DE 19714. USA)
MALB Flex reagent cartridges were used. This
method is based on a particle-enhanced turbi-
dimetric inhibition immunoassay (PETINIA),
which dlows direct quantitation of albumin in
a urine sample. The MALB reagent cartridge

contains particle reagents that aggregate to a
monoclonal antibody. Both the particles and
the albumin compete for the antibodies. The
rate of aggregation is measured via a bichro-
matic turbidimetric reading (340 and 700 nm).
Serum HbA1c was measured via the SEIMENS
Dimension clinical chemistry system. GLU
Flex reagent cartridges were used. The labo-
ratory test used was the hexokinase method.

Statistical Analysis

This was primarily a descriptive study of the
entire population of children and adolescents
attending the pediatrics diabetes clinic at the
KAAU Hospital with IDDM; therefore, for
sample size calculations, a priori probabilities
were not calculated. The distribution of all va-
riables was examined graphically and, additio-
nally, with the Shapiro-Wilk test to assess the
normality of distribution for the gathered va
riables. Categorical variables are presented as
percentages and continuous variables as means
(SD) as appropriate. Student’s t-test was used
for comparisons of normal distributed con-
tinuous data and the Mann-Whitney U test and
the Kruskal-Wallis test were used for com-
parisons of non-parametrically distributed
data. The Chi-sguare test and cross-tabulation
were used for the analysis of categorical data.
In the univariate anaysis, odds ratio was cal-
culated for the risk factors. The level of signi-
ficance was expressed as P-value; P >0.05 =
non-significant (NS), P <0.05 = significant (S)
and P <0.001 = highly significant (HS). This
study was approved by the biomedica ethics
department at the KAAU, Faculty of Medicine.

Results

We conducted a chart review on a total of
484 children and adolescents with IDDM
attending the pediatrics diabetes clinic at the
KAAU Hospital from 2006 to 2010. Seventy-
five patients were excluded from the study; 42
patients had leukouria, hematuria and signs
urinary tract infection, 21 had <3 months
follow-up at the KAAU pediatric endocrine
clinic and 12 had congenital renal anomalies
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confirmed by renal ultrasound.

A total of 46 of the 409 (11.3%) children and
adolescents with IDDM had microalbuminuria
in our cohort. In our cohort, the mean age was
12.3 + 4.1 years, 178 were male (43.5%), 231
were female (56.5%), 128 were pre-pubertal
(31.3%), 145 were pubertal (35.5%) and 136
were post-pubertal (33.3%). The mean levels
of HbAlc in our cohort were 9.2 + 2.4%;
315/409 (77%) had HbAlc 27.5%, of whom
34/315 (10.8%) had microalbuminuria while
94/409 (23%) had HbAlc <7.5%, of whom
12/94 (12.8%) had microalbuminuria (odds
ratio = 0.8, P = 0.6). Furthermore, the SBP
percentiles were 130.9 + 15.6 and 119.7 + 14.7
mmHg (P <0.05) and the IDDM duration was
3.6+ 1.8and 2.8+ 1.2 years (P <0.05) among
those with microabuminuria and HbAlc >
7.5% and HbA 1c < 7.5%, respectively.

Duration of IDDM among the enrolled sub-
jectswas 2.8 + 1.4 years; 224/409 (55.8%) had
IDDM =2 years, of whom 35/224 (15.6%) had
microalbuminuria while 185/409 had IDDM
<2 years (45.2%), of whom 11/185 had micro-
abuminuria (6%) (odds ratio = 2.9, <0.01).
The prevalence of microalbuminuriawas higher
among post-pubertal children and adolescents
with IDDM (23/46 - 50%) than that among

pre-pubertal (4/46 - 8.7%) and puberta chil-
dren (19/46 - 41.5%) (Table 1). All the IDDM
pre-pubertal children who developed micro-
albuminuriahad IDDM duration >4 years.

A total of 138/409 (33.7%) subjects had blood
pressure >95 percentile, of whom 23/138
(16.7%) had microalbuminuria while 271/409
(66.3%) had normal blood pressure, of whom
23/271 (8.5%) had microalbuminuria (odds
ratio = 2.2, P <0.05). Eleven IDDM patients
with microabluminruia (47.8%) had elevated
SBP, three (13%) had elevated DBP and nine
(39.13%) had both elevated SBP and elevated
DBP. In our cohort, 258/409 (63.1%) subjects
had a BMI z-score >1, of whom 36/258 (14%)
had microalbuminuria, while 151/409 (36.9%)
were not overweight, of whom 10/151 (6.6%)
had microalbuminuria (odds ratio = 2.2, <0.05).
Twelve IDDM patients with microalbuminuria
(26.1%) had a BMI z-score between 1 and 2
and 22 (47.8%) had a BMI z-score >2. More
than half of our cohort were females [231/409
(56.5%)], of whom 30/231 (13%) developed
microalbuminuria while 178/409 (43.5%) were
male, of whom 16/178 (9%) developed micro-
albuminuria (odds ratio = 0.7, P = 0.3). Addi-
tionally, among those with microalbuminuria,
females had mean SBP percentiles of 131.6 +

Table 1. Comparison of the baseline patient characteristics between subjects with microalbuminuria and

those without microalbuminuria

Subj ects without Subjectswith
microalbuminuria | microalbuminuria P-value
(n =363) (n =46)
Age (years) 13.9+3 12+2.8 0.06
Gender (female) 201 (55.4) 30 (65.2) 0.3
Pre-pubertal (total; 128) 124 (96.9) 4(3.1) <0.05*
Pubertal (total; 145) 126 (86.9) 19(13.1)
Post-pubertal (total; 136) 113(83.1) 23 (16.9)
IDDM duration (years) 27+13 3.6+16 <0.001
HbAlc (%) 88+21 10.2+29 <0.05
BMI z-score 1.1+04 21+x14 <0.001
Number of insulin injections per day (for 26+0.6 28+05 05
patients on injection therapy)
Insulin pump treatment (total; 20) 14 (3.9) 6 (13.1) <0.05
Systolic BP percentile (mmHQ) 121.6+ 13.3 128.8+ 14.8 <0.05
Diastolic BP percentile (mmHg) 73.8+ 10.8 779+ 11 <0.05

Values are n (%) or mean = SD. *This P-value represents the comparison between post-pubertal and pre-

pubertal - pubertal enrolled subjects combined.

IDDM: Insulin-dependent diabetes mellitus, HbAlc: Glycated hemoglobin, BMI z-score: Age- and

Gender-adjusted body mass index, BP: Blood pressure
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14.2 while males had mean SBP percentiles of
120.9 + 13.6 mmHg, P <0.05.

Discussion

In our cohort of 409 pediatric patients, the
prevalence of microalbuminuria was 11.3%.
Severa studies worldwide have attempted to
establish the prevalence of microalbuminuria
among children and adolescents with IDDM.
In the Oxford Regiona Prospective Study of
young people with IDDM, the prevalence of
microalbuminuria was 13-26%.> Severa groups
from Australia have reported prevalence rates
of 6-18% for microalbuminuria among chil-
dren and adolescents with IDDM.4,6 In a
Swedish cohort of 426 pediatric patients with
IDDM, the investigators found a prevalence of
microal buminuria of 5.6%.% In our study, mic-
roalbuminuria was associated with longer
duration of IDDM, pubertal status, elevated
blood pressure (mainly systolic) and above-
normal BMI.

One-third of the patients with IDDM develop
advanced nephropathy, and the rena status of
probands of diabetic patients makes a diffe-
rence of nearly 50% in risk.”® Generalized gly-
cocayx damage occurs in diabetes and is
associated with microalbuminuria®’ Further-
more, IDDM patients have decreased systemic
glycocalyx volume, and this correlates with the
presence of microalbuminuria®® Progressive
glomerular dysfunction was thought to be the
primary mechanism causing increased urine
protein excretion; however, tubulointerstitial
disease may have an important role in the
pathogenesis and progression of diabetic neph-
ropathy.*% Although it has been proposed
that proximal renal tubule injury and dys
function could be important in the early in-
creases in urine albumin excretion, this issue
has not been adequately investigated due to the
lack of sengitive tests of proximal tubule injury
in humans.**%** Although microal buminuria has
generally been attributed to glomerular injury,
nephrotoxicity studies in animals revea that
microalbuminuria is a sensitive marker of
early tubular toxicity.* Vaidya et a* sugges-
ted that early microalbuminuria observed in

many IDDM patients may be partialy due to
tubular injury resulting from hyperglycemia
and other metabolic factors, and that the deg-
ree of tubular injury may be associated with a
more favorable microa buminuria outcome. He
also provided strong evidence that tubular
injury is an important component of the natural
history of microalbuminuriain IDDM.*

Metabolic control is imperative in the pre-
vention of diabetic complications, particularly
rena disease; several trials reported a 40% risk
reduction for the development of microalbu-
minuria in intensively treated patients when
compared with conventionally treated ones.*>*’
Elevated HbAlc, used as an indicator of
hyperglycemia, is a reliable and well-esta-
blished risk factor for diabetic kidney disease
in pediatric-onset IDDM.>**%* Both the Dia-
betes Control and Complications Trial Research
Group and the follow-up Epidemiology of
Diabetes Interventions and Complications
study concluded that intensive management of
IDDM rather than the conventional approach
yielded fewer episodes of hyperglycemia and
more of normal and near-normal glycemia,
ultimately delaying the development and prog-
ression of diabetic nephropathy.™*° The majo-
rity of enrolled patients (77%) had poor meta-
bolic control of their IDDM, of whom 10.8%
developed microalbuminuria. Paradoxically,
the incidence of microalbuminuria in the pre-
sent study was higher (12.8% vs. 10.8%) among
those with HbA1c <7.5%, which suggests that
other factors might be associated with the
prevalence of microalbuminuria in our cohort.
Several studies have reported an increased risk
of microalbuminuriain poorly controlled IDDM
pediatric patients.***

The duration of IDDM affected, proportio-
nately, the prevalence of microalbuminuria in
our cohort; several studies reported similar
findings.*** Surprisingly, a higher percentage
of young patients developed microalbuminuria
in comparison with older patients (Table 1).
Several studies reported that patients with
microalbuminuria were generally older than
those without microalbuminuria.**** However,
Alleyn et a reported no difference in the
occurrence of microalbuminuria with respect
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to patient age.* The prevalence of microalbu-
minuriaincreased in our cohort as children and
adolescents advanced through the puberta
stages, with the highest prevalence of micro-
abuminuria noted in post-pubertal adol escents
(Table 1). Several studies reported similar
findings.>* Interestingly, a number of studies
have indicated that pre-pubertal duration of
diabetes delays the onset of diabetic nephro-
pathy.>'**% Such reports must not be mis-
interpreted, however, as poor metabolic con-
trol in pre-pubertal children will ultimately in-
crease the risk of microvascular complications
among IDDM patients, but some evidence
suggests that it will do so only at a lower
rate.*®

In the present study, atotal of 33.7% subjects
had elevated blood pressure, of whom 16.7%
developed microalbuminuria compared with
only 8.5% of those with normal blood pressure
readings. Furthermore, SBP was found to be a
contributing factor to the prevalence of micro-
albuminuria in our cohort (Table 1). Severd
studies concluded that arterial hypertension
was arisk factor in the development of micro-
abuminuria among IDDM pediatric patients,***
while Alleyn et a reported no difference in
blood pressure percentiles with respect to the
occurrence of microalbuminuria® The preva-
lence of microalbuminuria among overweight
and obese children was 14%; IDDM patients
with normal BMI expressed a lower preva-
lence of microalbuminuria (6.6%). Additionaly,
those with microalbuminuria had a higher
mean BMI when compared with children who
did not develop microalbuminuria (Table 1).
Stone et a® reported an increased risk of
microalbuminuria among IDDM pediatric pa-
tients with above-normal BMI, while Alleyn et
a”® reported no difference in BMI with respect
to the occurrence of microabuminuria. The
prevalence of microalbuminuria was higher
among females. Several other studies also
reported a female gender preponderance;**
however, Raile et a. stated that male gender
carried a higher risk of developing microalbu-
minuria.*” In those who developed microalbu-
minuria, comparison of different genders showed
that females had a higher SBP on average,

which we believe to be the contributing factor
to the female gender preponderance of micro-
albuminuriain our cohort.

Study Limitations

This is a retrospective study designed to
describe the occurrence of microalbuminuria
among Saudi children and adolescents with
IDDM attending the KAAU pediatric endo-
crine clinic. Unfortunately, we were not able to
assess the following: Intervals between onset
of symptoms and start of treatment, com-
pliance to therapy and family history of dia-
betes for enrolled subjects due to data collec-
tion obstacles. Furthermore, because of the
limited access to a senior statistician, we were
only able to perform univariate analysis in
order to assess the relation between microal bu-
minuria and the collected variables. Multi-
variate analysis would provide a more accurate
correlation. Future studies attempting to des-
cribe the prevalence of microabuminuria and
its associated risk factors among Saudi pedia-
tric patients should pay attention to the above-
mentioned variables and consider performing
more advanced statistical techniques.

Conclusion

In our cohort of Saudi children and adole-
scents with IDDM, the prevalence of micro-
albuminuria was comparable with that from
other international studies. Furthermore, dura-
tion of IDDM, pubertal status, hypertension
and BMI affected the prevalence of microal bu-
minuria. This study has relevance for others
attending to children and adolescents with
IDDM, particularly in the Kingdom of Saudi
Arabia. We emphasi ze the importance of annual
screening for the detection of microalbumi-
nuria among Saudi children and adolescents
with IDDM.
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