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ABSTRACT  
Background: Growth hormone' (Gil), insuImn-1mke growth factor-I (1G1'-1), 1GF-binding protein (GHJIGF/  
I GFBP) axis has been suggested bothţо ' maintain.normal renal function and to play an important role in the  
development of diabetic nephropathy (DN), in patients with type I diabetes (TI D). Nephromegaly (NM) and  
microalbuminuria (МА) are early markers of DN.  
Objective: Study the role of urinary concentrations of GH and IGF-I in the development of DN, in children  

and adolescents suffering T I D.  
Study design: A total of 50 children and adolescents with TI D of 6-14 years old were recruited from the  
Pediatric Diabetes Clinic at King Abdulaziz University Hospital, 23 were males and 27 were females.  
Subjects were divided into two groups; 20 with early-onset diabetes and 30 with long-term diabetes. Both  
groups were subjected to history-taking, clinical examination including body mass index (BM1), pubertal  
staging according to the rating of Tannег , assessment of glycemic control, measurement of kidney volume  

(KV), as a marker of glomerular hypertrophy, by ultrasonography (U/S).  
Results: The overall rate of МА and NM accounted for 20% (10/50) and 26% (13/50), respectively, being  
more detected in long-term diabetics than that in patients with early-onset diabetes, with significant  

difference. Long-term diabetics had significantly higher albumin excretion rate (AER) and urinary GH and  
IGF-1 concentrations than that in early-onset diabetics. The mean BMI, pubertal duration, urinary GH and  
urinary IGF-1 were significantly higher among diabetics positive for MA than that among diabetics negative  
for hМА.  
Conclusion: Our data, which reflect increased mean urinary GH/IGF-1 production, strengthen the evidence of  
an association between GH, МА, NM and also implicate urinary G1l/IGF-I in DN, particularly in children and  
adolescents with long-term diabetes, increased pubertal duration and poor glycemic control.  

INTRODUCTION ..  
Diabetes mellitus (DM), the most 

common endocrine metabolic disorder of 
childhood and adolescence, is characterized 
by chronic hyperglycemia and disturbances  
in  carbohydrate, lipid and protein  

metabolism as a cDr'sёquencе of decreased 
insulin secretion or activity or both. TiD, 
previously known as juvenile diabetes or 
insulin-dependant DM (IDDM), is the 
major form of diabetes in those under 10  
years OІд` ). In 1997; there were 11.5  
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million people with TID in the world, this  
figure is expected to rise to 33.7 million, in  
the year 2011

(3) .  

Type 1 diabetes, with chronic hyper-
glycemia is associated with microvascular  
complications (retinopathy, neuropathy and  
nephropathy).  I-However, advances in  
treatment permit tight glycemic control  
which delays and slows progression of these  
complications. Despite all this positive  
development, epidemiological studies have  
demonstrated that during the past three  
decades, DN continues to occur in 15-40%  
of patients with TID with a peak incidence  
after 15 to 20 years of diabetes.  

The development of MA is prognosti-
cally important in both T 1 D and Т2D.  
While the "classical" histological changes  
of diabetic glomerulopathy (thickening of  
the glomerular basement membrane, mesan-
gial expansion and arteriolar hyalinosis) are  
common in those with TID and renal  
dysfunction, the morphological lesions in  
those with Т2D and renal dysfunction are  
more heterogenous(5) .  

The GI-І/IGF/IGFBP axis and related  
growth factor families [transforming growth  
factor-[3  (TGF-[3), vascular endothelial  
growth factor (VEGF), and epidermal  
growth factor (EGF)ј demonstrate signifi-
cant actions on the development of  
experimental diabetic kidney disease  
through defined intra-renal systems. These  
growth factors initiate the earliest renal  
changes associated with hyperglycemia.  
The majority of circulating IGF-I is  
produced by the liver and other tissues  
under the effect of GH and insulin. The  
kidney is a site for the production of IGF-I,  
which normally mediates its effect on renal  

growth and function. In cell cultures, IGF-I  
has been shown to induce mcsangial  
proliferation and the secretion of collаgеn (б) .  

In children and adolescents with "Г1 D,  
Cummings et al. have reported an associa-
tion between duration of puberty and the  
prevalence of MN & MA. GH, IGF-I, tes-
tosterone and prorenin are potential media-
tors of this effect. These observations  
suggest that the hormonal milieu of puberty  
may be involved in the pathogenesis of  
early DN".  

AIM OF TILE WORK  
Study the role of urinary concentra-

tions of GH and IGF-I in association with  
microalbuminuria in early detection of DN,  
in children and adolescents suffering from  
early onset and long-term Type I diabetes.  

PATIENTS AND МЕТпОІ)S  
This study was carried out in the  

Pediatric Diabetes Outpatient Clinic at the  
King Abdulaziz University Hospital. during  
the year 2010, on 50 children and adoles-
cents suffering TID. Patients selected were  
either suffering newly diagnosed Ti D-
within one month of disease onset (20  
patients), or suffering T10, with various  
disease durations (30 patients). Disease  
duration was defined as the day of initial  
diagnosis of diabetes to the day of blood  
collection in this study.  
Methods  

All study patients were subjected to  
the following:  
A) History — taking . 

В) Clinical examination; including:  
-  Identification of patients with diabetic  

ketoacidosis (DKA) or hypoglycemic  

2 



coma. These patients were admitted to  
the Pediatric Intensive Care Unit for  
assessment and further management.  

-  General and systemic physical exami-
nation, including assessment of the  
nutritional status, using body mass  
index (BMI) calculated as kilograms  
per square meter (Кg/m`) and pubertal  
duration.  

C) Investigations:  
After the written informed parental  
consents were obtained, samples were  
collected from study children.  

1. Routine investigations:  
a. Urine analysis, with particular stress  

on glucosuria, ketonuria, microalbu-
minuria, pyuria, hematuria, and/or  
casturia. Cases with urinary tract  
infection (UTI), glomerulonephritis,  
systemic hypertension and nephrotic  
syndrome were identified and ex-
cluded from the study.  

b. Complete blood count (CBC).  
c. Blood urea nitrogen (BUN).  

2. Investigations for glycemic control:  
a. Fasting blood glucose determination,  

using dimension RXL auto analyzer  
(Siemens medical solutions diagnos-
tic, Tarrytown, WY, USA).  

b. Determination of glycated hemo-
globin (HbA 1 с) percent, using chro-
matographic spectrophotometric ion  
exchange method (Bio Systems S.A.  
Costa Brava, Barcebna-Spаin).  
Glycemic control was considered  

"good to excellent" with I--IbA 1 c less than or  
equal to 8.0%, "fair" control 8.1-10.0% and  
"poor" control if HbА l c > 10.0%+8) .  
3. Research Investigations:  

a. Measurement of urinary albumin  

excretion rate (AER) in 24 hr urіne 
collections, by an enzyme immuno-
assay.  

Normoalbuminuria was defined as an  
AER of < 20 }.Lg/min, in at least two 
separate urine specimens. MA was defined 
as an AER of 20-200 µg/min (9 '. 

b. Urinary 01-I concentration was meas- 
ured according to Butt and Sochettt ^ u}  

с. Urinary ІGF-I concentration was 
measured according to Gargosky et al. 
(1993) .  

d. Measurement of KV: 
KV (right + left) of each subject was 

measured by U/S. KV was calculated based 
on the formula for the volume of an 
ellipsoid 12) . Nephromegaly was defined as  
KV > 300 m1/1.73 m 2 .  
4. Statistical Analysis:  

Data were collected, entered and  
checked to a SPSS, version 15. Data were  
expressed as mеan + standard deviation (X  
f SD) in quantitative variables, number and  
percentage for qualitative variables. Values  
of p < 0.05 were considered statistically  
significant.  

RESULTS  
The duration of symptoms due to  

hyperglycemia, BMI and pubertal duration  
were significantly higher among patients  
with long-term diabetes, p < 0.05. In  
patients with early onset diabetes, the niost  
common presenting symptoms included  
history of infections (e.g., gastroentcritis  
and upper respiratory tract infections),  
enurcsis/nocturia, DКA and weight loss, 
while in long-term diabetics the most  
common presenting symptoms included  
oral/perincal candidiasis, infections and  
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enuresis nocturіa. Table 1  

Fable (2) presents the den uographic  
characteristics of long-term diabetics versus  
early-onset diabetics. The mean blood sugar  
of patients with early-onset diabetes was  

significantly hi`her than that in patients  

with long-term diabetes, p < 0.05. Mean-

while the mean I ihA 1 c in long-term  

diabetics was significantly higher than that  

in patients with early-onset diabetes, p <  

0.05. On other hand, ketonuria (+, -t--+-, or  

f +) was significantly more detected in  

children with early-onset diabetes than that  

in those with long-term diabetes, p < 0.01.  

NM & MA were significantly prevalent in  

children and adolescents with long-term  

diabetes than those with early-onset  
diabetes_ p <- 0.05.  

The mean concentrations of urinary  

albumin. G11 and IGF-1 were significantly  

hieher in children and adolescents with  

bug-term diabetes than that in those with  

early-onset diabetes. Table 3.  

Table (4) shows that the mean HMI,  

pubertal duration, glycated hemoglobin,  

urinary concentrations of (Hi and ЮГ-1 to  
be significantly higher in patients positive  

for MA (MA -1-ve) than that in MA -ve  

diabetic patients, p < 0.05.  
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DISCUSSION  
Туре 1 diabetes (T1D), a disease that  

results from autoimmune destruction of the  
insulin-producing 0-cells in the pancreatic  
islets of Langerhans, is associated with  
accelerated atherosclerosis and predisposes  
to certain specific microvascular complica-
tions, including retinopathy, neuropathy and  
nephropathy (131. Classically, the develop-
ment of diabetic microangiopathy depends  
mostly on the duration of diabetes and  
on the degree of glycemic control. How-
ever, the development and progression of  
DN shows significant variation between  
individuals and, consecutively develops  
only in a fraction of diabetic subjects  
despite the inadequately controlled diabe-
tes

(14) .  

In this case-control study, 50 children 
and adolescents suffering TID, 20 early-
onset diabetics and 30 long-term diabetics 
were recruited, to study the effect of urinary 

GH and IGF-I excretion on the development 
of DN, marked by MA and NM. 

In this study, the most prevalent clinical  
presentations among early-onset diabetics  
included history of infections (50%),  
enuresis/nocturia (45%), DKA (40%),  
followed by weight loss and oral/perineal  
candidiasis. On other hand, the most  
common clinical presentations among long-
term diabetics included infections, candi-
diasis, DKA, nocturnal enuresis, hypoglyce-
mic seizure/coma and later weight loss.  
Similar results were reported by other  
studies who stated that younger children are  
more likely to present in DKA and that  
HbA1c and the loss of 0-cell function is  
insidious, even in children under age б  
years

(1 s-17 
 

Although it is well known that Candida  
albicans thrives in adolescents with uncon-
trolled diabetes and frequently causes  
vulvo-vaginitis, our observations highlight  
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the association of oral and perineal can-
didiasis in young children with new-onset  
TID. Furthermore, Quinn et al. (2006)  
identified a significant association between  
the duration of candidal infection to I-IbA 1 c  
at diagnosis and underscored the importance  

of early recognition of candidiasis to detect  
the onset of TI D before it progresses to  
KDA. The significantly longer duration of  
candidiasis in young children who present  
in DKA (p = 0.004) justifies the inclusion  
of yeast infections as a sign of new-onset  
diabetes in this susceptible age group+ ' 8  .  

In the present study the mean blood  
glucose level and ketonuria at onset, among  
newly diagnosed children were significantly  
higher than that in long-term diabetics. On  
other hand, the mean value of HbA 1 c at  
entry to the study was higher in long-term  
diabetics than that in newly diagnosed  
cases. Similar results were obtained by  
Samuelson and Stenhammar(19+ .  

Persistent МА is a strong predictor for  
DN and is diagnosed in 30-40% of adults  
and 15-25% of adolescents with Ti  

Meanwhile, Vasylyeva et al. (2007) reported  
a prevalence of МА in children with Ti D  
which accounts for 7 to 20%(6). 

 The preva-
lence of elevated AER increases after 10-15  
years of diabetes duration. In children and  
adolescents, the role of diabetes duration is,  
however, more controversial. Some pediat-
ric and adolescent studies have shown a  
possible assoeiation21) .  

In this study the overall rate of МА and  
NM (both are early markers of DN)  
accounted for 20°/о (10/50) and 26%  
(13/50), respectively, being more detected  
in patients with long-term diabetes than in  
patients with early-onset diabetes. Similar  

results were obtained by other studies + ''21  .  
There is considerable evidence that multi-
disciplinary care including psychosocial  
support and intensive therapy reduces the  
risk and progression of microvascular  
complications (4) .  

Diabetic nephropathy is characterized  
by specific renal morphological and func-
tional alterations. Features of early diabetic  
renal changes are glomerular hyperfiltra-.  

tion, glomerular and renal hypertrophy,  
increased AER, increased basement mem-
brane thickness, and mesangial expansion  
with the accumulation of extracellular  
matrix proteins such as collagen, fibro-
nectin, and laminin+ 20) . 

In this study, daily AER, OH and 
IGF-I were determined in newly-diagnosed 
children and adolescents and in long-term 
diabetics. Long-term diabetic children and 
adolescents had significantly higher AER 
and urinary G1-1 and IGF-I concentrations 
than that in newly diagnosed cases. These 
Findings are consistent with some previous 
studies (7-"-2Н . 

In this study, out of 50 diabetics, 10 
patients and 13 patients were identified to 
have МА and NM, accounting for a 
prevalence of 20% and 26% in children and 
adolescently with TiD, respectively, being 
significantly higher in long-term diabetics 
more than that in early-onset diabetics.  

The mean BMI, pubertal duration, 
urinary GH and urinary IGF-i were 
significantly higher in diabetics positive for 
МА (МА -+-ve) than that in diabetics 
negative for МА (МА -ve). A similar result  
was reported by Cummings et al., in T1 D of  
children+' ) ,  and by Suzuki et al. in a 
heterogenous group of mostly adults with 
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both type 1 and 2 diabetеs t22 '.  Meanwhile, 
Scheijvere et al. reported that prepubertal 
microalbuminuric patients had higher levels 
of urinary GH and urinary and plasma 
IGF-I than normo-albuminuric diabetics 
and control subjectst` 0 '.  On other hand, 
Shestakova et al. reported non significant 
relationship between BMI and МА 14.  

Although the association between 
urinary GH and MA that we report is 
consistent with animal studies that implicate 
GH in glomerulosclerosis and DN, there is 
less support for a role for IGF-1 in this 
process. GH-deficient rats with diabetes are 
relatively protected from the typical renal 
effects of diabetes seen in OH-sufficient 
rats, while transgenic mice expressing 
excess OH develop glomerular hypertrophy, 
albuminuria, and glomerulosclerosis, a 
sequence of events similar to the evolution 

of DN. Similarly, transgenic mice express-
ing excess IGF-1 binding protein have  
elevated GH levels and develop mesangial  
hypertrophy and gІomeru1osclerosia, despite  
a decrease in plasma IGF-1 levelst 6 '.  

OH excess in both the human and  
transgenic animal models is characterized  
by significant changes in blood pressure and  
renal function. The GH/GН receptor (GHR)  
axis is also implicated in the development  
of DN. Glomerular podocytes express  
functional GHRs and GH increases levels of  
reactive oxygen species and induces  
reorganization of the action cytoskeleton in  
these cells. These results provide a novel  
mechanistic link between OH's action and  
glomerular dysfunction in diseases such as  
acromegaly and diabetic glomerulosclerosis  
and DN« 3 '.  

REFERENCES  
1. Tanner, J. (1962): Growth at adolescence. In: 

Growth at Adolescence. Oxford, U.K, Blackwell;  
p 1-28. 

2. Bennett, P. and Knowler, W. (2005): Defini-
tion, diagnosis, and classification of diabetes  
Mellitus and glucose homeostasis. In: Kahn CR,  
Weir GC, King GL, Jacobson AM, Moses AC,  
Smith RJ, eds. Joslin's Diabetes mellitus. 14 °  ed,  
Philadelphia: Lippincott Williams@Wilkins: 105- 
115. . 

3.Tоdd, J. (2010): Etiology of Type 1 Diabetes.  

I mmunity; 32 (4): 457-67. 
4.Donoghue, K., Chiarelli, F.; Trotta, D.;  

Allgrove, J. and Dahl-Jorgensen, K. (2009):  
Microvascular and macrovascular complications  
associated with diabetes in children and adoles-
cents. Pediatr. Diabetes; 10 (suppl. 12): 195-203. 

5.Walker, J. (2010): An update on diabetic renal  
disease. J. Diabetes Vasc. Dis.; l0: 219. 

6.Vasylycva, Т. and Ferry, R. (2007): Novel roles 
of the IGF-IGFBP axis in etiopathophysiology of  
diabetic nephropathy. Diabetes Res. Clin. Pract.;  

76: 177-186.  
7.Cummings, E.; Sochett, E.; Dekker, М.; Law-

son, М. and Dancman, D. (1998): Contribution 
of growth hormone and IGF-1 to early diabetic  

nephropathy in type I diabetes. Diabetes; 47:  
1341-6. 

8. American diabetes Association (1998): Report 
of the Expert Committee on the Diagnosis and  
Classification of Diabetes Mellitus. Diabetes  
Care; 21 (suppl. 1): 155-95. 

9. JоrsаI, A.; Tarnow, L.; La .ier, M. et al. (2008):  
The PPARr2 pro 12 Ala variant predicts ESRD  
and mortality in patients with type 1 diabetes and  
diabetic nephropathy. Mol. Gen. Metab.; 94: 347-
51. 

10. Butt, D. and Sochett, E. (1997): Urinary growth  
hormone: a screening test for growth hormone 
sufficiency. Clan. Endocrinol.; 47: 447-54. 

11.Gargosky, S.; Ilasegawa, T.;'Iapanainen, P.;  
MacGillivray, М.; Hasegawa, Y. and  
Rosenfeld, R. (1993): Urinary insulin-like growth  
factors (IGF) and IGF-binding proteins in normal  
subjects, growth hormone deficiency, and renal  
disease. J. Clin. Endocrinol. Metab.; 76 (6):  

163  Н-7.   
12. Dinkel, E.; Ertel, M.; Dittrich, M.; Peters, II.;  

Bores, М. and Schultc-Wisscrmann, II.  
(1985): Kidney size in childhood. Sonographical  
growth charts for kidney length and volume.  
Pediatr. Radios.; 15 (I): 38-43. 

8 



13.Lо, H.; Lin, S. and Wang, Y. (2004): The 
rјationshіp among serum cytokines, chemokine, 
nitric oxide, and ieptin in children with type 1  
diabetes mellitus. Clin. Biochem.; 37: 666-72. 

14.Shestakova, M.; Vikulova, O.; Gorashko, N.;  
et al. (2006): The relationship between genetic 
and haemodynamic factors in diabetic nephropa-
thy (DN): Case-control study in type 1 diabetes 
mellitus (TIDM). Diab. Res. Clin. Pract.; 74: 54-
550.  

15.Gurtis, J.; To, T.; Muirhead, S.; Cummings,  
E. and Daneman, D. (2002): Recent trends in 
hospitalization for diabetic ketoacidosis in 
Ontario children. Diabetes Care; 25: 1591. 

16. Hathout, E.; Hartwick, N.; Fagoaga, O.; et al.  
(2003): Clinical, autoimmune, and HLA charac-
teristics of children diagnosed with type 1 diabe-
tes before 5 years of age. Pediatrics; 111: 860-63. 

17.Bni, H. and Daneman, D. (2006): Type 1 
diabetes in childhood. Medicine; 34 (3): 113-7. 

18. Quinn, M.; Fleischman, A.; Rosner, В.; Nigrin,  
D. and Wolfsdorf, J. (2006): Characteristics at 
diagnosis of type 1 diabetes in children younger 
than 6 years. J. Pediatr.; 148: 366-71. 

19.Samuelssois, U. and Steпhammar, L. (2005):  
Clinical characteristics at onset of type I diabetes 
in children diagnosed between 1977 and 2001 in 
south-east region of Sweden. Diab. Res. Clin. 
Pract.; 68: 49-55.  

20. Schrijvers, В.; De Vriese, A. and Flyvbjerg, A.  
(2004): From hyperglycemia to diabetic kidney 
disease: The role of metabolic, hemodynamic, 
intracellular factors and growth factors/cytokines. 
Endocrine Rev.; 25 (6): 971-1010  

21.Craіg, M.; Jones, T.; Silіnk, M. and Ping, Y.  
(2007): Diabetes care, glycemic control and 
complications in children with type 1 diabetes 
from Asia and the Western Pacific region. J. 
Diab. Complic.; 2 1 : 280-7.  

22.Suzukі, K.; Miyata, H.; Suzukі, T. and  
Kajinuma, H. (1989): Evaluation and clinical 
applications of measurement of urinary growth 
hormone in diabetic subjects. Diabetes; 38: 1567-
72.  

23. Reddy, G.; Pushpanathan, M.; Ranson, R.; et  
al.  (2007): Identification of the glomerular 
podocyte as a target for growth hormone action. 
J. Endocrinol.; 148: 2045-55.  

9 


