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Abstract

Objective: to evaluate serum and urinary nitrite and nitrate concentrations as an index of nitric oxide (NO) production
in type1diabetes mellitus (T1DM) and to investigate the possible alteration and correlation with intra renal Doppler
resistive indexes (RIs).

Design: The study included 90 children and adolescent with T1IDM divided into 2 groups: Group 1: included
45 prepubertal type1 diabetics who were defined as Tanner stage1. Their age ranged between 8-14 years. Group
2: included 45 pubertal type diabetics who were defined as Tanner stages 2-5. Their ages ranged between 15-19
years. They were compared to 45 age and sex matched healthy controls. Clinical examination was done. Laboratory
investigations included; post-prandial blood glucose (PPBG), glycosylated heamoglobin (HbA1C), Fundus examination,
urinary microalbumin and measurement of serum and urinary nitrite and nitrate levels. Doppler ultrasonographic
registration of intrarenal Rls were performed.

Results: Compared to controls, both diabetic groups had significantly increased concentrations of serum (P=0.001)
and urinary NO (P=0.008).Doppler Rls values were significantly elevated in both diabetic groups compared to controls
(P <0.001).A significant positive correlation was found between serum and urinary NO levels (P<0.001). Serum NO was
positively correlated with Doppler RIs (P=0.002), HbA1c (P=0.012), PPBG (P=0.000) and diabetes duration (P=0.004).
Doppler Rls were positively correlated with mean HbA1c (P=0.025), PPBG (P=0.001) and diabetes duration (P=0.000).

Conclusion: In type 1 diabetes chronic hyperglycemia may act through a mechanism that involves increased NO
production or action and contributes to generating intrarenal hemodynamic abnormalities which could be detectable by
Doppler ultrasonography even before overt clinical nephropathy. Further follow up studies are needed to document the
usefulness of Doppler ultrasound in detection of preclinical nephropathy.

Introduction

Clinically evident diabetes-related microvascular complications are
rare in childhood and adolescence. Nonetheless, early functional and
structural abnormalities may be present a few years after the onset of the
disease [1]. Chronic hyperglycemia is central in the pathophysiology
of microangiopathy and in the evolution of diabetes microvascular
complications. It sets in motion a series of biochemical disturbances
in critical tissues, including the kidney, leading to functional changes
followed by irreversible structural changes, and finally to clinical
disease [2]. Hyperglycemia is associated with excessive free radical
generation and oxidant stress. Oxidant stress may be linked to diabetes
via altered NO production and action [3]. NO, an endothelium-derived
relaxing factor is a pleiotropic intercellular messenger regulating many
cellular functions [4]. Microalbuminuria, a precursor of diabetic
nephropathy is associated with a generalized endothelial vascular
dysfunction [5]. In this regard, glucose dependent abnormality in
nitric oxide (NO) production and action has postulated to occur in
early diabetic nephropathy [6]. Vasodilation due to increased NO
generation or action has recently beenimplicated in the pathogenesis of
glomerular hyperfiltration and in the enhanced permeability that leads
to microalbuminuria [7]. In a rat model of streptozotocin-induced
diabetes, the plasma and urinary excretion levels of stable products
of NO oxidation were higher than controls, suggesting a generalized
increase in NO synthesis. NO decomposes very rapidly in biological
solutions into more stable nitrite (NO2 -) and nitrate (NO- (8], which
can be analyzed in serum as indicators of NO activity in vivo [9].

Doppler ultrasonography is a noninvasive method for investigating
renal hemodynamic. The RI calculated as :[( peak systolic velocity
_ peak diastolic velocity)/peak systolic velocity] determined by

Doppler ultrasonography reflects intrarenal vascular resistance [10].
Increased intrarenal RI has recently been shown in adults with diabetic
nephropathy as a function of creatinine clearance [11]. However, data
on RI in children with diabetes are still lacking, and the correlation
between increased intrarenal RI and altered renal hemodynamics
remains unclear. The aim of the present study was (a) to evaluate serum
and urinary NO concentrations in children and adolescents with typel
diabetes mellitus compared with age-matched healthy subjects (b) to
find out whether Doppler ultrasonography could be used to detect early
changes in renal RIs and to correlate it with metabolic parameters and
NO concentrations.

Patients and Methods

We studied 90 children and adolescents with type 1 diabetes
mellitus, diagnosed based on a previous history of diabetes or
fulfillment of World Health Organization criteria [12]. Patients with
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Figure 1a: Sensitivity and specificity of serum nitric oxide.
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Figure 1b: Cutoff point between patients and controls as regards serum nitric
oxide.
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Figure 2a: Sensitivity and specificity of mean RI.
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Figure 2b: Cutoff point between patients and control as regards mean RI.
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Figure (3): Doppler U/S of the kidney showing resistive index of the renal artery
of prepubertal diabetic(a0,normal control (b) and pubertal diabetic patients(c).

known renal arterial stenosis, or those with malignancy or systemic
disorders, were excluded. The study protocol was approved by the local
ethical committee. Studied patients were recruited from the regular
attendants of the Pediatric Diabetes Clinic, Children’s Hospital, Ain
Shams University between October 2009 and September 2010. They
were divided into two groups according to their pubertal staging (breast
development in girls and genital development in boys according to the
criteria of Tanner [13]).

Group 1: included 45 prepubertal Tanner stagelchildren (33 females
and 12 males) with type 1 DM.
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. Group 1 (n=45) Group 2 (n=45) Control Group (n=45)

Variable Range Mean SD Range Mean SD Range |Mean SD P-value
Age (year) 8-14 12.6 1.8 15-19 16.4 1.8 8-19 13.7 2.9 <0.001
Weight (kg) 18-66 36.3 13.5 35-75 51.7 11.0 27-66 42,5 12.4 0.005
Hieght (cm) 106-162 134.4 14.7 137-170 154.3 [10.0 135-170 149.5 10.8 <0.001
BMI (kg\m2) 17-44 26.5 7.7 25.5-46.9 33.3 5.6 20-38.8 28.1 6.5 0.019
Duration of DM (year) 1-5 2.8 1.5 2-13 6.4 3.9 e e s 0.002

SBP( mmHg) 100-115 109.3 4.7 98.125 116.1 6.0 100-120 |110.1 7.5 0.170
DBP(mmHg) 65-75 69.3 3.9 65-90 75.2 5.2 64-80 70.3 7.7 0.083
PPBG(mg\dl) 110-443 | 176.3 86.8 127-299 168.2 448 - 0.75
Hb A1C % 8-13.5 9.9 1.5 8-12.4 9.9 1.2 - 0.97
Serum NO(mmol\L) 30-82 48.2 15.8 28-85 48.7 17.3 22-35 . <0.001
Urine NO(mmol\L) 99-300 181.5 51.3 85-350 1736 671 75-135 941 17.1 <0.001

Table 1: Comparison between the three studied groups as regards demographic and clinical data (ANOVA test).

Group 2: included 45 pubertal children and adolescents (Tanner stages
2-5) with typel DM. Their ages ranged between 15 to 19 years with a
mean of 16.4 + 1.8. They were 33 females and 12 males.

Another group of 45 healthy subjects (33 females and 12 males)
matched for age and sex served as controls. Their age ranged between 8
to 19 years with a mean of 13.7 + 2.9.

Inclusion criteria

None of the studied diabetic groups had clinical signs or laboratory
evidence of kidney disease or microalbuminuria or were affected by
other diabetic microvascular complications as diabetic retinopathy
(evaluated by stereoscopic Fundus photography) or neuropathy
(evaluated by nerve conduction velocity and autonomic tests). Patients
with other autoimmune diseases, taking other medications than insulin
or those with urinary tract infection at time of urinary sample collection
were excluded.

Methods: All patients and controls were subjected to the following:

1-Detailed history taking stressing on demographic data, disease
duration, and insulin therapy (regarding type, dose and frequency)
were collected.

Files were reviewed for the presence of hypertension, microalbuminuria
and diabetic retinopathy.

2-Through clinical examination with particular emphasis on:
anthropometric measures. Body weight was measured with a digital
scale to the nearest 0.1 kg, and height was measured in triplicate
with a wall-mounted stadiometer. The body mass index (BMI) was
defined as weight in kilograms divided by the square of the height in
meters). Pubertal assessment and staging using Tannar classification
was done.

Blood pressure was measured with a standard mercury
sphygmomanometer, in a quite and comfortable environment, after
3-5 minutes of rest. The cuff size was appropriate for the size of the
40% of the arm circumference midway between the olecranon and
the acromion according to the recommendations of the Task Force on
Blood Pressure Control in Children [14].

3-Laboratory investigations

Post-Prandial Blood Glucose (PPBG): Using glucose oxidase
method with calculation of the mean values over the last year prior
to the study. Glycosylated hemoglobin (HbAIc): Blood samples were
collected in fasting condition and immediately centrifuged at 4°C.
HbA1lc concentrations were measured every 3 months using a high-
performance liquid chromatography method (Diamat analyzer;
BioRad, Richmond, CA). The normal range was 4.2-6.0%, with an
interassay coefficient of variation (CV) of 3%. All the patients had at
least 3 determinations per year, and the mean of these determinations
was used for statistical analysis. Quantitative determination of urinary

microalbumin for diabetic nephropathy. Microalbuminuria was defined
as excretion rate of albumin 30-300mg/urinary creatinine.

Measurement of serum and urinary nitrate and nitrite by
colorimetric assay.

Serum NO2 +NO37levels were measured in triplicate by the
conversion of NO3™ to NO2™ by a commercially available kit based
on the Griess reaction (active motif’s NO quantitation kit), following
the manufacturer’s instructions. Blood samples were collected in
fasting conditions, and serum nitrite (NO2") and nitrate (NO3")
concentrations were measured [15].

In the cell, NO undergoes a series of reactions with several
molecules present in biological fluids and is eventually metabolized to
nitrite (NO2~) and nitrate (NO37). Thus, the best index of total NO
production is the sum of both nitrite and nitrate, commonly quantified
in a two step assay [16].

NO urinary metabolites were evaluated in the overnight urine
collection; for each patient, 50ul antioxidant solution was added to 40
ml fresh overnight urine & urine and frozen at -20°C. Nitrite (NO2")
and nitrate (NO3") contents were evaluated with the nitrate reductase
method. The children’s eating habits reflect the typical Mediterranean
diet. Consumption of foods containing nitrates (e.g., spinach, beets,
cabbage, cauliflower, beetroot, and lettuce) was discouraged for the 48
h preceding the measurements to avoid the dietary influence of NO
assay. Consumption of foods containing nitrates (e.g., spinach, beets,
cabbage, cauliflower, beetroot, and lettuce) was discouraged for the 48 h
preceding the measurements to avoid the dietary influence of NO assay.

Doppler ultrasound evaluation

The measurements were commenced in patients fasting for at least
8 h, after recording pulse and blood pressure. All the examinations
were performed using a 3.5- 4.0 MHz vector array transducer, after 15
min rest in a horizontal position [17]. The first measurement was the
size of the left and right kidney. The main trunk of the renal artery was
displayed using color Doppler ultrasonography. Three measurements
each were taken within 5 min in the vicinity of the interlobary artery at
the boundary of the center of the kidney and the upper and lower pole
using pulsed Doppler.

The RI, according to Pourcelot, was calculated on the basis of the
following formula:

[(peak systolic velocity_peak diastolic velocity)/peak systolic
velocity]. The average value of three bilateral measurements was taken
for statistical analysis. All the examinations were performed twice by
the same operator, without knowledge of the patient group (case or
control).

Statistical analysis

All values are expressed as means +SD. Differences in unpaired
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samples were examined by Mann-Whitney testing. ANOVA test for
comparison between the three quantitative values. P value of 0.05 was
considered statistically significant. Correlation between variables was
evaluated using Pearson’s correlation coefficient. Data input and basic
evaluation were carried out using the SPSS version 10.0 software.

Results

The descriptive data of the studied groups are presented in (Table 1).
Studied diabetic groups were comparable as regards their mean PPBG,
HbAlc, systolic blood pressure (p > 0.05), although mean diastolic
blood pressure was higher in pubertal diabetics, this did not reach a
statistical significance (75.2 + 5.2 versus 69.3 + 3.9 mmHg ).

Pubertal diabetic patients were older and had longer duration of
illness compared to pre-pubertal diabetics. Weight, height and BMI
values were significantly higher in pubertal diabetics compared to other
groups.

Both prepubertal and pubertal diabetics had significantly elevated
serum and urinary NO levels compared to controls (mean serum NO;
48.215.8 +, 48.7 17. = 3 and 27.6 £ 3.5mmo/] respectively, p<0.001,
mean urinary NO; 181.5 5+ 1.3, 173.6+ 27.6 and 94.1+ 17.1 mmol/l
respectively, p <0.001). Serum NO was positively correlated with
urinary NO2-+NO3- levels (P < 0.001, r = 0.795), mean RI (P = 0.002,
r = 0.536), HbAlc (P = 0.012, r = 0.452), PPBG (P <0. 000, r = 0.616),
and diabetes duration (P = 0.004, r = 0.505).

The renal RIs of both right and left kidney were significantly
elevated in diabetics compared to controls. These findings occurred
in both pre-pubertal and pubertal diabetics with RI of right kidney
(0.66 = 0.01, 0.661 + 0.017 and 0.593 + 0.021, p<0.001 respectively)
and the RI of left kidney (0.65 + 0,017, 0.65 + 0.019 and 0.59 + 0.015
respectively, p<0.001).Similarly the mean RI was elevated in both
diabetic groups compared to controls (0.66 + 0.01, 0.65 + 0.015 and
0.59+ 0.01 respectively, p<0.001) table (2).

When a correlation analysis was done, the mean RI was correlated
positively with HbA1C (P = 0.025, r = 0.062), PPBG (P = 0.0001, r =
0.682), and diabetes duration (P = 0.000, r = 0.608), table (3). A Receiver
Operating Characteristic curve was done and it identify a cut off value
for serum NO of 32 mmol/l between diabetic patients and controls with
sensitivity of 86.7% and specificity of 95.6% .Although a cut off value of
RI equal to 0.62 with a sensitivity of 96.7% and specificity of 95.6% was
detected between patients and controls table (4).

Group 1 N=45

Group 2 N= 45

Discussion

The present study demonstrates increase in both serum and urinary
NO levels in diabetics with no evidence of microvascular complications.
Early diabetes is often accompanied by an increased glomerular
filtration rate (GFR) and hyperfiltration which is significantly
dependent upon increased NO activity and contributes to progression
of diabetic nephropathy (9). Diabetes triggers mechanisms that in
parallel enhance and suppress NO bioavailability in the kidney. During
the early phase of nephropathy the balance between these two opposing
forces is shifted toward NO production [18,19]. This plays a pivotal role
in the development of characteristic hemodynamic changes and may
contribute to consequent structural alteration in the glomeruli [20].

Nonetheless, alterations of the NO system in the diabetic kidney
and their role in the pathophysiology of diabetic nephropathy still
represent a complex and controversial scenario as many important
mechanisms can co-modulate NO activity (e.g., glycemic control,
insulin treatment, duration of the disease, development of diabetes
complications)[21, 22]. Early nephropathy is associated with increased
intrarenal NO production mediated primarily by constitutively released
NO (endothelial nitric oxide synthase [eNOS] and neuronal nitric
oxide synthase [nNOS])[23].

In the present study, serum and urinary NO levels were found to
be significantly increased in diabetics compared to controls. This was
detected in prepubertal and pubertal diabetics, showing that enhanced
NO production occur even before microalbuminuria appears, and is
independent from diabetes duration and puberty [24].

Puberty accelerates microvascular complications although
prepubertal years of hyperglycemia appear to contribute to its
development [25,26].

Puberty accelerates diabetic microvascular complications including
nephropathy. Animal studies confirm a different renal hypertrophic
response to diabetes before and after puberty, probably due to
differences in the production of transforming growth factors (TGF) [27].
Complex physiological changes during puberty could affect potentially
pathogenic mechanisms of diabetic kidney disease. Increased blood
pressure, activation of the growth hormone-insulin-like growth factor
I axis, and production of sex steroids could all play a role in pubertal
susceptibility to diabetic renal hypertrophy and nephropathy. Normal
changes during puberty, when coupled with diabetes and superimposed

Control Group n= 45

Range Mean SD Range Mean SD Range Mean SD P value
Serum NO (Mmol\L) 30-82 48.200 15.830 28 -85 48.667 17.332 22 -35 27.533 3.502 <0.001
Urine NO (Mmol\L) 99 - 300 181.467 51.289 85 — 350 173.600 67.092 75-135 94.067 17.077 <0.001
RI of right kidney 0.6-0.7 0.665 0.016 0.6-0.7 0.661 0.017 0.5-0.6 0.593 0.021 <0.001
RI of left kidney 0.6-0.7 0.658 0.017 0.6-0.7 0.657 0.019 0.5-0.6 0.592 0.015 <0.001
Mean resistive index 0.64 - 0.68 0.661 0.012 0.63 -0.68 0.659 0.015 0.57-0..62 0.592 0.015 <0.001

Table 2: Comparison between the three studied groups regarding their serum and urine nitric oxide and renalresistive indexes(ANOVA test).

Mean resistive index

Serum nitric oxide (mmol/l)

r P-value r P-value

Serum nitric oxide (mmol/l) 0.536 0.002*
Age (years) -0.132 0.488 -0.031 0.873
Duration (years) 0.608 0.000* 0.505 0.004*
Mean PPBG (mg/dl) 0.682 0.000* 0.616 0.000*
Mean HbA, . (%) 0.062 0.025* 0.452 0.012*
Urinary nitric oxide (mmol/l) 0.577 <0.001* 0.795 <0.001*
BMI (kg/m?) -0.046 0.810 -0.044 0.818

Table 3: Correlation between mean resistive index and serum nitric oxide with studied variables in diabetic patients.
Variable Cut-off values Sens. (%) Spec. (%) PPV. (%) NPV. (%) Accuracy (%)
Serum NO > 32 mmol/l 86.7 95.6 97.5 78.2 95
Mean RI >0.63 96.7 95.6 95.4 94.4 97.3

Table 4: Cut-off values for serum NO and mean RI between patients and controls.
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on a genetically susceptible milieu, are capable of accelerating diabetic
hypertrophy and microvascular lesions [26] Krolewski et al. [28]
suggested that the prepubertal years were a protection from the
development of diabetic nephropathy when they showed that patients
with earlier onset of type 1 DM (DM1) had onset of nephropathy at a
longer disease duration. Patients with younger onset required a longer
duration of DM1 to develop nephropathy, even though the relative risk
of developing nephropathy was eventually the same in all patients [29].
Because of these strong epidemiological studies, screening tests for
retinopathy and nephropathy are not generally recommended until the
process of sexual maturation has begun [30].

Blood pressure increases with age in normal children, as shown
repeatedly in large national task-force studies [14]. While idiopathic
hypertension may develop during puberty, most children with
microalbuminuria remain normotensive [31]. It is possible that
some critical, lower level of mean arterial pressure is necessary
for microalbuminuria to develop [25]. The International Diabetic
Nephropathy Study Group showed a correlation between higher
blood pressures within the normal range and mesangial expansion
in normoalbuminuric patients with DM1 [32]. Such subtle increases
in arterial pressure may be of clinical importance in a condition like
DM that results in abnormal autoregulation of pressure and flow in
the kidney [33]. In the present study pubertal diabetics had higher
blood pressure compared to pre- pubertal patients. Higher systolic
blood pressure has been recognized as a risk factor for progression of
microalbuminuria [25].

In contrast to our findings, some studies found elevated serum
and urinary nitrites and nitrates in pubertal compared to prepubertal
diabetics and attributed that to the worse metabolic control in this
critical period [34].This could be explained by that both studied
diabetic groups (before and after puberty) had poor metabolic control
as evidenced by their high mean HbAlc.

Several studies have demonstrated that insulin sensitivity decreases
early in puberty in patients with DM [35]. This begins between Tanner
stage 1 (prepuberty) and Tanner stage 2, the earliest stage of puberty
detectable on physical examination (breast buds, fine pubic hair, and
testicular enlargement). Several studies have found a relationship
between insulin sensitivity and the GH-IGF-I axis, suggesting an
increased tissue GH effect as the cause of this phenomenon [25].

The diabetic state is associated with increases in the production of
reactive oxygen molecules as well as alterations in the redox potential
of cells [36,37]. In the kidney, generation of excess superoxide anion
in this setting leads to nitric oxide consumption and protein tyrosine
nitration [38]. These changes may further alter cellular function,
through both altered function of the affected proteins and diminished
nitric oxide bioavailability, with resulting consequences to vascular
and epithelial function. Oxidative stress also activates PKC, which in
turn produces increased TGF- production [39]. Histological, basal
membrane thickening seems to have the major predictive value to
estimate the risk of disease of diabetic nephropathy (2), but it is not
practical to implement invasive methods for screening. Doppler
ultrasonography is a reliable method for renal explorations by providing
not only morphological but also physiological data with perfusion view
[40,41]. Doppler RI is a useful parameter for quantifying the alteration
in renal blood flow, it reflects intrarenal vascular resistance which is
markedly linked to vascular compliance. Elevated Rls were reported
with vascular-interstitial disease, including diabetic nephropathy which
could be due to the decreased tissue and vascular compliance and to the
increased renal vascular resistance [42].

In the present study we select the RIs as a method to detect early
intrarenal abnormalities. Early functional and structural abnormalities
present after a few years of diabetes might be responsible for the
precocious alteration in renal hemodynamics, and might be reflected
in increased RI [43,44]. Nonetheless, only few studies describing the
application of Doppler ultrasonography in the evaluation of intrarenal
hemodynamic abnormalities in diabetic nephropathy have been
published, and most of them were performed in adults with type 1 or
type 2 diabetes [10,17].

We aimed to assess whether Doppler ultrasonography could be
used to detect changes in renal RI and intrarenal hemodynamics in
young diabetics. The RI calculated from blood flow velocities in vessels
reflects renovascular resistance and is known to increase in various
disorders [44]. Ikee et al. [45] reported a direct relationship between RI
and arteriolosclerosis in damaged kidneys [45].

We observed that diabetic patients had significantly increased
values of Doppler RI compared to controls. This was found in the
prepubertal and pubertal children with diabetes although all having
normal renal function. Furthermore increased RI correlates positively
with A1C, duration of diabetes, and NO excretion.

The significant positive association between NO and Doppler RI
in diabetics suggests that precocious abnormality in NO production
and action occurring early in the diabetes course may have contributed
to the loss of maintaining the normal state of vascular tone and thus
to the higher RI values [46]. At the single-nephron level, diabetic
hyperfiltration is characterized by disproportionately decreased afferent
arteriolar resistance, resulting in elevated glomerular capillary pressure.

It has been reported that NO is important in the regulation of renal
hemodynamics and, in particular, in maintaining the normal state of
vascular tone [47]. An increased renal expression of endothelial cell
NO synthase (NOS) and inducible NOS proteins has been found after
1 week in streptozotocin-induced diabetic rats [48,49]. This increased
expression could be responsible for the attenuated tubuloglomerular
feedback and the glomerular hyperfiltration observed in early diabetes.

In the present study we found a significant positive correlation
between PPBG and HbA1c and both NO level and RIs. Hyperglycemia
is directly related to renal hyperfiltration and hyperperfusion [50] and
causally linked to vascular and glomerular dysfunction. A glucose-
dependent abnormality in NO production and action has recently
been the subject of extensive investigation. Similarly Chiarelli et al.
[19] reported that ; HbAlc was significantly and positively related to
serum NO and GFR values suggesting that chronic hyperglycemia may
act through a mechanism that involves increased NO generation and/
or action [51]. Prolonged exposure of endothelial cells to high glucose
increases both NO and superoxide anion production. Expression of
NO action largely depends on its relative levels and on its interaction
with superoxide anions. Thus, we hypothesize that in our patients with
no clinical evidence of nephropathy, NO production overcomes NO
degradation by superoxide anions which favors renal vasodilatation.
However, it has recently been shown that when peroxynitrite— a potent
cytotoxic species generated by the interaction of NO with superoxide—
is present in small amounts, it is able to induce vasodilation via
thiol-dependent formation of NO [39]. Elevated levels of serum and
urinary nitrites and nitrates were correlated with diabetes duration
as well as parameters of metabolic control. Studies have shown that
good metabolic control (GC) is beneficial in slowing the progression
of nephropathy in diabetes, and if the duration of poor metabolic
control (PC) is prolonged before reinstitution of GC, nephropathy is
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not reversed. hyperglycemia-induced oxidative stress and NO can be
prevented if GC is initiated early[52]. In the same way ; Chiarelli et
al. [19] reported that the significant correlation between HbAlc and
serum NO2™+ NO3~ content confirms that poor glycemic control may
directly influence NO synthesis. This correlation was observed in both
normoalbuminuric and microalbuminuric adolescents, suggesting that
NO production is increased early in the natural course of diabetes and
independently of the presence of microvascular complications. The
strong correlation between serum NO and GFR and AER observed
only in microalbuminuric patients supports the hypothesis that long-
term poor metabolic control leads to glomerular hyperfiltration and
persistent microalbuminuria, possibly by NO-mediated changes in
glomerular vascular tone [53].The researchers measured the Doppler
RIs in the interlobular renal arteries of all 83 study participants and
found that diabetics had significantly higher values than their age-
matched controls. The renal Doppler RIs also correlated positively
with diabetes duration. They concluded that Doppler sonography
can be used to detect early changes in the hemodynamics of pediatric
diabetics before any clinical indicators of kidney problems are evident
[54]. An important finding was the positive and significant correlation
between NO levels and the RIs which represent the early hemodynamic
intrarenal changes. The observations of Palm et al. [3] should fuel future
studies that focus on the interaction of NO and O2 availability, as well
as the effects of NO on mitochondrial respiration and HIF-dependent
responses, during the early stages of diabetes in the renal medulla. These
processes associated with renal medullary hypoxia may interact in an
additive or synergistic manner with the hemodynamic events that evoke
glomerular hyperfiltration. In conclusion, this study demonstrates that
in typel diabetes, chronic hyperglycemia may act through a mechanism
that involves increased NO production and/or action and contributes
to generating intrarenal hemodynamic abnormalities, detectable by
Doppler ultrasonography even in early diabetic nephropathy before
microalbuminuria appears, and acts independently from puberty.
Although our data have to be confirmed in further longitudinal studies,
it is suggested that evaluation of NO excretion and Doppler intrarenal
RI may be a useful complementary test in the evaluation of early stages
of diabetic kidney disease. Longitudinal monitoring of these parameters
may better define their relevance in progressive kidney disease and
provide greater insight into the mechanisms underlying this process.
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