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GENERAL PART

Introduction

1 Type 1 Diabetes Mellitus

Type 1 Diabetes (T1D), previously encompassed by the terms insulin-dependent
diabetes or juvenile-onset diabetes, the most common metabolic disease of the
childhood, is a catabolic multisystem disorder, characterized by both biochemical and
structural consequences. It is correlated with a chronic and progressive dysfunction of
carbohydrate, fat, and protein metabolism caused by relative or absolute circulating
insulin deficiency, which results from the marked and progressive inability of the

pancreas to secrete insulin in response to all insulin-secretory stimuli.

T1D is due to the progressive autoimmune attack and destruction of pancreatic beta
cells which are located in the pancreas in clusters known as the islets of Langerhans.

1.1 Historical review of type 1 Diabetes Mellitus

According to ancient Egyptian Ebers papyrus, Hesy-Ra, an Egyptian physician, the
history of diabetes started in approximately 1550BC, where it is referred that an
uncommon disease causes the patient to present polyuria and dramatic weight loss.
Greek Physician Aretaeus of Cappadocia, gave “diabetes” its name, meaning a
“flowing through” while recording the main symptoms, consisting of polyuria,
polydipsia and loss of weight. Galinus, noted the disease and its manifestations as
well. In 1675 the word "mellitus,” meaning honey, was added to the name "diabetes".
It wasn't until the 1800s that chemical tests to detect the presence of sugar in the urine
were found. In the 1700s and 1800s, physicians began to realize that dietary changes
could help manage diabetes, and only in the late 19" century started a promising
research for the treatment with insulin by Oskar Minkowski and Joseph von Mering, at

the University of Strasbourg in France. Finally, a new age in the history of diabetes


http://www.everydayhealth.com/diabetes/understanding/how-sugar-is-metabolized.aspx

started in 1923 when Canadian physicians Frederick Banting and John Macleod were
awarded the Nobel Prize for their revolutionary discovery of insulin *.

Picture 1: Aretaeus of Cappadocia

1.2 Epidemiology of type 1 Diabetes Mellitus

1.2.1 Incidence and prevalence of type 1 diabetes mellitus

Worldwide, approximately 78.000 children are diagnosed with type 1 diabetes (T1D)
annually. Incidence varies a lot among countries: East Asians and American Indians
have the lowest incidence rates (0.1-8 per 100.000/year) as compared with the
Finnish who have the highest rates (>64.2 per 100.000/year). In the U.S., the number
of patients with type 1 diabetes was estimated to be 166.984 2. The increasing
incidence of T1D throughout the world is especially marked in young children.
Registries in Europe suggest that recent incidence rates of T1D were highest in the
youngest age-group (0—4 years) 3. Usually it can be diagnosed in children aged 4 years
or older, fairly abruptly, with the peak incidence of onset at ages 11-13 years,
coinciding with early adolescence and puberty. Incidence rates decline after puberty
and appear to stabilize in young adulthood (15-29 years). The overall prevalence of
type 1 diabetes in the U.S. is ~0.3%, but if a first-degree relative has diabetes, the
empiric risk of being affected is ~5%, representing a 15-fold increase among family
members. Studies evaluating children at risk for developing type 1 diabetes have
shown that the presence of more than two autoantibodies was associated with a nearly
70% risk for disease development within 10 years and 84% within 15 years 2. The
incidence of T1D in adults is lower than in children, although approximately one fourth

of persons with T1D are diagnosed in adulthood. Clinical presentation occurs at all



ages and as late as the 9th decade of life 4. Although most common autoimmune
diseases disproportionately affect females, on average girls and boys are equally
affected with T1D in young populations. A distinctive pattern has been observed such
that regions with a high incidence of T1D (populations of European origin) have a male
excess, whereas regions with a low incidence (populations of non-European origin)

report a female preponderance °.

1.3 Diagnosis of type 1 Diabetes Mellitus

According to the American Diabetes Association position statement, the criteria for

diagnosis of diabetes 1 are listed at table 1.

Individuals with T1D, usually have one or more positive autoantibodies when fasting
hyperglycemia is initially detected. Markers of the autoimmune destruction of the (-
cell include autoantibodies, to four islet antigen groups that have so far been identified:
insulin or proinsulin (IAA), Glutamate decarboxylase or GAD65 or GAD67(GADA),
Islet antigen-2 or ICA512 or IA-28 or PHOGRIN (IA-2) and islet-specific zinc
transporter isoform 8 (ZnT8) ©.

One or more of these autoantibodies are present in 85-90% of individuals when
fasting hyperglycemia is initially detected or when ketoacidosis presents as the first
manifestation of the disease. Others, may have modest fasting hyperglycemia that can
lead to severe hyperglycemia and/or ketoacidosis in the presence of infection or other
stress. Still others, particularly adults, may retain residual b-cell function sufficient
enough to prevent ketoacidosis for a long period; such individuals eventually become
insulin dependent with a potential risk for ketoacidosis. At this latter stage of the
disease, there is little or no insulin secretion, as manifested by low or undetectable
levels of plasma C-peptide. Distinguishing between type 1 and type 2 diabetes mellitus
may be challenging. Traditionally, progressive B-cell destruction has been the hallmark
of type 1 diabetes, but residual C-peptide may be detected over 40 years after initial
diagnosis, regardless of whether the initial diagnosis was made in childhood or in

adulthood 2.



Table 1: Criteriafor diagnosis of type 1 diabetes mellitus. Adapted from Diabetes
Care July 2014 vol. 37 no. 72034-2054 2

Criteria for the diagnosis of diabetes
» HbA1C 2 6.5% (248 mmol/mol)'
OR
+ Fasting plasma glucose 2126mgfdL (27.0mmol/L)?
OR
+» Two-hour plasma glucose 2200 mg/dL (211.1 mmollL) during an OGTT?
OR

* |n a patient with classic symgmms of hy erglycemialqr a random plasma glucose
2200 mg/dL ' (211.1 mmollL)

"HbA1C test should be performed in a laboratory using a method that is
standardized to the DCCT assay

*Fasting is defined as no caloric intake for at least 8 hours

“The test should be performed as described by the World Health Organization,
using a glucnse load containing the equivalent of 75 gram anhydrous glucose
dissolved in water

v Consider measurement of pancreatic autoantibodies to confirm the diagnosis of
fype 1 diabetes.




1.4 Pathogenesis of Type 1 Diabetes Mellitus

The pathophysiologic process behind the destruction of beta cells is mostly
autoimmune-mediated while less often it results from idiopathic lesions or progressive

failure of beta cells.

The autoimmunity of T1D is T cell-mediated specific for -cell destruction and is often
associated with devastating acute and chronic complications.

The main genetic determinants, responsible for 40% of the genetic susceptibility, map
to the major histocompatibility complex (MHC), in particular DR and DQ of the multiple
genes implicated in susceptibility of T1D. The most important is the human leukocyte
antigen (HLA) complex on chromosome 6, in particular the HLA class Il 7. These HLA-
DR/DQ alleles may appear either predisposing or protective 8. A lot of research has
focused on the identification of mediating transcriptional changes providing new
hypotheses explaining T1D biology. A recent study suggested that the interferon (IFN)
response and IFN response factors were identified as central mediators of the IFN-
related transcriptional changes, detected already before the T1D-associated
autoantibodies were found positive °. The genetic profile of T1D has been a great issue
in the last decade. A lot of studies suggest the variety of genotypes in familial and non-
familial diabetic patients °. It is also shown that the parent-offspring subgroup is
characterized by male preponderance, at diagnosis parents were significantly older
than their offspring and the descendants were significantly younger than their affected
siblings 1. The genetic contribution is suggested by the relatively high degree of
familial clustering among patients with T1D: approximately 10-15% of T1D patients
have affected first-degree relatives, either parents, offspring or siblings. The
prevalence of T1D among first-degree relatives has been found to be approximately
5%, significantly higher than that in the general population (0.4%) and this risk can be
further stratified on the basis of which affected family member has T1D (3%, 5%, and
8% if they have an affected mother, father, or sibling, respectively) 112, T1D with onset
before age 5 years is a marker of high familial risk and suggests a major role for
genetic factors. The offspring of affected mothers have a 2% to 3% risk, whereas
offspring of affected fathers have a 7% risk 2. The predictive risk for a child who has

no family history of T1D at birth increases by a factor of ten if his or her sibling develops



T1D, and if the child has a twin sibling who develops T1D, predictive risk will increase
dramatically to around 50% 3. In addition, several studies showed that type 1 and type
2 diabetes cluster in the same families suggesting a genetic interaction between type

1 and type 2 diabetes 1415,

Apart from autoantibodies that have been acquired through placental transfer, islet
autoantibodies rarely appear prior to age 6 months 6. Exceptions include cases of
immune dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome
where neonates can develop insulin or glutamic acid decarboxylase (GAD) antibodies
in the first months of life 7.

Environmental factors may also contribute to the pathogenesis of T1D. Potential
triggering factors for immunologically mediated destruction of the beta cells include
viruses (for example mumps, rubella, coxsackie-virus B1 and B4), toxic chemicals,
and exposure to cow’s milk in infancy as well as cytotoxins 8. A recent meta-analysis
suggests a significant association between enterovirus infection and T1D 1°. As beta-
cell mass declines with ongoing immunologic destruction, insulin secretion decreases
until the available insulin is no longer adequate to maintain normal blood glucose
levels. After 80-90% of the beta cells are destroyed, hyperglycemia develops and
diabetes may be diagnosed. According to the fetal origin of adult diseases hypothesis
20 the intrauterine environment through developmental plasticity may permanently
influence long-term health and disease. Therefore, intrauterine environment when
exposed to viral and other potential immunomodulatory factors may influence the
course of the fetus and the possible future appearance of T1D or other autoimmune

disease.

1.5 Type 1 Diabetes Mellitus and clinical manifestations

There is variability in the initial presentation of type 1 diabetes in both children and
adults. Children often present acutely, with severe symptoms of polyuria, polydipsia,
and ketonemia. However, in adults, T1D appears with a more gradual onset, with a
clinical presentation similar with type 2 diabetes. Regarding the clinical manifestations
atonset of T1D, diabetic ketoacidosis (DKA) is the most severe. The EURODIAB study



reported on the frequency, severity, and geographical variation of DKA which ranged
from 26 to 67% 2122, Polyuria has been reported as the most common presenting

symptom, followed by weight loss and fatigue 2123,

Patterns in the seasonality for both the month of birth and the month of diagnosis of
T1D have been reported 2425, While the seasonality of T1D diagnosis seems intuitively
obvious given the well-documented environmental role in T1D’s pathogenesis, it is
also hypothesized that the seasonal environment during intrauterine life and birth may
have an influence on diabetes incidence later in life 2°. According to the SEARCH
study, the percentage of observed to expected births differed across the months with
a lower incidence of November-February births and a higher incidence in April-July
births.

1.6 Comorbidity between type 1 Diabetes Mellitus and other

autoimmune disorders

T1D patients are at higher risk to develop another T-cell mediated autoimmune
disorder, like Celiac disease (CeD), Autoimmune Thyroid Disease (AITD) or Addison
Disease (AD), with the AITD being the most prevalent one. The majority of T1D
patients, who present another autoimmune disease, have the other diagnosis after
T1D has been diagnosed and only exceptionally the other autoimmune disorder
precedes the occurrence of T1D. According to several studies from several European
and US diabetes centers, the comorbidity of TID and AITD is referred to 17%-27%,
the co-occurrence between T1D and CeD ranges from 9% to 12% and the association
of TAID with Addison disease is reported in approximately 0,5%. In the general
population, based both on studies from USA and Europe, the overall incidence of AITD
among individuals aged 12-19 years is 3,4- 4,8%. Among T1D children and
adolescents, up to 10-30% have positive anti-TPO antibodies, and up to 50% of these

patients will develop clinical AITD 26-28,

In Greece, the prevalence of positive anti-thyroid antibodies in the general population
has been reported to be 13.9% 2°. In children and adolescents the prevalence has

been reported to range 4,3% to 8,2% 0.



In the general population, the incidence of AITD is significantly higher among females.
Among children and adolescents with T1D, females, especially after the onset of
puberty, are at higher risk to develop AITD 3. Analogous to T1D, the trigger factor for
autoimmune thyroid disease is thought to be environmental. AITD is characterized by
the production of autoantibodies against the thyroid gland, T-lymphocytic infiltration of
the gland and subsequent development of various degrees of thyroid dysfunction.
These autoantibodies are directed towards thyroglobulin (Tg), a fundamental
component of thyroid colloid, and thyroid peroxidase (TPO), an enzyme participating
in the production of thyroid hormones 3!. Many studies have focused on the shared
genetic susceptibility of both autoimmune diseases 26. T1D and AITD frequently cluster
within the same family 2. HLA histocompatibility system appears to play a role to this
association between autoimmune diseases. The HLA class Il genes and especially
HLA DR3-DR5 have been shown to have a strong effect on the co-occurrence of T1D
and AITD within families and individuals 26. Several studies have reported some of the
predisposing factors for the development of subclinical or even clinical AITD. These
are, the younger age at diabetes onset (3-fold higher risk in children with diabetes
onset <4yr, vs those diagnosed >9yr), the female gender (2-fold increase) and the

concurrent autoimmune thyroid disease 2733,

The co-occurrence between T1D and CeD is referred to range between 9%-12% 34,
In the majority of cases (approximately 88%) the diagnosis of T1D precedes that of
CeD. It consists of a multifactorial, autoimmune disorder that occurs in genetically
susceptible individuals and is triggered by a well-identified environmental factor (gluten
and related prolamins). The disease primarily affects the small intestine, where it
progressively leads to flattening of the small intestinal mucosa. The genetic
susceptibility of CeD is conferred by well-identified haplotypes in the human leukocyte
antigen (HLA) class Il region (ie. DR3 or DR5/DR7 or HLA DR4). Such haplotypes are
expressed on the antigen-presenting cells of the mucosa (mostly dendritic cells). HLA
DR3-DQ2 is positively correlated with comorbidity of T1D and CeD. CeD is rarely
found after 10 years of diabetes duration. It is very important to diagnose celiac
disease early and to treat accordingly in order to prevent the risk of gastrointestinal

malignancy (lymphomas) and low Bone Mineral Density (BMD). For the diagnosis of



CeD in children and adolescents a regular screening of anti-endomysial (EMA) and
tissue Transglutaminase IgA- antibodies (anti-tTG) is recommended. Screening with
anti-gliadin (AGA) antibodies is recommended for the diagnosis in T1D children
younger than 2 years of age because of higher sensitivity. Total IgA measurement (in
order to exclude IgA deficiency) is also recommended because of the often co-
morbidity between the CeD and IgA deficiency. CeD is more common in those with
IgA deficiency than in the general population (1.7% vs 0.25%). The screening for
autoantibodies is recommended upon stabilization of the patient after the initial
diagnosis of TIDM and every 1-2 years thereafter or upon symptoms (up to 10 years
of T1D duration). Studies have shown that the risk is greater with T1D onset at age

younger than 5 years, but after longer diabetes duration the risk is lower 34,

Several studies have shown that there is an overlap in the genetic risk loci for Celiac
Disease (CeD), Crohn’s Disease (CD), Multiple Sclerosis (MS), Rheumatoid Arthritis
(RA), Systemic Lupus Erythematous (SLE) and T1D. The genetic susceptibility with
the contribution of environmental factors and endocrine disruptors, constitute the
fundamental element leading to the development of autoimmune diseases 2632, The
genetic contribution is suggested from the relatively high degree of familial clustering
among patients with T1D and other autoimmune diseases. It is suggested that the
genetic susceptibility is associated to the major histocompatility complex (MHC),
mainly to the alleles DR and DQ but even to DNA polymorphisms, unlinked to the MHC
region. Recently, genome-wide association studies (GWAS) suggested the possible
genetic linkage between the autoimmune diseases and the co-occurrence of diseases
within individuals and within families 263235 (Table 3). This clustering of genetic risk
factors for many autoimmune diseases suggests that these diseases might share, at

least partly, similar underlying causal mechanisms.

Table 2: Overlapping in the genetic risk loci for Celiac Disease (CeD), Crohns
Disease (CD), Multiple Sclerosis (MS), Rheumatoid arthritis (RA), Systemic
Lupus Erythematosus (SLE) and Type 1 Diabetes Mellitus (T1D), which may
suggest common mechanisms that lead to the development of autoimmune
diseases. Adapted from Hum. Mol. Genet. 17, R116-21 (2008)3°
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1.7 Complications of type 1 diabetes mellitus

1.7.1 Acute complications of type 1 diabetes mellitus

It is noteworthy that especially in adolescents, diabetes-induced microvascular
complications’ frequency is often observed within 2-5 years’ time following initiation of
T1D 326,

Acute complications of T1D, that often occur when glycemic control is poor, include
hypoglycemia and diabetic ketoacidosis (DKA), a life-threatening condition in which
severe insulin deficiency leads to hyperglycemia, excessive lipolysis, and unrestrained
fatty acid oxidation, producing the ketone bodies acetone, B-hydroxybutyrate, and
acetoacetate. This condition results in metabolic acidosis, dehydration and
electrolytes impairment. In parallel, excess secretion of glucagon, catecholamines,
glucocorticoids, and growth hormone in combination with insulin deficiency accentuate
hyperglycemia by stimulating glycogenolysis and gluconeogenesis.

1.7.2 Chronic complications of type 1 diabetes mellitus

The chronic complications which occur rather often, include development of
microvascular lesions in the retina, renal glomerulus, and peripheral nerve. In parallel,
T1D is also associated with macrovascular atherosclerotic pathophysiological
procedures that resemble macrovascular morbidity in nondiabetic patients, occurring

more rapidly, in younger ages.
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Early in the course of T1D, specific organs’ function decline and tissue abnormalities
become evident, while hyperglycemia causes abnormal homeostasis in blood flow and
vascular permeability in the retina, glomerulus, and peripheral nerve vasa nervorum.
The increased blood flow and intracapillary pressure is thought to reflect
hyperglycemia-induced decreased nitric oxide (NO) production on the efferent side of
renal capillaries and eventually an increased sensitivity to angiotensin Il. As a
consequence of increased intracapillary pressure and endothelial cell dysfunction,
retinal capillaries exhibit increased leakage of fluorescein and glomerular capillaries
have an elevated albumin excretion rate (AER). Likely, changes occur in the peripheral
nerves’ vasa vasorum. Early in the course of T1D, this increased permeability is
reversible but under the continuing trigger effect of hyperglycemia the lesions become

irreversible.

The importance of glycemic control in the pathogenesis of diabetic complications is
supported by the observation that Glycated hemoglobin (HbAlc) is an independent
risk factor for cardiovascular morbidity in TIDM and hyperglycemia is a continuous
risk factor for macrovascular disease 3-3°, On the other hand, epidemiological and
prospective data have shown that the stressors of diabetic vasculature persist beyond
the point when glycemic control has been achieved. This kind of persistent adverse
effects of hyperglycemia on the development and progression of complications has
been defined as "metabolic memory", and oxidative stress, advanced glycation end-
products (AGEs) and epigenetic changes may play a significant role in the

process3940,

Lower HbAic has been associated with more favorable renal outcomes after
microalbuminuria diagnosis. Overall, a 21% reduction in the risk of the composite
primary CVD outcome per 10% lower mean HbA1c has been shown during the DCCT
study 4. Major beneficial effects of intensive insulin treatment on long-term
complications, including retinopathy, nephropathy with reduced glomerular filtration
rate (GFR), and autonomic manifestations of neuropathy, have been demonstrated.
In addition, measurements of atherosclerosis in several macrovascular beds, including
carotid intima media thickness and computed tomography—measured coronary artery

calcification, have revealed less atherosclerosis in people with diabetes who have a

11



good glycemic control. The clinical expression of these changes, fatal and non-fatal
myocardial infarctions and stroke, were also reduced by intensive insulin-therapy, with
a 58% reduction in CVD 4. Moreover, according to the EURODIAB study, HbA1c was
related to all-cause mortality in a non-linear manner after adjustment for age and sex.
All-cause mortality risk was increased at both low (5.6%) and high (11.8%) HbA1c
compared to the reference (median HbA1c: 8.1%) following a U-shaped association #2.

However, a lot of studies have shown that different patients with similar duration and
degree of glycemic control differ markedly in their susceptibility to microvascular
complications. Such observations suggested that genetic susceptibility may play a
rigorous role in affecting pathways which lead to microvascular lesions 4345, The role
of AGEs is also suggested to be very important in the development of diabetic

microvascular complications, especially for diabetic retinopathy 4.

Previous studies have shown strong relationship between smoking and diabetic
microvascular complications, despite intensive insulin treatment and sufficient

glycemic control 47

1.7.2.1 Diabetic retinopathy

Diabetic retinopathy is a sight-threatening chronic microvascular complication that is
characterized by gradually progressive alterations in the retinal capillaries, leading to areas
of retinal hypo- or even non-perfusion, increased vascular permeability termed macular
edema, and pathologic uncontrolled intraocular proliferation of retinal vessels, termed
proliferative diabetic retinopathy (PDR). In the initial stages of diabetic retinopathy, patients
are generally asymptomatic but in the more advanced stages patients’ symptomatology
may include floaters, blurred vision, distortion, and progressive visual acuity loss. The

clinical stages of Diabetic Retinopathy are listed in table 3849,
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Table 3: Clinical classification for diabetic retinopathy. Diabetic macular edema
is classified as apparently present or apparently absent (Ophthalmology. 2003
Sep;110(9):1677-82).

Stages of Diabetic Retinopathy

Non-proliferative diabetic
retinopathy Proliferative diabetic retinopathy

* Mild: Indicated by the presence of at * Neovascularization: Hallmark of PDR
least 1 microaneurysm

* Moderate: Includes the presence of _ e S
hemaorrhages, microaneurysms, and * Hemorrhage into the vitreous

hard exudates « Fibrovascular tissue proliferation

* Preretinal hemorrhages

» Severe (4-2-1): Characterized by
hemorrhages and microaneurysms in
4 guadrants, with venous beading in * Macular edema
at least 2 quadrants and intraretinal
microvascular abnormalities in at
least 1 quadrant

* Traction retinal detachments

1.7.2.2 Diabetic neuropathy

Diabetic neuropathy (DNE) include a heterogeneous group of disorders and present
a wide range of abnormalities that affect distinct regions of the nervous system,
isolated or combined. DNE is one of the most common long-term diabetes-induced
complications and highly associated with morbidity and mortality 5%51. The prevalence
of DNE varies substantially, depending on specific diagnostic criteria °. Cohort studies
reported that prevalence was found to reach approximately 45% after 25 years 50:52,
Clinical signs and symptoms can be non-specific and insidious, and progression can
be slow. Neuropathy may be silent for many years or it can manifest with clinical
symptoms and signs that mimic those seen in many other diseases. It is, therefore,

often diagnosed by exclusion.
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The major morbidity associated with somatic neuropathy is foot ulceration, the
precursor of gangrene and limb loss. Neuropathy increases the risk of amputation 1.7-
fold, 12-fold if there is deformity (itself a consequence of neuropathy), and 36-fold if
there is a history of previous ulceration 3. Autonomic neuropathy, one of the most
devastating types of DNE, is often underestimated and misdiagnosed, but once sets
in, quality of life can be dramatically reduced, and the mortality rate approximates 25%
to 50% within 5 to 10 years °3.

Diabetic neuropathy is not a single entity but a number of different syndromes with
subclinical or clinical manifestations depending on the classes of nerve fibers involved.
According to San Antonio Convention >4, the main groups of neurologic disturbance in

diabetes mellitus are listed in the table 4.

Subclinical neuropathy is diagnosed on the basis of abnormal electrodiagnostic tests
with decreased nerve conduction velocity (NCV) or decreased amplitudes; abnormal
guantitative sensory tests (QST) for vibration, tactile, thermal warming, and cooling
thresholds; and quantitative autonomic function tests (QAFT) revealing decreased
heart rate variation with deep breathing, Valsalva maneuver, and postural testing °°.

14



Table 4: Classification of Diabetic Neuropathy (Adapted from Consensus Panel:
Report and recommendations of the San Antonio Conference on Diabetic
Neuropathy. Diabetes 1988; 37: 1000)

Classification of diabatic neuropathy

+ Clags | Subelincal Neuropathy Autonomic Neuropathy
Abnormal electrodiagnostic fests (EDX)
Detreased nene conduclonvelocly

Decreased amE||1udear gyoked muscle or nerve
aclion potenta Genllournary autonomic neurapathy

Aonormal quandtatve sensory tStNG(OST) oo ysincion
Vibratorytactle

Theimal waminglcooing
Other

Aomomal utonomic uncontestfaFr) GRS ANy

Diminished sinus amythmia (beato-beat heart  Gallladder lony
A Diabelc dlahea
JAOEtL O
Dirmiished sudomotor functon . .
Increased pupllaryatency _H-" p”gh'?'.’m'“ RS e Y
neuropathy)

Abnormal pupllary function

Sudomotor dysfunction

Sexual dysfunction
Gasliontestinal autonomic neurcpathy

+ Class Il Clinical Neuropathy
Diffuse Neuropathy

Dital symmetrc sensorimotor poyneuropatny  MYROgIYCEMc unaarenéss
Primarlly smal fber neuropathy Focal neuropathy

Cardiovascular autonomle neuropathy

Primeniy arge ier neuropatny Monenelropathy (upner o ower exremiy)
Mixed -

15



1.7.2.3 Coronary heart disease

Several studies, have shown an excess morbidity and mortality associated with
diabetes and elevated glucose, even after adjustment for traditional coronary heart

disease (CHD) risk factors.

According to the results of a large Finnish database, cardiovascular disease (CVD)
mortality in patients with type 1 diabetes aged 45 to 64 years at baseline increases by
about 50% with every 1% increase in glycated hemoglobin (HbAlc) 5.

1.8 Diabetic nephropathy

1.8.1 Diagnosis of Diabetes Nephropathy

Microalbuminuria has been traditionally considered as the primary predictive marker
of risk for progress to the advanced stages of chronic kidney disease. Actually, the
origins of this model can be traced to three follow-up studies published in the 1980’s
57-59 patients with T1D who present with microalbuminuria, defined by persistent
urinary albumin excretion approximately in the range of 30-300 micrograms per
minute, were followed for 7 to 14 years, and advanced kidney disease developed in
60—90% of them.

The presumed association of renal function impairment with proteinuria inspired a
simple model of diabetic nephropathy comprising three sequential stages:
Microalbuminuria heralds proteinuria, which plays a leading role for the pathways of
the progress of renal dysfunction to end stage renal disease . Following this
traditional model, therapy in T1D patients with microalbuminuria has been focused on
the prevention of albuminuria through blockade of the Renin-Angiotensin-Aldosterone
system (RAAS) 51,

However, in contrary to the outcomes from the studies that showed microalbuminuria
was a step toward advanced stage kidney disease, many recent studies have
suggested that it may rather be considered as a dynamic process that is more likely
to remit to normoalbuminuria than to progress to albuminuria. Indeed, recent results

from the Oxford Regional Prospective Study showed that the majority (52%) of
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subjects with microalbuminuria had a dynamic process described as “intermittent
microalbuminuria” %2 and the 6-year cumulative incidence of remission was
approximately 50%. According to other epidemiological studies the risk of remission

far outweighs the risk of progression to proteinuria 62-64.65,

Although microalbuminuria plays an essential diagnostic role to the model of early
diabetic nephropathy, because of the frequent occurrence of microalbuminuria
remission, it seems that it can no longer be considered as the only independent
predictive marker for advanced stage of chronic kidney disease . Recently, several
authors regarding the early nephropathy literature, have provided major insight into
the early natural history of diabetic nephropathy in type 1 diabetes and have identified
a new phenotype — early renal function decline (ERFD) 6. In order to diagnose ERFD,
it is important to detect the presence of a progressive loss of GFR over time even if it

remains within normal range 6768,

Indeed, several recent studies showed that renal dysfunction appears to begin prior to
the onset of albuminuria. In the 2nd Joslin Kidney Study on the Natural History of
Microalbuminuria, over one-third of T1D patients with microalbuminuria at the time of
enrollment already had evidence of mild (GFR<90) or moderate (GFR<60 ml/min)

renal function impairment ©6,

1.8.2 Prevalence and incidence of diabetic nephropathy

According to earlier studies, 25% to 40% of patients with T1D and 5% to 40% of
patients with T2D ultimately develop diabetic kidney disease %°. Approximately 20 to
30 percent of T1D have microalbuminuria after a mean duration of disease of 15 years.
The overall incidence of end stage renal disease is reported to be 4-17% at 20-30
years from T1D diagnosis. Up to 20% of patients with T2D already have diabetic
kidney disease when they are diagnosed with diabetes °0 and a further 30% to 40%

develop diabetic nephropathy, mostly within 10 years of diagnosis ©°.
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1.8.3 Genetic susceptibility of diabetic nephropathy

Recent studies suggest a role for cell death in the progression of human DN. Gene
ontology identified 112 cell-death-related genes that were significantly differentially
regulated in the tubulointerstitium of renal biopsies from DN patients’®. The landmark
study by Seaquist et al. in 1989 showed that family history of kidney disease appears
to be among the strongest risk factors for initiation of diabetes-associated nephropathy
44 Researchers have identified genetic associations for susceptibility to diabetic
nephropathy for T1D at loci near the FRMD3 and CARS genes’?, the AFF3 gene and
an intergenic SNP on chromosome 15¢26 between the genes RGMA and MCTP2 72,
Functional data have suggested that AFF3 influences renal tubule fibrosis via the
transforming growth factor-beta (TGF-B1) pathway. Another association with DN as a
primary phenotype was seen for an intronic SNP in the ERBB4 gene 7273, In addition,
it is suggested that genetic variations on chromosome 11q at the MMP-3/MMP-12

locus influence susceptibility for DN in type 1 diabetes 7.

1.8.4 The pathogenesis of diabetic nephropathy

It is evident that hyperglycemia is necessary for the initiation of renal structural injury,
since people without diabetes do not develop the same type of nephropathy. Early in
the course of T1D, specific organs’ function declines and tissue abnormalities become
evident, hyperglycemia causes abnormal homeostasis in blood flow and vascular
permeability in the glomerulus. The increase in blood flow and intracapillary pressure
is thought to reflect hyperglycemia-induced decreased nitric oxide (NO) production on
the efferent side of renal capillaries and eventually an increased sensitivity to
angiotensin 1l with profibrotic effects. In vitro studies have demonstrated that
hyperglycemia induces mesangial cell matrix production and mesangial cell apoptosis.
Early in the course of T1D, this increased permeability is reversible but under the

continuous trigger effect of hyperglycemia the lesions become irreversible.

Moreover, intensive antidiabetic treatment may attenuate the development of
nephropathy, as assessed by urinary albumin excretion, although it cannot be fully

prevented’®. However, it is now clear that other factors may also be involved, as
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continuous hyperglycemia is not necessarily required for diabetic hyperfiltration to
occur. Indeed, glomerular hyperfiltration and tubular hypertrophy can persist in

patients with T1D even after optimal glycemic control is achieved 7°.

Studies performed in endothelial cells demonstrating other pathways that may be
involved in diabetic nephropathy, include:

A central role of mitochondrial reactive oxygen species (ROS) which are generated as
byproducts of oxygen metabolism in renal mesangial cells 6. Overproduction of
mitochondrial superoxide during hyperglycemia has been postulated as the primary
initiating mechanism that activates pathways of diabetic vascular tissue damage, leading to
cellular redox imbalance and oxidative stress. A number of in vitro and in vivo studies
suggest that oxidative stress is increased in diabetic nephropathy. In addition,
overproduction of ROS by high glucose compromises the antioxidant defense mechanisms
in diabetic nephropathy such as reduced levels of mitochondrial-specific manganese
superoxide dismutase (MnSOD) and further aggravates oxidative stress. Oxidative stress
including ROS may damage mitochondrial DNA (mtDNA) and impair electron transport
chain, leading to increased ROS production 7’

Accumulation of Advanced Glycated End-products (AGEs). Advanced glycation that
occurs at an accelerated rate in T1D is a prominent phenomenon in the kidney. The
excretion of AGEs is mostly renal, but also many of the proteins with a long life, such
as collagen, are extensively glycated in patients with diabetes 7. Furthermore, various
AGE receptors such as RAGE have been described in the kidney, which appear to
play a role in mediating some of the deleterious effects of AGEs, inducing the
expression of TGF-beta and other cytokines that are proposed to mediate the
transdifferentiation of epithelial cells to form myofibroblasts (it is strongly believed that
myofibroblast formation represents a key step in the development of tubulointerstitial

fibrosis) 8.

Activation of intracellular signaling molecules such as protein kinase C (PKC)”®. PKC
is a family of enzymes that phosphorylate serine or threonine residues of various
intracellular proteins and is thus involved in a lot of cellular functions that may lead to

the pathophysiology of diabetic complications including basement membrane
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hyperplasia and signal transduction for growth factors. At least 11 isoforms of PKC
have been identified. Although hyperglycemia may play an important role in PKC
activation, a number of other stimuli have been demonstrated to play a role, including
AGEs, AGE receptors, angiotensin Il and ROS 7°.

Increased prorenin activity in children and adolescents with T1D is suggested to be a
risk factor for the development of DN. Prorenin binds to a specific tissue receptor that

induces activation of mitogen-activated protein kinases (MAPK).

Activation of several cytokines [i.e. transforming growth factor-beta (TGF-()],
profibrotics and vascular growth factors like vascular endothelial growth factor (VEGF),

have been suggested as promoters of matrix accumulation in T1D.

Renal expression of Nephrin (a transmembrane protein expressed by podocytes) may
be impaired in T1D, inducing DN by influencing the proper functioning of the renal

filtration barrier.

Table 5: Promoting factors in diabetic complications including nephropathy.
Adapted from Williams textbook of Endocrinology’®

+ Glucose

Metabolic - AGE's
+ Oxidative stress

Activation of
intracellular
signaling
molecules

Growth
factors and
cytokines

Diabetic
Nephropathy

T Flow! pressure
* Renin
angiotensin

1.8.5 Clinical course of diabetic nephropathy
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Diabetic nephropathy is often associated with the clinical manifestations of a triad of
hypertension, albuminuria, and, ultimately, renal impairment. The classic five stages
of diabetic nephropathy, based on functional renal evaluation, as described by

Mogensen &, remain the most acceptable way of describing this condition (table 6).

Table 6: The classic five stages of diabetic nephropathy, based on functional

renal evaluation. Adapted from Williams textbook of Endocrinology 8!

1.8.5.1 The stages of diabetic nephropathy

The early natural history of diabetic nephropathy in T1D is traditionally described as

following:
Stage 1: Hyperfiltration stage

The initial phase has been termed as the “hyperfiltration stage” which is associated
with an increase in glomerular filtration rate (GFR) and increased capillary glomerular
pressure. Hyperfiltration is considered to appear as a result of renal hypertrophy .
However its pathophysiology in T1D remains unexplained and its importance in
predicting diabetic nephropathy has been controversial. Past studies have confirmed
the relationship between initially elevated GFR and later development of proteinuria®®.

Stage 2: The Silent Stage
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The second stage, is known as the “silent stage”, where, clinically, there is no overt
evidence of renal dysfunction. GFR is usually normal with no signs of albuminuria.
However, this phase is associated with significant structural changes including
basement membrane thickening and mesangial expansion. Only studies of renal
morphology can postulate that there will be subsequent renal damage. Indeed, more
than a decade ago, it was reported that normoalbuminuric subjects, including
prepubertal children with average diabetes duration of 5-8 years, often have GBM
thickening and mesangial expansion 8 and the frequency of these findings has been
slightly underestimated, while long-standing normoalbuminuric T1D patients have
significant diabetic glomerulopathy lesions 84858669,

Prospective studies have suggested that ambulatory blood pressure monitoring
demonstrated modest rises in arterial blood pressure in T1D patients in this silent

phase up to 5 years before microalbuminuria supervenes &’.
Stage 3: Microalbuminuria stage

The third phase is known as “microalbuminuria stage” or the “stage of incipient
nephropathy” ©°. At this stage, which is usually apparent 5 to 15 years after the initial
diagnosis of T1D, the urinary albumin excretion rate is increased into the
microalbuminuric range of 20 to 200 pg/min or 30 to 300 mg/24 hours 388, Recent
studies showed evidence that microalbuminuria is related to higher HbAlc levels,
dyslipidemia, hypertension, longer diabetes duration and younger age at diagnosis.
However, it has been also reported that a significant number of young T1D patients
are diagnosed with microalbuminuria in their first 2 years of diabetes. The most
prominent risk factors for microalbuminuria are hypertension, higher HbAlc levels,
longer diabetes duration, and dyslipidemia %2. In the past, microalbuminuria was
considered to be a predictor rather than a manifestation of renal pathology. Recently
several renal-structure studies have demonstrated that when persistent
microalbuminuria occurs, there is already widespread evidence of advanced
glomerular structural alterations 8586.8% GFR during this phase may be increased,

normal, or reduced.
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Screening for microalbuminuria remains controversial. Traditionally 24-hour or
overnight urine sampling methods are used. However, a spot urine albumin-to-
creatinine ratio of an early morning urine sample has been assessed and appears to
be a practical option for the screening for microalbuminuria during the follow-up of T1D
patients . Persistent microalbuminuria (PMA) is defined when MA is confirmed on at
least 2 occasions 3-6 months apart. Recent studies reported that in patients with T1D,
MA can be transient and may be reversible especially when microalbuminuria has
short duration, glycemic control is appropriate (HbAlc <8%), systolic blood pressure

is low (<115 mm Hg), cholesterol and triglycerides levels are low °°.
Stage 4: Macroalbuminuria stage

The stage when macroalbuminuria occurs is characterized by overt nephropathy and
usually occurs 10 to 15 years after T1D onset. This stage is highly predictive of
subsequent progress to renal failure if left untreated. During this phase urinary albumin

excretion rate is greater than 300 mg/24 hours (200 pg/min) ©°.

In association with macroalbuminuria, more than two thirds of T1D patients have

arterial hypertension °*.
Stage 5: Renal impairment

The final stage characterized by uremia and end stage renal disease (ESRD), which
can occur in up to 40% of T1D patients, requires renal function replacement therapy.
Many patients with diabetes and ESRD are now considered candidates for renal
transplantation, which is associated with better outcomes than remaining on dialysis
69, Moreover, simultaneous pancreas-kidney (SPK) and pancreas-after-kidney (PAK)
transplantation have become therapeutic options for patients with T1D and ESRD, and
have better success rates than the kidney-alone transplantation. In particular, some
studies have provided evidence that diabetes control is dramatically improved after
pancreas transplantation which remains the only available treatment that is associated
with the reversibility of diabetic nephropathy lesions. These studies also showed that

tubulointerstitial remodeling was also possible 929,
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1.8.5.2 Pathology of diabetic nephropathy
1.8.5.2.1 Glomerular and tubulointerstitial injury

Diabetic nephropathy was originally described as a glomerulopathy associated with
diffuse or nodular glomerulosclerosis. However, less than one third of patients with
T1D and microalbuminuria have the typical glomerulopathy described by Kimmelsteil
and Wilson in 1936. Numerous studies using electron microscopy have shown that
glomerular basement membrane thickening and mesangial expansion are prominent
glomerular lesions in diabetes %. The pathophysiologic changes in diabetic
nephropathy include cellular and extracellular derangements in both the glomerular
and tubulo-interstitial compartments, such as hyperplasia or hypertrophy of various
cell types of the glomerulus and tubules, associated with thickening of glomerular and
tubular basement membranes, as well as expansion of tubulo-interstitial and
mesangial compartments. Other changes include hyalinization of arterioles and
sometimes thickening of branches of intrarenal arteries that lead to impairment in
“autoregulation” of glomerular microcirculation, which apparently could amplify the
renal damage. More recently, however, interest in the possible role of podocytes in the
development and/or progression of diabetic nephropathy has grown. Podocytes
(specialized visceral epithelial cells) are important in maintaining glomerular selectivity
of permeability, and the development of proteinuria is associated with morphological
changes causing dysfunction and subsequent apoptosis ultimately leading to
depletion of these cells within the glomerulus including foot process effacement %.
Foot process effacement and decreased podocyte number and/or density per
glomerulus have been reported in patients with type 1 and type 2 diabetes 99798 |t
has been recently shown that tuft to Bowman’s capsule adhesion (TBCA), known to
be associated with GBM pathology of podocytes, is common in albuminuric patients

with type 1 diabetes %°.

Although most of the studies have focused on glomerular changes in the diabetic
kidney, more recently important changes in other sites of the renal tissue have been
reported, including the tubules, interstitium, medulla, and papilla 1. Diabetic
tubulopathy is characterized by a variety of structural and functional alterations (table
7) including tubuloepithelial cell hypertrophy, tubular basement membrane thickening,
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epithelial-mesenchymal transition and glycogen accumulation. It is also demonstrated
an expansion of the interstitial space with infiltration of various cell types, including

myofibroblasts and macrophages ©°.

Table 7: The pathology of diabetic nephropathy in T1D varies and different
injuries may occur in either glomerular, tubular, vascular or mesangial

compartments

Glomerulus

= Glomegrular basement membrane thickening

* Foot pracess effacement and decreased podocyte numbeer
= Thickeningof branches of intrarenal arteries

leading to "autdregulation” of glomerular microcirculation

=D
L N

Renal artery stenosis

Hyalinization of arterioles

. Collecting

Mezangial expansion
Expansion of tubulo-interstitial and me: sangial
compartments

duct
Proximal tubule Distal tubule ‘

Tubuloepithelial cell hypertrophy

Tubular basement membrane thickening «
Epithelial-meseanchymal transition Loop af Henle
Accumulation of glycogen.

Renal Tubularacidosis

These renal tubular alterations occurring in T1D can precede or at least accompany
the glomerular changes 1. Indeed, recent studies have suggested that
tubuloglomerular feedback mechanisms can drive hyperfiltration associated with
diabetes induced tubular dysfunction and therefore can contribute to albuminuria due

to defective uptake and lysosomal processing 1.

A classification of type 1 and 2 diabetic nephropathy has been suggested by the committee
of the Renal Pathology Society. It consists of 4 classes of glomerular lesions and severity

scores of interstitial and vascular lesions, as listed in table 8 and 9 102,

Table 8: Classification of pathology of glomerular lesions. Adapted from: J Am
Soc Nephrol. 2010 Apr;21(4):556-63
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Classification of pathology of
glomerular lesions

Description

Isolated glomerular basement membrane (GBM)
thickening

Mild mesangial expansion

Severe mesangial expansion

Modular sclerosis (Kimmelstie—Wilson lesion)

Advanced diabetic glomerulosclerosis

26

GBM = 395 nm in females and =430 nm in
males, older than 9 years of age

Mild mesangial expansion in =25% of
mesangium

Severe mesangial expansion in =25% of
mesangium

At least one Kimmelstiel-Wilson lesion
{nodular intracapillary glomerulosclerosis)

=50% glomerular sclerosis




Table 9: Interstitial and vascular lesions’ score of Diabetic Nephropathy.
Adapted from: J Am Soc Nephrol. 2010 Apr; 21(4):556-63

Interstitial and vascular lesions of Diabetic Nephropathy

Lesion Criteria Score

Interstitial lesions

Interstitial fibrosis and tubular No IFTA 0
atrophy (IFTA)
<25% 1
25% to 50% 2
>50% 3
Inflammation
Inflammatory interstitial
infiltrates (T lymphocytes and Absent 0
macrophages)
Infiltration occurs around 1
atrophic tubules
Infiltration in other areas than -
around IFTA
Vascular lesions
Absent 0
One arteriolar hyalinosis 1

More than one arteriole with 2
hyalinosis
Arteriosclerosis (most
severely affected artery in ~ NO intimal thickening 0
the biopsy)

Intimal thickening less than 1
thickness of media

Intimal thickening greater 2
than thickness of media
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1.8.5.2.2 Renal artery stenosis

Patients with T1D have, in general, an increased burden of atherosclerosis, which
results to a higher risk of renal artery stenosis. However, although angiographic
studies have demonstrated a high prevalence of renal artery stenosis in T1D, these
lesions are often of no hemodynamic significance. Nevertheless, a small subgroup will
have a hemodynamically significant stenosis enhancing hypertension, increased risk
of acute pulmonary edema, and progressive renal impairment, where specific
interventions such as surgery or angioplasty are desperately needed 3. Furthermore,
some patients have bilateral renal artery stenosis and in those patients medication
with an angiotensin-converting-enzyme inhibitor (ACE inhibitor) should be avoided

because it can lead to acute renal failure 104,

1.8.5.2.3 Renal papillary necrosis

Renal papillary necrosis is a severe destructive process, resulting from ischemia to
the medulla and papilla %. The renal papilla is very sensitive to ischemic changes
because even in the normal setting it is exposed to a relatively hypoxic environment.
Concomitant exacerbating factors include urinary tract infection and non-steroidal anti-
inflammatory drugs (NSAIDs) medication. The impact of ischemia and possibly the
role of angiotensin Il in this disorder have been suggested in experimental studies in
transgenic rats that overexpress renin and angiotensin Il in their kidney after diabetes
induction 1. In these rats, diabetes was associated with development of papillary
necrosis which could be prevented by blockade of the renin-angiotensin system.
Clinically, papillary necrosis is often manifested as flank pain, hematuria, and fever.
Urinalysis reveals red and white blood cells, bacteria, and papillary fragments. Ureteric

obstruction can occur as a result of these fragments and should be treated properly
107,64
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1.8.5.2.4 Renal Tubular acidosis

Renal tubular acidosis, a condition that is manifested as life-threatening hyperkalemia
and hyperchloremic metabolic acidosis, has been associated with hypoaldosteronism
linked to diabetes, resulting in proximal tubular ammonia production reduced to levels
inadequate to buffer acid in the distal nephron. It has been suggested that a defect in
the conversion of prorenin to active renin along with damage of the cells of the tubuli
and juxtaglomerular apparatus lead to impaired renin release, possibly due to reduced
renal prostaglandin production and elevated vasopressin levels %1% This is an
important issue due to the widespread use of ACE inhibitors Angiotensin Il receptor
blockers (ARBS), potassium-sparing diuretics (such as spironolactone) and B-blockers

which are often used as combined treatment, in T1D patients.

1.8.5.2.5 Other renal manifestations

Since diabetes is strongly associated with impaired renal function, there is a higher
risk of renal dysfunction caused by certain nephrotoxic agents such as radiocontrast
dyes. Where possible, intravenous contrast forms that are an indispensable tool to
diagnosis and management, low-osmolality, nonionic or gadolinium-based contrast
media which should be the agents of choice because they are less nephrotoxic in

patients with diabetes ©°.

1.9 Biomarkers associated with renal structural lesions

According to the National Kidney Foundation (NKF) and the Kidney Disease
Outcomes Quality Initiative (KDOQI), a patient is considered to be in chronic kidney
disease (CKD) if he/ she presents a GFR<60 mL/min per 1.73 m? for three months or
more. Alternatively, any ongoing (at least three months) structural or functional
abnormality of the kidney, regardless of GFR that can be detected by pathological

abnormalities or specific markers is considered CKD 8.
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Glomerular and renal tubular interstitium injury plays the main role in the pathogenesis
of Diabetic nephropathy 8299.10%-111 and in order to diagnose this pathology, several
glomerular and tubular damage markers have been recently discovered. Increased
levels of these markers are supposed to indicate proximal tubular damage in the case
of kidney injury molecule (KIM)-1, neutrophil gelatinase—associated lipocalin (NGAL),
N-acetyl-b-D-glucosaminidase (NAG), and Cystatin C (CysC). These tubular damage
markers have been extensively investigated in predicting the occurrence of acute
kidney injury after various nephrotoxic insults, such as ischemia during cardiac surgery
or sepsis 117114 The most studied biomarkers associated with diabetic nephropathy
are listed below, in table 10.

Table 10: Serum and Urinary markers of diabetic nephropathy

65 kDa,; filtered in
glomeruli followed by
tubular reabsorption;

Urinary Albumin A large number of patients
with microalbuminuria develop

clinical DN. In some patients

Urinary Type IV
collagen

Urinary TGF-3

Urinary Fibronectin

Urinary Connective
tissue growth factor

gold standard for the
diagnosis DN

540 kDa; component
of basement
membrane

25 kDa; regulates
extracellular matrix
production

440 kDa; component
of extracellular matrix
in mesangium

36—38 kDa; fibrogenic
cytokine under
regulation by TGF-3
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microalbuminuria is only
temporary with no signs of
renal impairment at follow-up.

Modest correlation with
decline in eGFR in patients
with T1D.

High levels are associated
with progression of DN with
controversial results.

Increased levels in type 1 and
2 diabetic patients with
macroalbuminuria.

Increased levels have been
shown in diabetic patients



Serum Cystatin C

Urinary Transferrin

Urinary 1gG, IgA, IgM

Urinary a1
microglobulin

Urinary Retinol-binding
protein

Urinary Monocyte
chemo-attractant
protein-1

Serum and urinary
Neutrophil gelatinase-
associated lipocalin

Serum and urinary
Kidney injury molecule
1(KIM-1)

13 kDa; endogenous
cysteine proteinase
inhibitor.

76.5 kDa; more
readily filtered than
albumin

Variable molecular
weights; indicators of
increased glomerular
permeability

27 kDa;

21 kDa; transports
retinol from liver to
tissue

13 kDa; chemokine
which activates
macrophage and
contributes to
tubulointerstitial
disease

25 kDa; increased
after renal injury

Type 1 epithelial
transmembrane
protein, sensitive
marker of proximal
tubular injury
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with micro- or
macroalbuminuria.

It is highly correlated with
GFR.

Increased levels have been
associated with
microalbuminuria

Increased IgG levels have
been associated with
development of
microalbuminuria; higher IgM
levels associated with
cardiovascular morbidity.

Indicates proximal tubular
dysfunction. It correlates with
albuminuria and glycemic
control.

Increased levels have been
associated with DN
progression.

Increased levels have been
associated with advanced
tubulointerstitial lesions

NGAL increases significantly
with albuminuria progression
and cardio-renal morbidity.

Increased levels in all DM
patients independently of
albuminuria; KIM-1 has been
associated with progression of
DN.



Liver-type fatty acid- 14 kDa, expressed in Increased levels are

binding protein proximal tubule cells. associated with micro- and
Increased in ischemia, macroalbuminuria in T1D.
hypertension,

hyperglycemia
Urinary Matrix Urinary mRNA Increased levels have been
metalloproteinase-9, markers of epithelial- correlated with severity of DN.
Urinary fibronectin, a- mesenchymal
smooth muscle actin transition.
Urinary podocyte Podocytes found in Increased levels have been
markers (nephrin and DN and other renal detected in patients with
synaptopodin) diseases normoalbuminuria and have
been correlated with
progression of DN.
Serum YKL-40 40-kDa secreted Inflammatory marker and
(Chitinase-3-Like glycoprotein indicator of endothelial
Protein 1) dysfunction, seems to
increase in patients with
diabetes and albuminuria.
Serum GDF-15 Protein that belongs to  Increased GDF-15 values are
(Plasma growth the transforming associated with rapid decline
differentiation factor- growth factor beta in GFR and are considered as
15) superfamily a predictor of all-cause

cardiovascular mortality in
patients with DN.

1.9.1 Neutrophil gelatinase-associated lipocalin (NGAL)

Neutrophil gelatinase-associated lipocalin (NGAL), first purified and identified in 1993
by Kjeldsen et al. seems to be a promising biomarker 73111112 NGAL is a 178 amino
acid 25 kDa protein that belongs to the lipocalin protein family. It is mainly produced
in renal tubules in response to structural kidney injury 1%, but also, to a lesser degree,
in the lung, trachea, stomach and colon, while it is also excreted in the urine 116, NGAL,

is freely filtered by the glomerulus, it is largely reabsorbed in the proximal tubules by
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efficient megalin-dependent endocytosis 6. NGAL as a renal biomarker was first

described in 2003, following experimental renal ischemia in a mouse model*’.

Urinary NGAL (UNGAL) has been considered to be able to discriminate intrinsic acute
kidney injury (AKI) from prerenal AKI and predict an unfavorable clinical course. In a
recent study, there were validated cutoffs derived from patients’ cohorts, where it was
confirmed that a UNGAL <47 mg/l, made intrinsic AKI decidedly unlikely, whereas a
value of UNGAL >104 mg/l was indicative of intrinsic AKI 118, It is also observed that
serum NGAL levels play a significant prognostic role in cardiovascular morbidity. It is
recently reported that NGAL, can bind matrix metalloproteinase-9 (MMP-9) and inhibit
its degradation, thereby sustaining MMP-9 proteolytic activity. It has been suggested
that increased urinary excretion of NGAL and MMP-9 supports a role for NGAL/MMP-
9 dysregulation in renal function and a susceptibility for the development of renal
complications in diabetes mellitus 1 and 2. Experimental animal studies found that
NGAL/MMP-9 activities preceded microalbuminuria in diabetic nephropathy 73.
Moreover a genetic study showed that genetic variations within the MMP-3/MMP-12

locus influence susceptibility to DN in type 1 diabetes 4.

Plasma NGAL measurements may be influenced by a number of coexisting variables
including chronic kidney disease, chronic hypertension, systemic infections,
inflammatory conditions, anemia, hypoxia and malignancies. Plasma and urinary
NGAL is supported not to be influenced by age after the 5" year of age, while it is
found that infants have higher s-and u-NGAL than children who are found to have
values similar to adults 6. In contrast to conventional markers, such as serum
creatinine, blood urea nitrogen, or serum Cystatin C (CysC), NGAL is not considered
as a marker of renal function, but rather reflects structural damage of renal cells.
Consequently, it is rapidly detectable in response to injury and its increased levels
were supposed to be independent of a functional deficit. In previous studies, NGAL
was effective in the early diagnosis of AKI in several clinical settings 111! and was
also validated for its significant prognostic role in cardiovascular morbidity ?2. The
association between the early tubular interstitial damage in normoalbuminuric diabetic

patients and NGAL was further supported by recently published studies’3111.112,
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1.9.2 Cystatin C

Cystatin C is a small-molecular-weight protein, and in particular, an endogenous
cysteine proteinase inhibitor which is highly correlated with glomerular filtration rate!?3,
This correlation is independent of inflammatory conditions, muscle mass, gender, body
composition and age (after the age of 12 months old) 1?4, Superiority of CysC over
other markers of renal function decline marked by eGFR<60 mL/min, lie in its ability to
remain unbound to protein and to be freely filtered across the glomeruli. In healthy
subjects, CysC is almost freely filtered by the glomeruli and almost entirely reabsorbed
in the proximal tubule like other low molecular weight proteins with no or only partial
tubular secretion. Inter-individual variation in CysC accounts for 25% of its biological
variability compared to 93% for creatinine. Increased CysC values with or without renal
impairment are associated with increased cardiovascular morbidity risk and
atherosclerosis progression in obese children 125126 Cystatin C is commonly
guantified using either an automated particle-enhanced turbidimetric immunoassay or
a particle-enhanced nephelometric immunoassay to measure the formation of antigen-
antibody complexes. The nephelometric method is more sensitive and performs
optimally in dilute solution, making it preferable for small sample volumes encountered
in the pediatric population. It should also be noted that there are discrepancies in the
determination of cystatin C in the same blood samples between the turbidimetric and
the nephelometric immunoassay method, suggesting different reactivity to the
antibodies against the cystatin C molecule, different standards, or different substrates.
The reference range for young healthy persons ranges from 0.53 to 0.95 mgll.
Schwartz et al has recently shown that the reciprocal of cystatin C measured by the

nephelometric method showed substantially stronger correlations with iGFR 127,

1.9.3 Uric Acid

Uric acid (UA) is the main byproduct of purine metabolism. Serum uric acid, has
received renewed attention because of its potential causal role in renal function

impairment, possibly due to its pro-oxidant, complement system activation, renin-
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angiotensin-aldosterone system (RAAS) up-regulation, and nitric oxide inhibitory

mechanisms rather than its role as a marker of renal function itself 65128

Moreover, several studies have shown an independent association of subtle changes
in uric acid with the cross-sectional level of GFR within the normal range 12°. Recently,
studies suggested that in patients with type 1 diabetes, high normal serum uric acid
levels appear to be associated with impaired glomerular filtration rate (GFR) and that
elevated serum uric acid levels are a strong predictor of the development of
albuminuria in patients with type 1 diabetes 30-132, Previous studies suggested uric
acid as an early marker of DN that does not correlate with microalbuminuria®s?,
Elevated UA has not only been demonstrated to be associated with renal dysfunction
133 put also with hypertension development and cardiovascular disease irrespective

of renal involvement 134,

1.9.4 YKL-40

YKL-40, Chitinase-3-Like Protein 1, is a 40-kDa secreted glycoprotein which is an
inflammatory marker and indicator of endothelial dysfunction and seems to increase
in T1D patients with albuminuria. It is found to be overexpressed in certain solid
tumors, such as breast cancer, colon, lung, kidney and ovary. In patients with
malignancies, the serum concentrations of YKL-40 can often predict tumor stage,
response to treatment, and prognosis. Increased levels of serum YKL-40, have also
been observed in certain conditions characterized by inflammation and tissue
remodeling, such as arthritis, severe bacterial infection, inflammatory bowel disease,
and liver cirrhosis. The increased YKL-40 values in inflammatory processes and
vascular dysfunction, suggest that YKL-40 may play a role in endothelial dysfunction
135 Elevated levels of YKL-40 have been associated with the metabolic syndrome and
cardiovascular morbidity. It has recently been proposed as an indicator of
atherosclerotic disease progression 135136 |n patients with type 1 diabetes, a positive
correlation between elevated levels of plasma YKL-40 and albuminuria has been

reported 137138,
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1.9.5 GDF-15

GDF-15 (Plasma growth differentiation factor-15), is a protein belonging to
the transforming growth factor beta superfamily 3°, which has been linked to
inflammation and apoptosis and seems to be expressed in the heart in response to
ischemia and in atherosclerotic plagues. A recent study showed that high levels of
GDF-15 are a predictor of cardiovascular mortality and morbidity in patients with
diabetic nephropathy 14140, GDF-15 also plays an important role in tumor-genesis and
metastatic tumors. It has been observed that in many types of cancer, such as
colorectal cancer, breast and prostate cancer, the expression of GDF-15 is
significantly increased 143142, In addition, high levels of this marker are associated with
rapid decline in glomerular filtration rate and renal dysfunction. Higher levels of GDF-
15 have been suggested as predictors of all-cause cardiovascular morbidity and
mortality in patients with diabetic nephropathy 114,140,

1.10 Glomerular filtration rate

Glomerular filtration rate (GFR) is defined as the volume of fluid filtered by the renal
glomerular capillaries into the Bowman's capsule per unit of time. Glomerular filtration
rate (GFR) is best evaluated by the clearance of iohexol (iGFR) 4. The best and most
accurate formula regarding estimated GFR for children has been debated the last
years. Indeed, the 2009 modified Schwartz bedside GFR formula “eGFR = 0.413 *
height (cm)/creatinine (mg/dl) or eGFR 36.5 * height (cm)/creatinine (mol/L)” has been
widely adopted for children because it has been correlated to iIGFR 144145,

Schwartz et al. have recently suggested another eGFR formula “eGFR=39.8
(ht(m)/Scr)?4%6(1.8/cystatinC)%-418(30/BUN)?9791.076™Ma€(ht(m)/1.4)%179” that estimates
the glomerular filtration rate in youth, by assessing several parameters (reciprocal of
CysC measured by the immunonephelometric method, BUN, serum creatinine, gender
and height) which showed substantially stronger correlations with iIGFR (0.87 for

nephelometric vs.0.74 for turbidimetric analyzed Cystatin C) 27, This formula is
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proposed as the best tool to accurately and precisely estimate GFR in childhood
populations at study visits when iohexol is not indicated.

The Lund strategy suggested by A. Grubb and his team, appears to give interesting
and reliable results in adults and children, though there is no real consensus 146147,
This strategy consists of a multi-step evaluation of GFR by calculating eGFR with one
creatinine-derived formula and one cystatin C-derived formula; in case of agreement
between the two equations, the mean value is considered to be the reliable GFR; in
case of disagreement, clinical explanation must be considered (e.g. decreased muscle
mass or treatment with corticosteroids) and the formula known to be influenced is

changed.
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SPECIFIC PART

2 Early markers of diabetic nephropathy in children and

young adults with type 1 diabetes

2.1 Aim of the study

The aim of this study was to determine the possible predicting roles of serum NGAL,
serum YKL-40, serum GDF-15 serum CysC, serum uric acid and urinary NGAL, in
unmasking an early glomerular and/or tubular injury and the possible association with
renal function decline in asymptomatic young T1D patients with or without

microalbuminuria.

2.2 Study design

This is an observational cross-sectional prospective long-term follow-up study. The
sample size was calculated from a previously estimated standard deviation of the
analyzed biochemical markers. With a=0.05 and a power of 80%, the patient group
should consist of 54 patients; with an estimated dropout rate of 20%, the necessary
sample size was calculated to be 70 patients. In total, at baseline, 70 patients were
included in the study, and completed the baseline clinical examination and laboratory
assessment. During the 12-15 months’ follow up period, 14 patients dropped out either

because they met exclusion criteria or discontinued the follow up.

During the follow-up period, a patient-group that completed both baseline and
reevaluation at 12-15 months was evaluated. The patient group consisted of 56 T1D
patients, with mean age 13.1 years (SD: 3.20) and mean diabetes duration 4.59 years
(SD: 3.49) at enroliment, who were prospectively followed for at least 2 years at the
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Diabetes Centre of the First Department of Pediatrics of the University of Athens,

Aghia Sophia Children’s Hospital, Greece.

The diagnosis of T1D was based in all participants of the patients’ group on the
presence of the high titer of at least one and mostly two of the known autoantibodies
related to type 1 diabetes mellitus. Specifically, the percentage (%) of positivity for
each autoantibody tested was: for GADA (72%), IA2 (71%) and IAA (45%). Ten of the
patients presented with microalbuminuria at inclusion in the study, while five of them
had persistent microalbuminuria at reevaluation and five patients were restored to
normoalbuminuria. Three patients presented with newly diagnosed microalbuminuria
at reevaluation. In total, eight patients were found to have microalbuminuria at

reassessment.

Forty-nine healthy children with mean age 12.8 (SD: 6,6) who were referred to the
Division of Endocrinology for growth evaluation but were found to be within the normal
reference charts and willing to participate in the study, served as controls (Table 11).
Informed consent was obtained from the parents of all participants prior to their

inclusion in the study.

The study was approved by the Ethics Committee of the Aghia Sophia Children’s
Hospital and has therefore been performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its later amendments.

Inclusion criteria for all participants were euthyroidism for at least 6 months prior to
study enrollment as well as during follow-up. The exclusion criteria were the presence
of active urinary tract infection, glucocorticoid medication, pregnancy, renal disease

and any chronic disease other than T1D.
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Table 11: Demographic characteristics of the patients and healthy controls that
participated in the study

Demographic characteristics of T1D patients at baseline and controls

T1D Controls P-
value
n 56 49
Gender Boys 57.1% (n= 32) Boys 42.8% (n=21) 0.31
Girls 42.9% (n= 24) Girls 57.2% (n=28)
Mean 95% Cl SD Mean 95% ClI SD
Age 13.1 12.2-139 3.2 12.8 10.9- 14.7 6.6 0.21
Age of diagnosis 8.5 7.6-9.5 3.4 na (non applicable)
BMI z-score 0.3 0.04-0.6 0.8 0.3 0.02 - 0.6 0.8 0.68
HbAlc 83 % (68 7.8-8.8% 1.7 47 % (28 4.4 - 49 % 04 <0.001
mmol/mol) (63- 73 mmol/mol) (25-30
T1D duration 4.5 3.6-55 3.4 na
Microalbuminuria 18.5% presented 0 % presented microalbuminuria
microalbuminuria (10/56) (0/49)

Along with the study, we looked into the epidemiological data through a
retrospective study of data acquisition on clinical manifestations during the long-term
follow-up from the archives of our Diabetes Centre. We studied 567 individuals (51%
males and 49% females) with type 1 diabetes diagnosed at the Division of
Endocrinology, Metabolism and Diabetes, First Department of Pediatrics, University
of Athens, “Aghia Sophia” Children’s Hospital from 1990 to 2013. The diagnosis of
T1D was based on the presence of the high titer of at least one and mostly two of the
known autoantibodies related to type 1 diabetes mellitus. Specifically, the percentage
(%) of positivity for each autoantibody tested was: for GADA (72%), IA2 (71%), IAA
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(45%) and Islet Cell Cytoplasmic Autoantibodies (ICA) (35%). Fifty-seven percent of
these patients presented with ketoacidosis at diagnosis. The urinary albumin excretion

was assessed in 196 of the 567 patients.

2.2.1 Specimen collection, transportation and storage

After 12-hour fasting, a morning blood sample was obtained for blood urea nitrogen,
creatinine (sCr), uric acid (UA), total cholesterol (tot chol), low density cholesterol
(LDL), high density cholesterol (HDL), triglycerides and Glycated hemoglobin (HbA1c)
determination. Blood was collected in special vials to be used for measurement of the
specific markers NGAL, YKL-40, GDF-15 and Cystatin C. Part of the blood was
centrifuged for separation of serum and stored at -80°C, until final assessments.
Morning urine sample was also collected in special vials to be used for measurement

of NGAL. Urinary albumin excretion was determined from a 24-hour urine collection.

2.2.1.1 Glycosylated hemoglobin (HbAlc) assessment

The assessment of HbAlc was carried out using the HPLC method, via Biorad's
DIAMAT and VARIANT TM2 (DiaMed GmbH, Switzerland).

2.2.1.2 Urea, creatinine and uric acid measurement

Blood chemistry, including blood urea nitrogen (BUN), creatinine and uric acid was
performed using Siemens ADVIA 1800 Clinical Chemistry Analyser (Siemens
Healthcare Diagnostics, Tarrytown, NY, USA).

2.2.1.3 Microalbuminuria analysis

Urinary albumin excretion was determined from a 24-hour urine collection
(microalbuminuria was defined with values between 30-300 mg/24 hours, measured
on at least two of three measurements over a two- to three-month period). Urinary

albumin was determined by nephelometry [(nephelometer Turbox) Orion, Espoo,
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Finland], with commercially available reagents, and was expressed in micrograms per

minute.

2.2.1.4 Serum NGAL analysis

Serum NGAL levels were measured using a commercially available ELISA (Bioporto,
Gentofte, Denmark). The intra- and inter-assay coefficients of variation (CVs) were
5.6% and 6.4%, respectively. In this assay, the lowest detection limit of NGAL is 0.1

ng/ml and assay range is 0.2-20 ng/ml.

2.2.1.5 Urinary NGAL analysis

Urinary NGAL levels were measured using a commercially available ELISA (Bioporto,
Gentofte, Denmark). The intra- and inter-assay coefficients of variation (CVs) were
5.6% and 6.4%, respectively. In this assay, the lowest detection limit of NGAL is 0.1

ng/ml and assay range is 0.2-20 ng/ml.

2.2.1.6 Serum GDF15 analysis

The serum GDF-15 concentrations were measured using a commercial enzyme-linked
immunosorbent assay (R&D Systems, Minneapolis, MN, USA). In this assay, the
lowest detection limit of GFD-15 is 2.0 pg/ml. The intra-assay coefficient of variation
range from 1.8-2.8%, while the inter-assay coefficient of variation range from 5.6-6.0%

according to the manufacturer.

2.2.1.7 Serum YKL40 analysis

Serum YKL-40 levels were measured by a commercial two-site sandwich-type
enzyme-linked immunosorbent assay (Quidel Corporation, San Diego, CA). In this
assay, the lowest detection limit of YKL-40 is 5.4 ng/ml. The intra-assay coefficient of
variation range from 5.6-6.6%, while the inter-assay coefficient of variation range from

6-7% according to the manufacturer.
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2.2.1.8 Serum cystatin C analysis

CysC concentration was measured by an immunonephelometric technique using the
BN Prospec nephelometer (Dade Behring, Siemens Healthcare Diagnostics,
Liederbach, Germany). The nephelometric method is more sensitive and performs
optimally in dilute solution, making it preferable for small sample volumes encountered
in the pediatric population. With a range of 0.23—-7.25 mg/L, this assay is currently the
most precise automated assay across the clinical concentration range. The inter-assay
coefficient of variation (CV) for the assay was 5.05% and 4.87% at mean
concentrations of 0.97 and 1.90 mg/L, respectively.

2.3 Statistical analysis

Statistical analyses were performed using MedCalc for Windows, version 12.5
(MedCalc Software, Ostend, Belgium). Correlation analysis is used to determine
whether the values of two variables are associated using Pearson parametric
correlation (Pearson’s correlation coefficient r with P-value). Student t-test was
performed as appropriate (paired samples t-test were used to test the null hypothesis
that the average of the differences between a series of paired observations is zero
when performed on the same subjects or independent samples t-test when performed
between controls’ and patients’ group). Multiple regression analysis was a method
used to examine the relationship between one dependent variable and one or more
independent variables. The significance was defined at p-value <0.05, rho and 95%
confidence interval (Cl) for the correlation coefficient.

2.4 Results

2.4.1 Estimated Glomerular Filtration Rate (eGFR)

Paired samples t-test of repeated measurements revealed that mean S-eGFR value

in T1D patients was increased at re-evaluation (mean S-eGFR at baseline= 90.72 with

43



SD=19.8, mean S-eGFR at reevaluation= 97.5 with SD= 17.5, n=56, p=0.003) (figure
1). The same analysis showed a significantly increased CysC-eGFR at reevaluation
(mean value at baseline= 96, 81 with SD= 11.23 mean CysC-eGFR at reevaluation=
101.44 with SD= 12.13, n=56, p=0.002) (figure 2) and an increase of L-eGFR at
reevaluation, but this result was not statistically significant (mean value at
baseline=120.7, mean value at reevaluation= 122.7, n=56). Regarding S-eGFR, 13
patients were found to have a decreased value at reevaluation, while for CysC-eGFR

and L-eGFR, 14 and 23 patients respectively had a decreased value at reevaluation.

150

140

130

120

110

100

90

80

70

60

50 L L
S-eGFR 1 S-eGFR 2

Figure 1: Paired samples t-test of repeated measurements revealed that mean S-eGFR
(bedside formula Schwartz) value) in T1D patients was increased at re-evaluation
(p=0.003) (1= at baseline, 2= after 12-15 months)
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Figure 2: Paired samples t-test of repeated measurements revealed that mean CysC-
eGFR (Schwartz et al. recently suggested pediatric eGFR formula for
immunonephelometric measured CysC) in T1D patients was increased at re-evaluation
(p=0.002) (1= at baseline, 2= after 12-15 months)

2.4.2 Urinary albumin excretion

The epidemiological study showed that 60 patients (30, 6%) from a total number of
196 who were examined for urinary albumin excretion, were found to perform
microalbuminuria (MA). Survival analysis with Kaplan-Meier survival curve showed a
mean age of microalbuminuria 15, 7 years with no statistically significant difference

between the two genders (Figure 3).
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Figure 3: Survival analysis with Kaplan-Meier survival curve showed a mean age of

microalbuminuria 15, 7 years

Another analysis with Kaplan-Meier survival curve showed a mean age of
microalbuminuria 13,6 years for the patients who presented DKA at onset of the T1D,
while the mean age for MA for those who had no DKA in their history was 17,4 years
(p=0.024)(Figure 4). Paired samples t-test of repeated measurements revealed that
mean value of urinary albumin in T1D patients was not significantly different between

the two times of evaluation.
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Figure 4. Kaplan-Meier survival curve showed a mean age of microalbuminuria 13,6
years for the patients who presented DKA at T1D onset, while the mean age for MA for

those who had no DKA at onset was 17,4 years(p=0.024)

The results from the main study regarding microalbuminuria were the following:

MA had a positive correlation with the duration of T1D (r=0.36, p=0.02, n=56) and the
advanced pubertal stages in males (r=0.46, p=0.01, n=56).

Microalbuminuria had a negative correlation with creatinine (r=-0.27, p=0.046, n=54
and r=-0.30, p=0.027, n=56 respectively) and BUN (r=-0.38, p=0.004, n=56 and r=-
0.30, p=0.026, n=56 respectively) at both time-points of the evaluation. MA had a
positive correlation with eGFR at both time-points of evaluation regarding CysCeGFR
(r=0.32, p=0.017, n=56 and r=0.32, p=0.021, n=56) and S-eGFR (r=0.36, p=0.007,
n=56 and r=0.43, p=0.0014, n=56) (figure 5).
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Figure 5: Microalbuminuria had a positive correlation with S-eGFR at both time-points
of evaluation (p=0.0014)

No statistically significant correlation was found between MA and L-eGFR.

MA had a positive correlation with LDL at both time-points of evaluation (r=0.35,
p=0.010, n=56 and r=0.43, p=0.004, n=56).

MA at baseline, had a positive correlation with DAP z-score at re-assessment (r=0.29,
p=0.021, n=56) (Figure 6).
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Figure 6: Microalbuminuria had a positive correlation with DAP z-score at re-evaluation

BMI z-score at baseline had a positive correlation with MA of reevaluation (r=0.36,
p=0.027, n=56).

2.4.3 Serum Uric acid

Mean value of uric acid (UA) at baseline was not significantly different between T1D
patients and healthy controls (mean: 3. 4 mg/dl for T1D patients, mean for controls:
3.1 mg/dl) according to Student t-test statistical analysis for independent samples.
Paired samples t-test of repeated measurements revealed that mean UA value in T1D

patients was not significantly different at re-evaluation (mean: 3. 5 mg/dl).

2.4.3.1 Serum uric acid and eGFR
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UA at baseline had a negative correlation with both CysC-eGFR and S-eGFR at
reevaluation (r=-0.40, p=0.005, n=56 and r=-0.40, p=0.004, n=56 respectively) (figure
7).
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Figure 7: Uric acid at baseline had a negative correlation with CysC-eGFR at re-

evaluation (p=0.005)

2.4.3.2 Serum uric acid and other biomarkers (Creatinine, Cystatin C,
microalbuminuria, GDF-15, YKL-40, lipid profile, serum NGAL, urinary
NGAL)

Uric acid had a positive correlation with serum creatinine at both time-points of
assessment (r=0.39, p=0.005, n=56 and r=0.37, p=0.026, n=56 respectively).
Moreover UA assessed at baseline was found to have a stronger positive correlation

with creatinine at reevaluation (r=0.50, p=0.0004, n=56). At reevaluation, UA
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correlated positively with Cystatin C (r=0.40, p=0.016, n=56). UA did not have any
significant correlation with microalbuminuria, GDF-15, YKL-40, lipid profile, serum
NGAL and urinary NGAL.

2.4.3.3 Serum uric acid and Arterial Pressure

No statistically significant correlations were found between UA and SAP- or DAP z-

Sscore.

2.4.3.4 Serum uric acid and diabetes control

No statistically significant correlations were found between UA and HbA1c.

2.4.3.5 Serum uric acid, puberty and somatometric parameters

UA had positive correlations with advanced pubertal stages regarding the pubertal
stages of pubic hair and the increased testicular volume at both time-points of
evaluation [r=0.41, p=0.010, n=56 and r=0.37, p=0.029, n=56 (pubertal stages for
pubic hair) and r=0.49, p=0.020, n=25 and r=0.65, p=0.0016, n=25 (testicular
volume)]. A positive correlation was also revealed between UA and height at both time-
points of assessment (r=0.33, p=0.027, n=56 and r=0.40, p=0.013, n=56 respectively).

2.4.3.6 Serum uric acid and diabetes duration

Uric acid had a positive correlation with age at both time-points of
assessment(r=0.313, p=0.031, n=56 and r=0.313, p=0.027, n=56) but it had no
statistically significant correlation with the duration of the disease.
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2.4.4 Serum NGAL

Mean value of SNGAL at baseline was not significantly different between T1D patients
and controls (mean: 59.5 ng/ml for T1D patients, mean for controls: 62.6 ng/ml,
p=0.393), but SNGAL mean value of T1D patients at reevaluation (mean: 67.6 ng/ml)
was statistically significantly higher than the mean value of the controls’ group
(p<0.001) according to Student t-test statistical analysis for independent samples.
Paired samples t-test of repeated measurements revealed that mean NGAL value in

T1D patients was increased at re-evaluation (p=0.032) (Figure 8).
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Figure 8: Mean value of SNGAL at baseline was not significantly different between T1D
patients and controls (p=0.393), but SNGAL mean value of T1D patients at reevaluation
was statistically significantly higher than the mean value of the controls’ group
(p<0.001). Mean sNGAL value in T1D patients was increased at re-evaluation (p=0.032)
(1= at baseline, 2= after 12-15 months)
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2.4.4.1 Serum NGAL and eGFR

At baseline, regarding the T1D patients’ group, NGAL had no significant correlation
either with S-eGFR or with CysC-eGFR, but it was negatively correlated with L-eGFR
(r=-0.35, p=0.007, n=56). Moreover, at re-evaluation, NGAL had a negative correlation
with S-eGFR (r=-0.26, p=0.049, n=56), CysC-eGFR(r=-0.31, p=0.019, n=56) and L-
eGFR (r=-0.33, p=0.002, n=56) (figure 9).

In addition, the SNGAL values at baseline, were found to have a statistically significant
negative correlation with the L-eGFR at reevaluation(r=-0.32, p=0.014, n=56) (figure
10).
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Figure 9: At 12-15 months’ evaluation NGAL had a negative correlation with CysC-eGFR
(p=0.019)
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Figure 10: sSNGAL values at baseline (1) had negative correlation with L-eGFR at re-

evaluation (2) (p=0.014)

2.4.4.2 Serum NGAL and other biomarkers (Creatinine, Uric Acid, Cystatin C,
microalbuminuria, GDF-15, YKL-40, lipid profile, urinary NGAL)

At baseline, regarding T1D patients’ group, sSNGAL had no significant correlation with

CysC but at reevaluation, a positive correlation between these markers was revealed

(r=0.41, p<0.001, n=56) (Figure 11).
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Figure 11: At 12-15 months’ evaluation (2), SNGAL had a positive correlation with CysC
(p<0.001)

At both time-points, SNGAL had a positive correlation with sCr (r=0.28, p=0.040, n=56
and r=0.32, p=0.010 n=56 respectively) (figure 12).

No statistically significant correlation was found between sSNGAL and
microalbuminuria, however regression analysis revealed that SNGAL values higher
than 70 ug/L found to have a statistically significant positive correlation with

microalbuminuria (r=0.29, p= 0.03, F-ratio: 4, 78).

SNGAL was found to correlate positively with YKL-40 at both time-points of evaluation
(r=0.35, p=0.007, n=56 and r= 0.31, p=0.021, n=56) (figure 13).
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Figure 12: At baseline (1), sSNGAL had a positive correlation with sCr (p=0.040)
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Figure 13: At baseline (1), SNGAL had a positive correlation with YKL-40 (p=0.007)
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2.4.4.3 Serum NGAL and Arterial Pressure

sNGAL was positively correlated with SAP z-score (r=0.26, p=0.011, n=112) (figure

14). No significant correlation between sNGAL and DAP z-score was noted.
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Figure 14: NGAL was positively correlated with SAP z-score (p=0.011)

2.4.4.4 Serum NGAL and diabetes control

HbAlc did not significantly correlate with NGAL either at baseline or at reevaluation.

2.4.4.5 Serum NGAL, puberty and somatometric parameters

A multiple regression analysis was performed between sNGAL at both time-points of
assessment and stages of puberty but no statistically significant associations were

revealed.

No correlation between sNGAL and either with BMI z-score or height z-score was

revealed.
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2.4.4.6 Serum NGAL and diabetes duration

The sNGAL values were found to correlate positively with the duration of T1D (p=0.04)
(figure 15).
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Figure 15: The sNGAL values were found to correlate positively with the duration of
T1D (p=0.04)

2.4.5 Urinary NGAL

Mean value of uNGAL neither at baseline nor at reevaluation was significantly different
between T1D patients (mean: 22.7 ng/ml and 33.6 ng/ml respectively) and controls
(mean: 21,1 ng/ml) according to Student t-test statistical analysis for independent
samples. Paired samples t-test of repeated measurements revealed that mean uNGAL
value in T1D patients was not statistically significantly increased at re-evaluation
(p=0.090).
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2.4.5.1 Urinary NGAL and eGFR

No statistically significant correlation was found between uNGAL and eGFR estimated

with the three different formulas mentioned above.
2.4.5.2 Urinary NGAL and other biomarkers (Creatinine, Uric Acid, Cystatin C,
microalbuminuria, GDF-15, YKL-40, lipid profile)

Microalbuminuria had a positive correlation with uNGAL at reevaluation (r=0.33,
p=0.012, n=56) (figure 16).
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Figure 16: At 12-15 months’ evaluation (2), microalbuminuria had a positive correlation
with uNGAL (p=0.012)

UNGAL was found to correlate positively with LDL in both times of evaluation (r=0,36,
p=0,014, n=56 and r=0,32, p=0,037 n=56 respectively) (figure 17) and Cholesterol

values (r=0.24, p=0.021) at re-evaluation.
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No statistically significant correlation was found between uNGAL and urea, creatinine,
GDF-15, YKL-40, HDL, triglycerides, SNGAL or Cystatin C.
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Figure 17: At baseline (1), uNGAL had a positive correlation with LDL (p=0.014)

2.4.5.3 Urinary NGAL and Arterial Pressure

No statistically significant correlation was found between uNGAL and systolic or

diastolic arterial pressure z-scores
2.4.5.4 Urinary NGAL and diabetes control

No statistically significant correlation was found between uNGAL and the Glycated

hemoglobin.
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2.4.5.5 Urinary NGAL, puberty and somatometric parameters

The Urinary NGAL values were found to be significantly higher in females (r=0.35,
p=0.004) but no association was revealed between uNGAL and the advanced Tanner
stages of puberty in females. On the other hand, uNGAL correlated positively with
testicular volume (r=0.33, p=0.021, n=49) (figure 18).
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Figure 18: uNGAL correlated positively with the increased testicular volume (p=0.021)

No statistically significant correlation was found between uNGAL and body mass index

z-score (BMI z-score) in both genders.

2.4.5.6 Urinary NGAL and diabetes duration

No statistically significant correlation was found between uNGAL and diabetes

duration.
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2.4.6 Cystatin C

Paired sample t-test of repeated measurements revealed that CysC mean value in
T1D patients did not significantly differ between the two time points of assessment

(p=0.61). No significant difference was observed between healthy controls’ and T1D

patients’ CysC measurements (p=0.21).

2.4.6.1 Cystatin C and eGFR

Cystatin C value at baseline correlated negatively with S-eGFR of re-evaluation (r= -

0.29, p= 0.028, n=56) (figure 19). Moreover, at re-evaluation, CysC had a negative

correlation with S-eGFR (r=-0.29, p= 0.025, n=56).
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Figure 19: Cystatin C value measured at baseline (1) correlated negatively with S-eGFR

assessed at re-evaluation (2) (p= 0.025)
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2.4.6.2 Cystatin C and other biomarkers (Creatinine, Uric Acid, Cystatin C,
microalbuminuria, GDF-15, YKL-40, lipid profile)

Baseline Cystatin C, correlated positively with creatinine value at reevaluation (r=0.37,
p=0.006, n=56) (figure 20). Cystatin C at reevaluation, had a positive correlation with
creatinine at the same point of time (r=0.35, p=0.009, n=56).

Cystatin C at both time-points of evaluation, had a positive correlation with uric acid
(r=0.28, p=0.049, n=56 and r=0.41, p=0.014, n=56 respectively).

No significant correlation between Cystatin C and microalbuminuria, HDL, LDL,
triglycerides, BUN, GDF-15 or YKL-40 was found.
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Figure 20: Cystatin C measured at baseline correlated positively with Creatinine at re-
evaluation (2) (p=0.006)
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2.4.6.3 Cystatin C and Arterial Pressure

No statistically significant correlation was found between Cystatin C and SAP z-score
or DAP z-score (p=0.46).

2.4.6.4 Cystatin C and diabetic control

Cystatin C had no statistically significant correlation with HbAlc.

2.4.6.5 Cystatin C, puberty and somatometric parameters

A multiple regression analysis was performed regarding Cystatin C for BMI z-score

and pubertal stages but no statistically significant correlations were revealed.

2.4.6.6 Cystatin C and diabetes duration

No statistically significant correlation was found between CystatinC and either age
(p=0.79) or T1D duration (p=0.44).

2.4.7 YKL-40

Paired sample t-test of repeated measurements revealed that YKL-40 mean value in
T1D patients did not significantly differ between the two time points of assessment
(p=0.07). No significant difference was observed between controls’ and T1D patients’
YKL-40 values (p=0.21).

2.4.7.1 YKL-40 and eGFR

No statistically significant correlation was found between YKL-40 and the eGFR
estimated with the three different equation formulas.
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2.4.7.2 YKL-40 and other biomarkers (Creatinine, Uric Acid, Cystatin C,
microalbuminuria, GDF-15, lipid profile)

We found no statistically significant correlations between YKL-40 and Uric Acid,

Cystatin C, microalbuminuria, LDL or HDL.

YKL-40 correlated positively with total Cholesterol values at both time-points of
assessment (r=0.29, p=0.042, n=56 and r=0.44, p=0.001, n=56) (figure 21) and
triglycerides (r=0.47, p=0.0006, n=56) at re-evaluation.

YKL-40 correlated positively with GDF-15 at both time-points of evaluation (r=0.55,
p<0.0001, n=56 and r=0.36, p=0.006, n=54 respectively).
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Figure 21:. At 12-15 months’ evaluation, YKL-40 correlated positively with total
Cholesterol values (p=0.001)
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2.4.7.3 YKL-40 and Arterial Pressure

YKL-40 correlated positively with Systolic arterial pressure (SAP) (r=0.23, p=0.019,
n=100). Regression analysis revealed a positive correlation between SAP z-score and
YKL-40 in female gender (p=0.041, n=51) (figure 22).

2.4.7.4 YKL-40 and diabetes control

YKL-40 had a positive correlation with HbAlc (r=0.3, p=0.028, n=112) (figure 23).
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Figure 22: Regression analysis revealed a positive correlation between SAP z-score
and YKL-40 in females (p=0.041)
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Figure 23: YKL-40 had a positive correlation with HbAlc (p=0.028)

2.4.7.5 YKL-40 puberty and somatometric parameters

YKL-40 had a positive correlation with the advanced Breast pubertal stage (r=0.28,

p=0.041, n=51). No correlation either with BMI z-score or height z-score was revealed.

2.4.7.6 YKL-40 and diabetes duration

No statistically significant correlation was found between YKL-40 and diabetes
duration. However, a positive correlation was found between YKL-40 and age (r=0.28,
p=0.015, n=123).

2.4.8 GDF-15

Mean value of sGDF-15 at baseline was not significantly different between T1D
patients and controls (mean: 289.5 pg/ml for T1D patients, mean for controls: 278.6

pg/ml, p=0.717), but s sGDF-15 mean value of T1D patients at re-evaluation (mean:
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366.7 pg/ml) was statistically significantly higher than the mean value of the controls’
group (p<0.0001) according to Student t-test statistical analysis for independent
samples. Paired samples t-test of repeated measurements revealed that mean sGDF-

15 value in T1D patients was increased at re-evaluation (p<0.001) (figure 24).
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Figure 24: Mean value of sGDF-15 at baseline (1), was not significantly different
between T1D patients and controls but at re-evaluation (2), it was statistically
significantly higher than the mean value of the controls’ group (p<0.0001), while mean

sGDF-15 value in T1D patients was increased at re-evaluation (p<0.001)

2.4.8.1 GDF-15 and eGFR

GDF-15 had no statistically significant correlation with any of eGFR formulas at
baseline, but it correlated negatively with CysC-eGFR(r=-0.27, p=0.039, n=56) at re-

evaluation (figure 25).
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Figure 25: At 12-15 months’ evaluation (2), GDF-15 correlated negatively with CysC-
eGFR (p=0.039)

24.8.2 GDF-15 and other biomarkers (Creatinine, Uric Acid, Cystatin C,
microalbuminuria, YKL-40, lipid profile)

At re-evaluation, GDF-15 correlated positively with total cholesterol values (r=0.29,
p=0.033, n=54) and LDL (r=0.35, p=0.009, n=54).

2.4.8.3 GDF-15 and Arterial Pressure

No statistically significant correlation was found between GDF-15 and either SAP z-
score or DAP z-score.
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2.4.8.4 GDF-15 and diabetes control

GDF-15 had no statistically significant correlation with HbAlc.

2.4.8.5 GDF-15, puberty and somatometric parameters

A multiple regression analysis was performed between GDF-15 at both time-points of
the evaluation and pubertal stages but no statistically significant correlation was

revealed. No correlation either with BMI z-score or height z-score was revealed.

2.4.8.6 GDF-15 and diabetes duration

No statistically significant correlation was found between GDF-15 and age or T1D

duration.

2.5 Discussion

Microalbuminuria has generally been considered as the earliest marker of the
development of diabetic nephropathy and is often associated with established
significant glomerular damage which has been traditionally believed to be the most
frequent and main derangement in diabetic nephropathy. However, recent studies
showed that MA may be temporary and does not necessarily reflect permanent renal
impairment %, In addition, several lines of evidence suggest that early lesions in both
glomerular and tubular structures may be present in normoalbuminuric subjects.
Indeed, cohort studies including prepubertal children with average diabetes duration
of 5-8 years revealed GBM thickening and mesangial expansion 8 while they also
disclosed that longstanding normoalbuminuric T1D patients may have significant
glomerulopathy lesions 239111 Moreover, recent studies have shown that
pathophysiologic changes in DN include renal function decline associated with cellular
and extracellular derangements in both the glomerular and tubulo-interstitial
compartments %. In addition, several studies have provided evidence that

hyperglycemia is not the only factor for diabetes-induced microvascular complication,
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but other factors may play an important role with various pathophysiological
mechanisms. The increased hyperglycemia-induced permeability of the glomeruli that
is associated with hyperfiltration and microalbuminuria is not debated but the
perception of microalbuminuria being the only marker for diagnosing and excluding
the development of diabetic nephropathy has to be discussed and further investigated,
in order to reduce the number of the young T1D normoalbuminuric patients who will

progress to renal failure.

In our center, the percentage of T1D patients who had microalbuminuria, was 30, 6 %
of the number of patients who were assessed. The mean age of microalbuminuria was
significantly younger for the patients who have presented with ketoacidosis at the
onset of the disease and this association may reflect a genetic or environmental
predisposition regarding the severity of the course of T1D. It has been also supported
that decreased c-peptide levels are associated with microvascular complications in
T1D and T2D 148, Apparently, the pancreatic cells’ disability to secrete C-peptide in
and insulin adequate levels early in the course of T1D, results not only in diabetic
ketoacidosis but is also one of the triggering factors for the initiation of the
pathophysiologic phenomena that lead to the microvascular complications in a
younger age. The mean age of microalbuminuria was independent of the age of
diagnosis or the duration of T1D. We found that the mean value of estimated eGFR
for the patients’ group, was increased at reevaluation, as expected, since the equation
formulas take into account body height, which increases with advancing age in
children and adolescents, but also because of the hyperfiltration in some patients. In
our study, microalbuminuria was correlated negatively with BUN and creatinine and
positively with the increased glomerular filtration rate, reflecting the hyperfiltration and
the possible underlying early lesions of the glomeruli, findings which agree with those
from previous studies 4°. We also found a positive correlation between the BMI z-
score at enrollment and MA at reevaluation, suggesting that increased body mass
index, a known factor of cardiovascular morbidity, associates with microalbuminuria.
This finding agrees with a recently published study which suggested that obesity in
youth with T1D associates with early alterations in renal function, compared to T1D

patients with normal weight 1°0. The positive correlations between microalbuminuria
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and increased LDL values as well as DAP z-score at reevaluation, known markers of
atherosclerosis and endothelial dysfunction, suggest that MA is multifactorial and a
predictive marker of cardiovascular morbidity, findings which agree with previous
studies. Moreover, a positive correlation between MA and the advanced pubertal
stages, also known from previous studies, and the fact that in a number of patients
MA was not persistent, is questioning whether the pubertal hormonal changes play
any synergic role in the hyperfiltration with or without diabetes-induced glomerular

injury.

Uric acid was found to be associated with creatinine and especially, the values
assessed at baseline were found to have a stronger positive correlation with creatinine
at reevaluation, suggesting a possibly predicting role of decreased renal function.
Furthermore, uric acid had a positive correlation with Cystatin C, another renal injury
marker. UA correlated negatively with eGFR. Moreover, uric acid at enrollment had a
stronger negative correlation with CysC-eGFR of reassessment. These findings may
reflect that uric acid is an indicator of renal function decline, even a predictor of future
decline and appears to be more sensitive than creatinine. The association between
age and advanced pubertal stages of pubic hair and testicular volume may reflect a
hormonal, probably androgenic influence. In addition, a positive correlation between
UA values and height, but not height z-score was found. Previous studies had shown
an association between the height and the development of DN 23, with no obvious
explanation. The association found between UA, a byproduct of purine metabolism,

and somatometric parameters, may also be relevant to that finding.

As mentioned above, the mean value of estimated eGFR for the patients’ group, was
increased at reevaluation but a small number of patients had lower eGFR (the number
varies depending on the different eGFR equation formula used) at reevaluation than
at baseline and this finding was associated with a higher serum creatinine, cystatin C
and sNGAL. Indeed sNGAL was found to have strong negative correlations with S-
eGFR, CysC-eGFR and L-eGFR, indicating significant association with renal function

decline.

SNGAL values higher than 70ug/L had a positive correlation with microalbuminuria,
suggesting that increased NGAL values associate with this known marker of
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glomerular injury. Nevertheless, urinary NGAL showed much different results, while it
had no significant correlation with eGFR. It is known that NGAL is filtered in the
glomeruli and it is reabsorbed by the proximal tubuli. UNGAL was found to have a
positive correlation with microalbuminuria, a finding that may reflect a similar
mechanism of indicating a glomerular lesion through increased permeability. It also
had a positive correlation with LDL and total cholesterol implying an association with
cardiovascular morbidity. Another finding similar to MA was the correlation with
advanced pubertal stages. In this case, the question remains whether the pubertal
hormonal changes can influence through hyperfiltration irrespective of structural

lesion.

Our study underpins the value of NGAL as a biomarker of early renal damage in T1D,
since sSNGAL values increased during follow-up, it had a positive correlation with the
duration of T1D, more specifically when eGFR was decreased and this may reflect a
progress of the early renal structural damage occurring with the progress of the
disease. SNGAL value demonstrated a significant negative correlation with the
estimated GFR using three different methods, suggesting that a higher SNGAL value
is associated with a glomerular function decline even if remaining within normal range.
This finding is probably suggestive that SNGAL is associated with the occurrence of
ERFD and early renal structure lesions. The number of the included patients who
presented microalbuminuria was much lower than the number of patients who
presented a decreased eGFR. Moreover, the fact that a percentage of
normoalbuminuric patients, who were found to have renal function decline, presented
higher SNGAL concentrations, while some patients with microalbuminuria had normal
SNGAL concentrations, may imply that these two markers, i.e. microalbuminuria and
SNGAL, may reflect different sites of renal damage during the process of DN

establishment.

It is certainly necessary to identify markers of early tubular damage independently of
albuminuria development in patients with early DN and progression, as it may play a
significant role in the management of the normoalbuminuric renal insufficiency cases

64,151 The significant positive correlation between NGAL, a known marker of structural
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renal lesion, and established renal biochemical indexes such as sCr and CysC
underpin its important role in the early diagnosis of renal dysfunction.

Systolic arterial pressure has been previously demonstrated to be a predictor of DN
63, In our study, because it was specifically focused on a young population, we
estimated the SAP z-score and found a positive correlation with NGAL. The positive
correlation between sNGAL and systolic arterial pressure, even if the latter remains
within normal range, can further reflect an association between sNGAL and the silent
phase of DN. Since past studies had suggested that ambulatory blood pressure
modest rises in T1D patients are associated with the silent phase up to 5 years before
microalbuminuria appears &, the role of sSNGAL becomes more important in
unravelling early renal injury. The association between the early tubular interstitial
damage in normoalbuminuric people with T1D and NGAL is further supported by
recently published studies 8698113, The association between sNGAL and SAP z-score
may also reflect an indirect role of NGAL as an endothelial dysfunction marker.
Undoubtedly, further studies investigating endothelial dysfunction will further delineate
the extent of microvascular damage in DN. According to multiple regression analysis,
NGAL values were not influenced by age, age of T1D onset and puberty, suggesting

independency from the several physiologic mechanisms occurring during puberty.

The diagnostic utility of Cystatin C is well documented in the acute setting 123152, Our
study demonstrated that Cystatin C measured at baseline had a positive correlation
with sCreatinine assessed at reevaluation, and this finding may imply a prognostic role
in renal function decline. In addition, its negative correlation with eGFR, suggests that
higher cystatin C values correlate with a decreased eGFR. These findings may support
the predictive and more sensitive than other markers’ role of Cystatin C in early
Diabetic Nephropathy. Moreover, Cystatin C assessment is undoubtedly useful in the
more accurate GFR determination as seen by the fact that using equation formulas of
estimation of GFR with Cystatin C can detect more cases with renal dysfunction 46,
Its significant positive correlation with UA, which has been demonstrated to be
associated with renal dysfunction 134, hypertension and cardiovascular disease, further
supports the role of CysC as a prognostic cardiometabolic biomarker in diagnosing

early diabetic microvascular complications'?°. Multiple regression analyses found that
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CysC values were not influenced by age, T1D duration and puberty. However, CysC
was found to have higher values in boys in the patients’ group, and this fact may imply
a gender dimorphism of this biomarker. This finding has not been previously reported,
nor has it been replicated in our control group, and it therefore necessitates further

validation through large-scale future studies.

YKL-40, had no statistically significant correlation with neither Creatinine, BUN,
microalbuminuria nor eGFR. It had a positive correlation with total cholesterol values
and SAP, and especially with SAP z-score in pre-hypertensive levels in young females
with T1D, suggesting that these molecules may early unmask microvascular or

endothelial dysfunction before overt cardiovascular events become evident.

Our study demonstrates also the value of sGDF-15 as a biomarker of early renal
damage in T1D, since sGDF-15 had a negative correlation with CysC-eGFR, at
reevaluation, reflecting its possible role in identifying an early renal structural injury,
from either glomerular or tubular origin, with function decline. SGDF-15 values
increased during follow-up, and this may reflect a progress of the early renal structural
damage occurring with progress of the disease. It was also associated with total
cholesterol and LDL suggesting that this marker may early unmask cardio-renal

morbidity.

Uric acid, sNGAL, Cystatin C and GDF-15 had no significant correlation with
Microalbuminuria and the fact that they correlated with decreased and not increased
GFR like MA does, may reflect possibly different kind and sites of glomerulo-tubular

lesions.

This study aimed in assessing the predictive value of other besides microalbuminuria
early markers of renal injury, such as sSNGAL, UA, GDF-15 and CysC, in young T1D
patients by unraveling renal structural damage long before apparent renal dysfunction

OCcCurs.

Diabetic nephropathy has been associated with biomarker changes consistent with
generalized endothelial dysfunction. Markers of endothelial dysfunction and arterial
stiffness have also been associated with MA in diabetic populations 83153, Our study

underpins the possible indirect role of SNGAL, UA, GDF-15 and CysC, in predicting

75



early cardiovascular morbidity. However prior to the clinical application, these

biomarkers must undergo through rigorous validation in multiple cohorts 154,

A limitation of our study was the fact that repeated measurements were obtained only
in the children with T1D after 12-15 months and not in the control group as well.
However, it is considered unethical to perform repeated venipunctures in healthy
children, especially in assessing markers that have been shown not to be related to
pubertal progression and age, while they do not increase without a backstage tissue
injury %6, Moreover, it is known that microalbuminuria does not occur in healthy
children unless renal disease, hypertension, obesity or cardiovascular disease are

present 155,

According to the National Kidney Foundation (NKF) and the Kidney Disease
Outcomes Quality Initiative (KDOQI), a patient is considered to be in chronic kidney
disease (CKD) state if he presents a GFR<60 mL/min per 1.73 m? for three months or
more. Alternatively, any ongoing (at least three months) structural or functional
abnormality of the kidney, regardless of GFR, that can be detected by pathological
abnormalities or specific markers is considered CKD ©8. In addition, early renal function
decline (ERFD), defined as a progressive loss of GFR over time even if it remains
within normal range, is also supported to be associated with DN development. The
significant negative correlations between NGAL, Cystatin C, uric acid, GDF-15 and
GFR decline further support the prognostic role of these biomarkers in unmasking the

structural renal damage before an overt renal impairment becomes evident.

To our knowledge, this is the first study to demonstrate the predictive role of NGAL,
uric acid, GDF-15 and Cystatin C as early markers of DN in children and adolescents

before severe overt nephropathy occurs.

Defining new predictors as supplementary tests to urinary albumin excretion for the
early diagnosis of DN would accelerate the effective management and treatment
approaches which are desperately needed in order to minimize the rates of severe
cardiorenal morbidity and mortality in young T1D patients. Therefore, these data need
to be confirmed by further large-scale longitudinal studies before being integrated in
the DN risk assessment of young patients with T1D.
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Table 12: Different biomarkers may unravel the early lesions of diabetic

nephropathy depending on the kind and site of injury

Increased permeability
Cystatin C

Albumin

UNGAL

Tubulointerstitial injury
NGAL

Cystatin C

Uric acid

GDF-15
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4 List of abbreviations

AGE Advanced Glycation End products
AKI Acute kidney injury

ALP Alkaline phosphatase

BMI Body Mass Index

BUN blood urea nitrogen

Chol Total Cholesterol

CKD Chronic kidney disease

Cr serum creatinine

CTLA4 Cytotoxic T-Lymphocyte Antigen 4

CvD Cardiovascular disease

CysC Cystatin C

CysC- Schwartz et al. recently suggested pediatric eGFR formula for
eGFR immunonephelometric measured CysC
DAP Diastolic Arterial Blood Pressure

DKA Diabetic ketoacidosis

DN Diabetic Nephropathy

DR Diabetic Retinopathy

ERFD Early Renal Function Decline

GADA Glutamic Acid Decarboxylase Antibody
GBM Glomerular basement membrane

GFR Glomerular filtration rate
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NGAL Neutrophil gelatinase-associated lipocalin
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S-eGFR 2009 modified Schwartz bedside GFR formula
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T1D Type 1 Diabetes Mellitus
T2D Type 2 Diabetes Mellitus
TCR T-Cell Receptors

TNF Tumor Necrosis Factor
Trig Triglyceride

UA Serum Uric Acid

UK United Kingdom

USA United States of America
WHO World Health Organization
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5 Abstract

5.1 Abstract

Objective: Diabetic nephropathy constitutes a devastating complication in patients with
type 1 diabetes mellitus (T1D) and its diagnosis is traditionally based on
microalbuminuria. The aim of this prospective cross-sectional follow-up study was to
explore the role of serum and urine neutrophil-gelatinase-associated lipocalin (NGAL)
cystatin C (Cys C), YKL-40, Uric acid (UA) and GDF-15 in unravelling early diabetic

nephropathy even in patients with normoalbuminuria.

Design: Fifty-six euthyroid patients with T1D, with mean age 13.1 (SD: 3.2) years, and
49 healthy controls with mean age 12.8 (SD: 6.6) were recruited. Besides standard
blood chemistry and urinary albumin excretion, serum and Urinary NGAL (ELISA)
cystatin C (nephelometry), YKL-40(ELISA) and GDF-15(ELISA) were measured at
enroliment and after 12-15 months. GFR was calculated with the bedside Schwartz
formula (S-GFR), Cystatin C Schwartz formula (CysC-eGFR) and the Lund strategy
formula (L-eGFR).

Results: At baseline, mean sNGAL levels, uNGAL, sYKL-40, sGDF-15 and UA were
not significantly different between children with diabetes and controls. At re-evaluation,
mean NGAL value and mean eGFR value in patients with diabetes were increased
(p=0.032 and p=0.003 respectively). SNGAL was positively correlated with cystatin C
(r=0.41, p<0.001), systolic blood pressure z -score (r=0.3, p=0.031) and creatinine
(r=0.32, p=0.010). SNGAL and uric acid correlated negatively with S-eGFR (r=-0.26,
p=0.049 and r=-0.26, p=0.049 respectively) and CysC-eGFR (r=-0.31, p=0.019 and
r=-0.27, p=0.041 respectively). SNGAL was negatively correlated with L-eGFR (r=-
0.33, p=0.002) and GDF-15 had a negative correlation with CysC-eGFR (r=-0.27,
p=0.039).

Cystatin C had a negative correlation with S-eGFR (r=-0.29, p=0.025), and a positive
correlation with creatinine (r=0.35, p=0.009). No statistically significant correlation
between NGAL, cystatin C, YKL - 40, GDF- 15 and microalbuminuria was found.
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Conclusions: NGAL, GDF-15, uric acid and cystatin C, known markers of renal injury,
correlate with renal function decline in T1D, suggesting that they may be used as
supplementary tests to urine albumin excretion in order to unmask early renal

dysfunction
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MepiAnyn

210)x0¢. H AlaBnTIKA veppoTtrdBeia atroTeAei pia coapr) €MITTAOKA TOU ZaKXapwon
AiapATn to0mmou 1 (ZA1) kai n didyvwon TG Paciletar TTapadooiakd oTnv
MIKPOAEUKwUATIVOUpia. ZTOXO0G QUTAG TNG MEAETNG TTapakoAouBnong HArav va
dlgpeuvnoel To POANO TNG AITTOKOAIVNG TTou OXETiCeTal PE TR CeAaTivaon Twv
oudeTePOPIAWY (NGAL) Tn ZuoTtartivn C, Tn ximivaon (YKL — 40), To oupikd ogu Kal Tov
augnTikd TTapdyovta dlagopotroinong 15 (GDF-15) otn &idyvwon TG TTPWIKNG

SIaBNTIKAG VEQPPOTTABEIAG, AKOUN KOl 0€ A0BEVEIC HE VOPUOAEUKWUATIVOUpIA.

Aobeveic kai ug@odor: MNevivra £€1 euBupeocIdikoi aoBeveig pe A1, ye pyéoo 6po
nAikiag 13,1(SD : 3.2) €1, ka1 49 vyigic p&pTupeg e HEoo 6po nAikiag 12,8 (SD : 6.6)
¢EAapBav pépog otn HEAETN. EKTOG TOU BacikoU BioxnuUIKOU EAEyXOU TOU QiaTOG Kal TNG
AeUKwaTiVvNG oupwyv, heTpriBnkav NGAL (ELISA), ouotarivn C (vepelopeTpia), YKL -
40(ELISA) kai GDF- 15(ELISA) ot 2 xpbévoug (0 kar petd 12-15 prveg). O puBudg
omeipapatikng dindnong (GFR) utroAoyiotnke pe TN péEBodo bedside Schwartz (S-
eGFR), pe 1O TPOOPATWG TIPOTEIVOPEVO MOBNUATIKO HOVTEAO ekTipnong GFR
TTadlaTpIKwY acBevwy e Baon 1 cuoTtativn C (vepelopeTpia) Schwartz (CysC-

eGFR) kal Tn otpatnyik Lund (L-eGFR).

AmoreAéouara; 210 xpoévo 0°, ta pyéoa emireda sSNGAL, ZuoTtaTivng C, sYKL - 40 ,
SGDF - 15 ka1 oupikou 0&€og de dIEPepav oNUAVTIKA PETAEU TWV TTaIdIWV PE A1 Kal
TWV JAPTUPWV. ZTOV €TTAVEAEYXO, N Eon TIu NGAL kai n péon Tipn eGFR o€ aoBeveig
ME ZA1 augnbnkav onupavtikd (p=0.032 kai p=0.003 avrioTtoixa). H NGAL
ouoxeTioTnke BeTikG pe Tn ouoTtaTivn C (r= 0.41, p<0.001), TO z-score TNG GUOTOAIKNG
apTtnplakAg trieong (r=0,3, p=0.031) kai TNV KpeaTivivn (r=0.32, p=0.010). H NGAL «kai
TO OUPIKO OEU OUOXETIOTNKAV apvNTIKA PE TO S-eGFR (r=-0.26 , p=0.049 kai r=-0.26 ,
p=0.049 avrioToixa) kai 10 CysC-eGFR(r=-0.31, p=0.019 ka1 r=-0.27, p=0.041
avtioToixa). H NGAL cuoxetiotnke apvnTikd pe 1o L-eGFR (r=-0.33, p=0.002). O GDF-
15 eixe apvntik ocuoxétion pe 10 CysC-eGFR (r=-0.27, p=0.039).

H ouoTtarivn C €ixe apvnTiki cuoxETion pe 1o S—eGFR (r=-0.29, p=0.025), ka1 BeTIKN

ME Tnv KpeaTivivn (r=0.35, p=0.009). Aev TapatnPABNKE OTATIOTIKA ONPAVTIKA

95



ouoxEéTion  petagu  Twv  NGAL, ouotativng C, YKL-40, GDF-15 «kai Tng

MIKPOAEUKWHATIVOUPIOG.

Zuurrepaouara. H NGAL, 1o oupikd o&u, n ouoTtativn C kar o GDF — 15, yvwoToi
OceikTEG VEQPIKNG BAGBNG, cuoxeTiCovTal PE EKTTTWON TNG VEPPIKAG AEITOUPYIaG OTO
2A1, KAl TTPOTEIVOVTAI WG CUPTTANPWHMOTIKEG OOKINOOIEG Padi ME TN AsukwpaTivn
oUpwyv, oTnv Eykaipn Oldyvwon Tng dIafNTIKAG VEQPOTTABEIAG TIPIV N VEQPIKA
QuOAEITOUPYIA YIVEI N AVACTPEWIMN.
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6 Study protocol in Greek

NMPQTOKOAAO EPEYNAZ AIAAKTOPIKHZ AIATPIBHZ

Mpwiun avixveuon dlatapayxwyv VEPPIKNG AsiIToupyiag o€ TTaudlaTpikoUug acBeveic Kal

VEAPOUG eVNAIKEG e oakxapwdn diapnTn TutTou 1.

H diaBnTikA veppotdbela, gival n vooog 1 n BAGBN TwV VEQPWYV TTOU EUPAVICETAI WG
EMTTAOKA TOU cakxapwdn diapnTn TUTToU 1 Ko 2. lMpodkeiTal yia TNV KOpIa aiTia
VEQPIKNG avettapkelag oTig HITA. H akpifrig aitia tng d1apnTIKAG vEQPOTTABEIag
TTAPAUEVEI AYVWOTN, OUWG CUOXETICETAI AUECA PE TN KN EAEYXOUEVN UTTEPYAUKAIMIQL.
AcBeveic TTou dev €xouv AAPEl evTaTIKO BEPATTEUTIKO OXNMA ME IVOOUAIVN Kal £€XOUV
TTWXO YAUKQIPIKO  éAeyxo, €xouv 30-40% mmBavdTNTEG avATTTULNG dIARNTIKAG
vEQPOTTaBelag evidg 20etiag atmo tTnv évapén Tng véoou. Ouwg n daBnTikA
veppoTtrddeia O Ba ouuBei oe OAoug Toug aoBeveic pe ZA1. NapdAo TTou ouvOEETAI UE
TNV UTTEPYAUKQIUia, 0 KivOuvOog TNG avdaTtrTugng d1aBnTIKNAG VEQPOTTABEIOC Eival YEVETIKA
TTPOCBIOPICOPEVOG. 2€ OPICPEVEG HEAETEG TTOU £YIVAV OE OIKOYEVEIEG, QAIVETAI N UWNAR
OUPTITWTIKOTNTA TNG dIaBNTIKAG VEPPOTTABEIOG Kal TnG OTrelpapaTiKig BAGRBNG,

avaueoa o adéAIa e 2A1.

H diaBnTikr ve@poTrdBeia cUoXETICeTal PE YyoVIBIAaKOUG TOTTOUG OTTwg TNV HLA TTEpIoXN
TOU XPWHOOWMATOG 6p. 'Eva atmd Ta yovidia TTou cuoxeTiCovtal Pe Tn dlaBnTikA
veppotrddeia eivar To TRPC1(calcium-permeable nonselective transient receptor
potential cation channel, subfamily C, member 1), To omoio atroteAei yovidio TTou
oxetiCetan ue TNV HNF4a(Nuclear receptor hepatic Nuclear factor 4%) 1Tou €ival pia
PUBUIOTIKA TTPWTEIVN PE OUOIOOTIKO POAO O€ PETAROAIKEG DIadIKOOIES, BPIOKETAI OTO
avopwTmvo XpwHOowua 3g22-24, Treploxr) Aueca OXeTICOPEVN ME TN dIapNTIKA
veppoTtrddeia. H xaunAn ékgpaon Tou yovidiou TRPC1 aToug ve@poUusg Twv aTOuWV
ME dIaBNTIKA vEQPPOTTABEIa oUVNYOPEI UTTEP TNG TTAPATTIAVW CUOXETIONG. AAAN PEAETN
£0¢€1e oUOYXETION METOEU TWV TTOAUMOPQIOHWY TOU YyoVvIBiou TNG £puBpoTToInTivnG KAl

NG ayyeloradeiag ap@iBAnoTpocidols Kal veppwy o€ atoua pe ZA1. H €AAeiyn Tou
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VEQPOTTPOOTATEUTIKOU  TTapayovia ENTPD1 (o Ectonucleoside triphosphate
diphosphohydrolase 1 4 CD39 civai n KUpla QyyEIAKr] EKTOVOUKAEOTIOAOTN, TTOU
aTToTEAEl ayyeloKd TTPOCTATEUTIKG TTapdyovTa TnG dIaBNTIKAG VEQPOTTABEIag epOTOV
TPOTTOTIOIEI TN OTTEIPAPATIKY QAEYUOVH AAAG Kal Th pUBUION TRG dnuioupyiag Bpoupou),
ol TToAupop@Iopoi Tou yovidiou ICAM-1(o1 TToAupop@Icuoi Tou yovidiou ICAM-1 1TOU
Bpioketal oTo Xpwudowpa 19p13 1o o110io CUVOEETAI hE TNV ep@avion ZA1, mOavwg
va oxXeTiCovtal e TV ePPavion g d1aBnTIKAG VEQPOTTABEIAG), O TTOAUPOPQIOHOI TOU
yovidiou UNC13B(avtikatdoTtaon oTto Ivipovio 1 Tou yovidiou UNC13B 1Tou @aiveTal
va au&Avel TRV aTTOTITWON OTA OTTEIPAPATIKA KUTTAPA ETTi TTAPOUCIAG UTTEPYAUKAIYIAG),
ol JETOAAGEEIG Tou yovidiou ACE Kal TO OIKOYEVEIOKO IOTOPIKO PTTOPOUV va TTaiouv

onPavTiké poAo aTnv avaTTugn TnG dIaBnTIKAS vEQPOTTABEIAC.

TeAeuTaia @aiveTal TTWG OTA AiTIA TNG dIAPRNTIKAG VEQPOTTABEIaG TTEPIAAPBAvOvTal Kal

TTEPIBAAAOVTIKOI TTAPAYOVTEG, OTTWG TO KATTVIOUA, N QAEYHOVHA KAl TO OEEIDWTIKO OTPEG

O KaBe ve@pO¢ atroTeAEiTal ATTO eKATOVTADEG XINIAOEG vePpwveS. O KABE veQpuwvag
éxel To OIKG Tou OTrEipapa. AuTéG ol douég BonBouv oTtn dINBnon Kal TEAIKA TNV
atroBOAN dxpnOTWV OUCIWY aTro Tov opyavioud. O upnAég TINES YAUKOZNG OTO aiua,
MTTOPOUV va TTpoKaAéoouv BAGRN o€ auTéG TIG BOUES PE TTAXUVON Kal ouAoTToinon. Me
TNV TApodo Tou XPOvou, OAO Kal TTEPICCOTEPA AyYEIa Kal VEPPIKA owAnvdapia

KATAoTPEPOVTAI.

H diaBnTik veppotrdBeia apxIKa €kONAWVETAI HE TIPWTEIVOUPIQ, €VW ME TNV
eyKaTadoTaon TNG vOoou, ETTIBEIVIOVETAI N VEPPIKN AEITOUpPYiIa HE aUgnon TNG Oupiag Kal
TNG KPEQTIViVN OTO aipa. MNapaTtnpeiTal CUCCWPEUOT OTO VEPPIKO ECWKUTTAPIO OTPWHA,
€IdIkd oT10 peodyyelo. H téxuvon TnG ayyelakns BacikiAg MEMPPAvNG Kai Tou
MECAYYEIOU TWV VEPPIKWV owAnvapiwv, Tpodyel Tn  didpopou  Babuou
OTTEIPAPATOOKARPUVON Kal TN VEPPIKN aveTTdpkela. H didxutn oTreipauaTookAnpuvon
gival Mo Koivrp atmd TNV olwdn JdIaTPIXOEIBIK) oTreipauatookAfpuvon (BAGBeG
Kimmelstiel-Wilson). Kai o1 duo TpokaAoUv onpavtikf Aeukwpatoupia. H
AeukwpaToupia ouxvd ocuvOuAleTal PE UTTEPTACH, N OTIOI0 CUOYXETICETAI PE TOV
augnuévo Kivouvo yia Bavaro atrd kapdlayyelakd cupBdapaTta o€ diaBnTIKoUg acBeveig

OKOUA Kal ETTi aTTOUCTOC VEQPIKAG AVETTAPKEING. O TTPOCEKTIKOG EAEYXOG TWV TIMWVY TNG
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YAUKOZNG, JTTOPEI va PEIWOEI TNV UTTEPDINONON Kal T MIKPOOABOUMIVOUPIa OTA apXIKA

oTadIa TG VOOOU.

Katd Tnv Tpo0odo Tn¢ diapnTIKNAG VEQPOTTABEIAg, u@avifeTal TTpwTeivoupia diapdpou
BaBuou, TTou PTTOPEI va TTPOKAAECEI VEQPWOIKG OUVOPOUO, PE UTTOOABOUMIVAIMIQ,
oidnua, au¢non Tng LDL XoAnoTepdAng kKabwg kal TTpoodeuTiky alwbaipia. H
TTPWTEIVOUPIA, TTOU OXETICeTal PE TN dlIaBNTIKA VEQPOTTABEIa, OE MEIWVETAI PE TNV
TPO0O0 TNG VEPPIKAG duoAsitoupyiag. Me Tnv TTPGOdO TNG VEPPIKNG QAVETTAPKEIAG,
UTTApXEl augnon Tou vePpikoU oudou yia Tnv eP@avion yAukoloupiag. ETriong, n
UTTEPTACN KOl aBnpOoOKARPUVON TwV EYKEQOAIKWY KOl OTEQAVIAiwY ayyeiwv

ETTITAXUVETAI.

2Ta TTAdioIa TNG avAykng TTou TTPOKUTITEI VI TV TTPWIYN avixveuon Tng d1aBNTIKAG
VEQPOTTABEIaG, diegayovTal ouveXWS KAIVIKEG PEAETEG. Mia atrd TIG ONUAVTIKOTEPEG
MEAETEG, cival n International Diabetic Nephropathy Study (IDNS) trou 81€€x6n oTo
MovTpeaA, Tn MivvedtroAn kai 1o MNapiol kal oTnv otroia éAaBav pépog 243 TTaidid Kal
veapoi evAAIKEG nAIkiag 10-40 €Twv, VOPUOTACIKOI, UE PUOIOAOYIKO £WG Kal UWNnAS
puBuo6 otreipapaTikng diINBNong GFR kal puBuod atTékkpiong aABoupivng <100 pg/min.
‘Eyive 2 @opég Bioyia ve@poU e HECOBIAOTNUA 5 ETWV KATA TO OTTOIO YIVOTAV TOKTIKN
KAIVIKA ) TTapakoAouBnon. Or1 KUPIEG HOPPOPETPIKEG avwHaAie¢ ATav n augnon Tou
TTAXOUG TNG POOCIKAG OTTEIPAMOTIKAG MEUPPAVNG KAl TOU TUNMATIKOU OYKOU TOUu
MeECAyyEIOU KABWG Kal TOU PECAYYEIOU OTPWHATOG. H ouxvotnTa TWV TTAPATTAVW
avwuaAiwy ATav avaloyn pe Tn didpkeia Tou diaBATN Kal TTapatneridnke oe didoTnua

2-8 €1n a1 TNV £€vapn TnG vooou.

Mapouoleg PEAETEG PE MIKPOTEPO apIBUG acBevwv diEEXOnoav Kal o€ GAAA KEVTPA TNG
Eupwtng kal TnG AMEPIKAG PE TTAPOPOIA ATTOTEAECHATA OO0V aAQOPA TIG VEPPIKES
aAloiwoeig Aiya xpovia META Tnv évapén Tou ZA, o€ aoBeveic TTOU TTAPAPEVOUV

VOPUOAABOUNIVOUPIKOI.

Eival anpavTikr} AoIttév n avelpeon VEWV QVAINOKTWY HEBGdWY TTPWINNG avixveuong
VEQPIKNG PBAAGBNG ME OKOTTO TNV  €yKAlpn AVTIMETWTTION KAl TOavwg  Thv
QVOOTPEWINOTNTA aAUTG. Oa yivel €701, TTIO €QIKT) N TTPOCEYYION UTTOOXOMEVWV

BePATTEUTIKWYV PEBODWY OTTWG QaiveTal atrd PEAETES. Ma TTapddelyua, Epeuva dEix Vel
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TTwg duvaral va TTPoAn@Oei N KAIVIKN d1aBNTIKN VEQPOTTABEIa e xopriynon Beiapivng
kal Benfotiamine. Méxpl orjuepa €xouv JEAETNOEI KATTOIOI EPYACTNPIAKOI OEIKTEG OTTWG
TO TTPWTEWMA TWV OUPWV Kal To smad1 Twv oUpwVv aAAd Kail KAIVIKOi OTTWG N EN@Avion
mrepiodovTimidag. OAol auToi o1 BEiKTES PaiVETAI VO OUVNYOPOUV UE APXOUEVN VEPPIKNA

duoAsiToupyia.

H €peuva pag Ba eTikevTpwOEi oTn HEAETN vedTEPWY BEIKTWYV. O1 EIKTES AUTOI, €ival ol
€€NG: n Neutrophil gelatinase-B associated lipocalin (NGAL)/Lipocalin-2, o YKL-40, o
GDF 15. Att6 autoug, n NGAL Ba avixveubei T600 0TOV 0pO TOU QiaTog, 60O KAl OTA

oupa.

O1 Trapatravw d¢eikTeg TTANV Tou YKL40, £xouv eAETNBEI ueTAEU GAAWY, PEXPI OANEPT
oTnNV Oo&gia VEQPPIKH QVETTAPKEIO KOl TTI0O CUYKEKPIYEVA OTNV TTPWIPN avixveuon tng
o&eiag vepikns BAABNG(AKI/ acute kidney injury). H ouoTartivn C, atroTteAei TTAéov Evav
TTOAU KOAG OEIKTN TNG VEPPIKNG AEITOUPYIOG TTOU OTTO PEAETEG DEIXVEI VA UTTEPTEPEI TNG
KpeaTivivng. ETTiong gival évag atmrd Toug TTapayovTeS KIVOUVOU Yia KapdlayyEIaKr) vOOO
ME augnuévn BvnoiudtnTa o€ dIaBNTIKOUG acBeveig, akopa Kal oTav dev gival EkdNAN n

VEQPIKN BAGBN.

O1 NiITToKOAiVEG €TTIONG £XOUV CUOCXETIOTEI 0AQWG PE TO PETARBOAIKO OUVOPOUO TWV
evnAikwy, evw OgV gival akOua EeKABapn N oUOXETION TOUG UE TO HETARBOAIKO OUVOPOO

TWV TTAIOIWV.

O YKL-40, o omoiog cival évag @Aeypovwdng OeikTng Kal O€ikTnG €vooBnAIaKng

duoAsiToupyiag, @aiveTal va audveTal o€ dIAaRNTIKOUG acBeveig pe aABoupivoupia.

O d¢iktng GDF-15 (Plasma growth differentiation factor-15), o otroiog €xe1 ouvdeBei ue
TN QAEYPOVA KAl TNV ATTOTITWON, QAIVETAI TTWG EKPPALETAI OTNV KApdId wg aTTdvTnon
o€ I0XaIdia Kal o€ aBNPWMOTIKEG TTAAKEG. [poo@aTn HEAETN £DEICE TTWG UWNAA ETTITTEDQ
Tou GDF-15 atoteAdolv TTpoyvwoTiKG Oeiktn  Kapdiayyelokng BOvntétnTag Kai
voonpoTnTag o€ acBeveic ye diapnTikn veppotrabela. Etriong, Ta uwnAd etritreda Tou
TTOPAYOVTA QUTOU CUVOEOVTAI JE TOXEIA TITWON TOU puBUOU oTTEIpapaTikig dinénong

Kal ETTIOLIVWON TNG VEPPIKAG AEITOUPYIaG.

100



2KOTTOG TNG MEAETNG

Na peAeTNOOUV TTPOSPOUIKA OI TTPWIHOI OEIKTES VEPPIKNAG DUCAEITOUPYIag o€ TTaIdId Kal

epnpoug pe ZA1.

AocBeveig kal péfodol

1) O aoBeveig TTou Ba peAeTnBoUY, eival TTaIdId TTOU TTACXOUV aTTd CaKXapwon
dlaBnATn TUTTOU 1 KaI TTapakoAouBouvtal armd 10 AlapnToAoyiké Kévipo Tng
Movadag EvdokpivoAoyiag, MetaBoAiopou kai AiaBAtn tng A Taudiarpikng
KAIvikig Tou MavemmoTtnuiou ABnvwy oto Noookopeio Maidwv «Ay. Zogia» Kai
veapoi evAANIKEG TTAoXOVTEG ammd  oakyxapwdn OlapATn TUTTOU 1 TTOU
TTapakoAouBouvTtal otn B' MpotrauideuTikr) MaboAoyikr) KAvikr), Movada ‘Epeuvag
kal AlaBntoAoyikd Kévrpo Mav/piou ABnvwyv Tou NoooKopEiou «ATTIKOY.

2)  O1 d¢ikTeG Ba HEAETNBOUV PE TTPOOTITIKA MEAETN Kal e PEBODO cross sectional o€
60 £wg¢ 70 aoBeveig TTOU TTAOXOUV ATTO cakxapwdn diaprTn TutTou 1. O1 aoBeveig
Ba eival TTaidid, €pnpor Kai veapoi eviAikeg nAikiag éwg 30 eTwv. ETriong, Ba
utTdpxel opada 20 éwg 40 €BeAOVTWV UYIWV OTOPWY AVTIOTOIXWY NAIKIGKWV
opdGdwyv, OTOUug oTToioug Ba yivel pia @opd n péTpnon Twv OeikTwy. H
EpyaoTnpIiokA TTapakoAouBnon Ba yivetal avd 6-12 priveg TTapdAAnNAa pe:

e AcgikTn YAUKQIPIKAG puBuiong HbAlc
e Oupia, kpeaTivivn, oupikd 0&U Kal pUBPOG OTTEIPAPATIKAG dIRONoNG
e 2UAAoyn oUpwv 24WpP0ouU PE PETPNON MIKPOOABOUMIVNG
e  KAIVIKN €€€TOON Kal HETPNON APTNPICAKNG TTiEONG
Znupacia TG MEAETNG

H PeEAETN ETTIKEVTPWVETAI OTNV TIPWIKUN aviXxveuon Tng VEQPIKAS BAABNG TTou

TTPOKOAEITAI ATTO TN MIKPOAYYEIOTIABEIQ, n oTroia €ival pia atmmd TIG OUXVOTEPEG

EMTTAOKEG TOU cakxapwdn SiaBATN ot TTaIdId Kal €VAAIKEG. ZTOXOG TNG EVWPIG

dldyvwong eival n €ykaipn Bepatreia kal n BeATiwon TnG TOIOTNTAG TNG (WNAG TWV

O10BNTIKWYV TTaIdBIWY Kal EVNAIKwV
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ZYMOQNHTIKO EOEAONTIKHZ ZYMMETOXHZ

A’ TAIAIATPIKH KAINIKH MANEMIZTHMIOY AOHNQN

KAOHIHTHZ- AIEYOYNTHZ: I'. XPOYZOz

MONAAA ENAOKPINOAOIIAZ METABOAIZMOY KAI AIABHTH

ZYMOPONHTIKO EOEAONTIKHZ 2YMMETOXHZ

O/H , KNOEUOVOG TOU ..ooviiiiiiiiiiiiies e, ,
OnAwvw TN OUYKATABECH POU YIa TN CUMMETOXH TOU TTaIBIOU POU OTn MEAETN yIa TV
Mpwipn avixveuon diatapaxwv VEPPIKAG AEITOUpPYiag o€ TTaIdIATPIKOUG Kal VEAPOUG
aoBeveic ye oakxapwdn diapnTn TutTou 1 o€ TTAIdIA KAl VEAPOUG €VAAIKEG. To TTaudi
Mou TTapakoAouBeital yia To oakxapwdn diaATn TUTToUu 1 atrd 10 OTT0I0 TTACXEI, OTO
eCwtepikd 1atpeio TNG povadag Evdokpivoloyiag-AiaBrtn-MetaBoAiopyol otnv A’

Maidiatpik KAvikn MavemmoTtnuiou ABnvwy oto Noookopegio Maidwv «Ay. Zogiay.

To maidi pyou ota TAdiola TNG KAIVIKAG €KTiunong Ba egetaoTei ammd TO 1ATPIKO

TTPOOWTTIKO Kal 8a 0600V o1 aTTapaiTnTEG EPYACTNPIAKES ECETATEIG.

To 1Taidi pou ota TTAdiola TNG KAIVIKNAG HEAETNG Ba uTTOBANBEI o€ EpyacTnPIAKO EAEYXO

aAAG kal KAIVIKA €¢€Taon ava 3 urveg.

Etriong, karavow o711 To TTaIdi pou dev Ba emPBapuvBei pe emTTAéovV aiyoAnyia, dev
UTTapXel Kavévag Kivduvog yia Tnv uyeia Tou, kal dev Ba emBapuvel OIKOVOUIKA N
avwTéEPW MEAETN ouTe TO TTaIdi Jou ouTe To Noookouegio Maidwv «Ay. Zogiax. ‘Exw
evnuePWOEi OTI N ouppeTOoXA TOU TTAIBIOU POU OTN MEAETN €ival aTTOAUTA OIKEIOBEARG Kal
dlaTnpw 10 dIKAIWKA va Tn SIOKOWEl XWPIG Kapia ETTITTTWON 0TV XOPHynon IATPIKNAG

@POVTIOOG TTOU TOU TTPOCPEPETA.

O cuvaiviy kndepdvag O evnueOWOoaC 1aTOOC
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7 Approval of the study from the Ethics’ committee

IF'ENIKO NOXOKOMEIO ITAIAQN « H A1'IA XO®DIA »

ENMNIETHMONIKO YYMBOYAIO
MPOX k. NEKTAPIA MAMAAOINOYAOY

ABnva, 30 Touviou 2010

AMOZMAIMA NPAKTIKOY ZYNEAPIAZEQZ 10-05-10

NMAPONTEZ :

K.MPOYNTZOY-KAXXIOY [IPOEAPOX EMIZXTHMONIKOY ZXYMBOYAIOY, A/vrpia
A’ Maidiarpikol THRHATOG

n. MAMMH ANTIMNPOEAPOZ ENIXTHMONIKOY ZXYMBOYAIOY, A/vrpia
Avaio6no10A0YIKOU THHATOG

r. KAAABPOYZIQTHE MEAOZ, A/ving A Kapdioxsipoupyikol TUIHaTog

M. KAPPA MEAOX, EmpeAfirpia B’ AKTIVOSIGYVWOTIKOU TURHATOG

I. AYTEPINOY MEAOZ, Eidikeuopevn IaTpog Ailpatoloyiag

1. NANAZQTHPIOY MEAOZ, A/vTiG Bioxnpikou Epyaornpiou

A. ITATTZIAOY MEAOZ, TE NOOTIAEUTPIOV

OEMA : 'Eykpion msﬁuvmvnq EPEUVNTIKNG PEAETNG PE TITAO «npmlpn aviveuoT)
diarapay®v veq)plan AziToupyiag Of NaISIATPIKOUG KAl VEAPOUG GOBEVEIG pe
cakyap®dn SiaBnTn TONou 1».

EmioTnuovika YnetBuvog : k. XP. KANAKA Enikoupog Ka®nynrpia MNMaidiarpikng
Evdoxpivoloyiag A’ NMaidiarpikig KAvikig Mavemornpiou AGnvov.

ZIXET.: Ap.npwTt. 897/18-01-10

To Emcrrnpovmo SupBolMio katd Tnv Teheutaia cuvedpiaon Tou €AaBe unoqm TOU TNV
avwTEpw aitnon g EmKoupou KaBnynrpiag k. Xp. KavaKa, nou agopa aoTnv eprlcn
BIEEayWYIG EPEUVATIKIG HEAETNG e TiTAo  «[poiun  avixveuon Brampoxmv VEQPIKNG
AeiToupyiag o& NaIdIATPIKOUG Kai VEGPOUG GUBEVEIG HE OaKXGPWIN 6KJBI’]TF] TONou 1».

‘YoTepa ario us)\sTn Kal QvaAuTIKn oulnThon, dIamicTOBNKE OTi N ovaapu) £PEUVNTIKN
WEAETT, 1N onoia eKroveiTal oTa nAaicia BIBAKTOPIKAG dIATPIBNG TNG UMNOWIPIGG S5idGAKTOPOG
Kag Nz—:KToploq NanadonoUAou, NANPoi OAEG TiG npolnobéoelg yia T Siegaywyr) TNG. ‘Onwg
avagepel n smBAénouca TG HEAETNG EmKoupoq KaBnyr]Tpla K. Xp. Kavaka , To Noookopgio
Kai n omoysvsla B¢ Ba emiBapuvBolv 0IKOVOUIKa anod Tn PEAETN kal OTi O Ba unapyel kivduvog
yia Tnv UY&IG TV Naidiov.

Katonmy TouTwy, opdewva To Emornuovikod ZupBoUlio gionyeiTal TRV £ykpion dieEaywyng TG
avTEPW HEAETNG .

H NPOEAPOZX
TOY EMNIZTHMONIKOY ZYMBOYAIOY

;;///..f/”/

Q?f |/
MPOYNTZ —KAZZIOY KYPIAKH
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“Translation in English”

SCIENTIFIC COUNCIL

TO MRS. NEKTARIA PAPADOPOULOU

Athens, 30 June 2010

MEETING ABSTRACTS 10-05-10

Present at the meeting:

K. Prountzou-Kassiou President of the Scientific Council, Director Of The 15t Pediatric

Department

P. Mammi, Deputy Director of the Anesthesia Department

P. Kalavrouziotis, Director of the Cardiosurgery Department

P. Karra Member, Md 15t Radiodiagnostic Department

G. Avgerinou, Member Resident Doctor, Hematology Department
|. Papasotiriou, Member Director of the Biochemistry Department

A. Giatzidou, Member

SUBJECT: Approval of holding of the research study entitled ” early markers of
diabetic nephropathy in children and young adults with type 1 Diabetes Mellitus”

Scientific coordinator: Mrs. Christina Kanaka, Associate Professor For Pediatric
Endocrinology, Juvenile Diabetes And Metabolism, Medical School, Division Of
Endocrinology, Metabolism And Diabetes, First Department Of Pediatrics, University
Of Athens, "Aghia Sophia” Children’s Hospital University Of Athens
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Ref. No: 897/ 18-01-10

The scientific council at its last meeting, took note of the above application by
Associate Professor Christina Kanaka, that in approving holding of the research
study entitled © Early markers of diabetic nephropathy in children and young adults
with type 1 Diabetes Mellitus”. After research and detailed discussion, we concluded
that the above study, which was prepared within the PhD thesis for the resident doctor-
PhD Student Nektaria Papadopoulou, meets all the requirements to conduct. As
mentioned by the Scientific Coordinator, Associate Professor Christina Kanaka, the
hospital and the family will not bear the financial burden of the study and that there will

be no health risk for the children.

That said, the scientific council unanimously recommended the approval to

conduct this study.

THE PRESIDENT OF THE SCIENTIFIC COUNCIL

Signature

PROUNTZOU-KASSIOU KIRIAKI
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8 Publication in English

Papadopoulou-Marketou N, Skevaki C, Kosteria |, Peppa M, Chrousos GP,

Papassotiriou |, Kanaka-Gantenbein C: “NGAL and Cystatin C: two possible early
markers of diabetic nephropathy in young patients with type 1 diabetes mellitus: one
year follow-up” Hormones 2014 Nov 5; DOI: 10/14310 horm.2002.1520
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HORMONES

Research paper

NGAL and cystatin C: two possible early markers
of diabetic nephropathy in young patients with type 1
diabetes mellitus: one year follow up

Nektraria Papadopoulou-Marketou,!? Chrysanthi Skevaki,® loanna Kosteria,'
Melpomeni Peppa,* George P. Chrousos,!® loannis Papassotiriou,®
Christina Kanaka-Gantenbein!

'Diabetes Centre of the Division of Endocrinology, Diabetes and Metabolism of the First Depariment of Pediatrics
University of Athens, Aghia Sophia Children’s Hospital, Athens, Greece; 2Section of Endocrinology, Deparimeni
of Medical and Health Sciences, Linkoping University, Linképing, Sweden; *Department of Clinical Biochemisiry,
Aghia Sophia Children’s Hospital: *Division of Endocrinology, “Attikon” Hospital; Athens, Greece; *King Abdulaziz
University, Jeddah, S. Arabia

ABSTRACT

OBJECTIVE: Diabetic nephropathy constitutes a major long-term complication in patients
with type 1 diabetes mellitus (T1D) and its diagnosis is based on microalbuminuria. The aim
of this observational follow-up study was to explore the role of neutrophil-gelatinase-associated
lipocalin (NGAL) and cystatin C in unravelling early diabetic nephropathy even in patients
with normoalbuminuria. DESIGN: Fifty-six euthyroid patients with T1D, with mean age 13.1
(SD: 3.2) vears, and 49 healthy controls with mean age 12.8 (SD: 6.6) were recruited. Besides
standard blood chemistry and urinary albumin excretion, serum NGAL (ELISA) and cystatin C
(nephelometry) were measured at enrollment and after 12-15 months. GFR was calculated with
the bedside Schwartz formula (eGFR) and the Lund strategy formula (L-eGFR). RESULTS:
At baseline, mean NGAL levels were not significantly different between children with diabetes
and controls. At re-evaluation, mean NGAL value and mean eGFR value in patients with dia-
betes were increased (p=0.032 and p=0.003 respectively). At both baseline and reevaluation,
NGAL was positively correlated with cystatin C(r=0.41, p<0.001), systolic arterial pressure
z-score(r=0.3, p=0.031) and creatinine(r=0.32, p=0.010). NGAL correlated negatively with
eGFR(r=-0.26, p=0.049) and L-eGFR(r=-0.33, p=0.010). Cystatin C had a negative correlation
to eGFR(r=-0.29, p=0.025) and a positive one with creatinine(r=0.35, p=0.009) at reevaluation.
No statistically significant correlation was found between cystatin C and microalbuminuria
(p=0.736). CONCLUSIONS: NGAL and cystatin C, known markers of renal injury, correlate
with renal function decline in T1D, suggesting that they may be used as supplementary tests
to urine albumin excretion in order to unmask early renal dysfunction.

Key words: Cystatin C, diabetes-induced nephropathy, NGAL, type 1 diabetes, youth
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N. PAPADOPOULOU-MARKETOU ET AL

Informed consent was obtained from the parents of
all participants prior to their inclusion in the study.

The study was approved by the Ethics Commit-
tee of the Aghia Sophia Children’s Hospital and has
therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration
of Helsinki and its later amendments.

Inclusion criteria for all participants were euthy-
roidism for at least 6 months prior to study enrollment
as well as during follow-up. The exclusion criteria
were the presence of active urinary tract infection,
glucocorticoid medication, pregnancy, renal disease
and any chronic disease other than T1D.

After 12-hour fasting, a morning blood sample was
obtained for blood urea nitrogen, creatinine (sCr),
uric acid (UA) and Glycated hemoglobin (HbAlc)
determination. Blood was collected in special vials
to be used for measurement of the specific markers
NGAL and CysC. Part of the blood was centrifuged
for separation of serum and stored at -80°C, until
final assessments. Urinary albumin excretion was
determined from a 24-hour urine collection (micro-
albuminuria was defined with values between 30-
300 mg/24 hours, measured on at least two of three
measurements over a two- to three-month period)
and was measured by nephelometry.

CysC concentration was measured by an immu-
no-nephelometric technique using the BN Prospec
nephelometer (Dade Behring, Siemens Healthcare
Diagnostics, Liederbach, Germany). The nephelo-
metric method is more sensitive and performs op-
timally in dilute solution, making it preferable for
small sample volumes encountered in the pediatric
population. With a range of 0.23-7.25 mg/L, this assay
is currently the most precise automated assay across
the clinical concentration range. The inter-assay co-
efficient of variation (CV) for the assay was 5.05%
and 4.87% at mean concentrations of 0.97 and 1.90
mg/L, respectively.

The GFR was calculated according to the eGFR*
and L-eGFR* equation methods mentioned above.

Serum NGAL levels were measured using a conl-
mercially available ELISA (Bioporto, Gentofte,
Denmark). The intra- and inter-assay coefficients of
variation (CVs) were 5.6% and 6.4%, respectively.
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The values of systolic and diastolic arterial blood
pressure (SAP and DAP respectively), body mass
index (BMI) and the height are expressed in z-scores.

Statistical analysis

Statistical analyses were performed using Med-
Calc for Windows, version 12.5 (MedCalc Software,
Ostend, Belgium). Correlation analysis is used to
determine whether the values of two variables are
associated using Pearson parametric correlation
(Pearson’s correlation coefficient r with P-value).
Student t-test was performed as appropriate (paired
samples t-test were used to test the null hypothesis
that the average of the differences between a series
of paired observations is zero when performed on the
same subjects or independent samples t-test when
performed between controls” and patients’ group).
Multiple regression analysis was a method used to
examine the relationship between one dependent
variable and one or more independent variables.
The significance was defined at p-value <0.05, rho
and 95% confidence interval (CI) for the correlation
coefficient.

RESULTS

Paired samples t-test of repeated measurements
revealed that mean eGFR value in T1D patients was
increased at re-evaluation (mean eGFR at baseline=
90.72 with SD= 19.8, mean eGFR at reevaluation=
97.5with SD= 17.5, n=>56, p=0.003). The same analy-
sis showed an increase of the L-eGFR at reevaluation,
but this result was not statistically significant (mean
value at baseline=120.7, mean value at reevalua-
tion= 122.7, n=56). Regarding eGFR, 13 patients
were found to have a decreased value at reevaluation,
while for L-eGFR, 23 patients had a decreased value
at reevaluation. Mean value of NGAL at baseline
was not significantly different between T1D patients
and controls (mean: 59.5 for T1D patients, mean for
controls: 62.6, p=0.393), but NGAL mean value of
T1D patients at reevaluation (mean: 67.6) was statisti-
cally significantly higher than the mean value of the
controls’ group (p<0.001) according to Student t-test
statistical analysis for independent samples. Paired
samples t-test of repeated measurements revealed
that mean NGAL value in T1D patients was increased
at re-evaluation (p=0.032) (Figure 1). At baseline,
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formula has been widely adopted because it has been
strongly correlated to iGFR 3 Moreover, formulas
that assess both creatinine and cystatin C, like the
Lund strategy (L-eGFR),* are considered to provide
more accurate and reliable estimation of the GFR.

The aim of this study was to determine the possible
predicting roles of serum NGAL and serum CysC, as
supplementary tests to the urinary albumin excretion,
inunmasking an early renal structural injury and renal
function decline in asymptomatic, normoalbuminuric
young T1D patients.

RESEARCH DESIGN AND METHODS

This is an observational cross-sectional long-term
follow-up study. During a 12-15 months” follow-up
period, a patient-group that completed both baseline
and reevaluation at 12-15 months was evaluated. The
patient group consisted of 56 T1D patients, with
mean age 13.1 vears (SD: 3.20) and mean diabetes
duration 4.59 years (SD: 3.49) at enrollment, who
were prospectively followed for at least 2 years at the
Diabetes Centre of the First Department of Pediatrics
of the University of Athens, Aghia Sophia Children’s
Hospital, Greece. The follow-up is scheduled to

continue and reevaluation of the biomarkers will
take place at a third point of time, three years after
the baseline assessment.

The diagnosis of T1D was based in all participants
of the patients’ group on the presence of the high
titer of at least one and mostly two of the known
autoantibodies related to type 1 diabetes mellitus.
Specifically, the percentage (%) of positivity for
each autoantibody tested was: for Glutamic Acid
Decarboxylase Autoantibodies (GADA) (72%),
Insulinoma-Associated-2 Autoantibodies (IA2) (71%),
Insulin Autoantibodies (IAA) (45%) and Islet Cell
Cytoplasmic Autoantibodies (ICA) (35%). Ten of the
patients presented with microalbuminuria at inclu-
sion in the study, while five of them had persistent
microalbuminuria at reevaluation and five patients
were restored to normoalbuminuria. Three patients
presented with newly diagnosed microalbuminuria
at reevaluation. In total, eight patients were found
to have microalbuminuria at reassessment.

Forty-nine healthy children with mean age 12.8
(SD: 6,6) who were referred to the Division of En-
docrinology for growth evaluation but were found to
be within the normal reference charts and willing to
participate in the study, served as controls (Table 1).

Table 1. Demographic characteristics of TLD patients at baseline and conrols

I o
— ¢
Gender Bays 57.1% |n=132)
Girls 42.9% [n= 24}
S

0.04-0.62

16-55

Microalbuminuria
[daily sedretion of arinary albumin

230mg but <300mE)

na: not applicable.

16.5% presented microalbuminuria (10/56)

Contrals Pvalue
49
Boys 42.8% (n=21} 031
Girls 57.2% (n=28)
50O Mean Exal S0
12 124 10.8-147 (1 o
14 na
(1] 032 0.0 - 0.61 o8 0.68

mmol{mal] mmaly mol)

14 na

B3 % (6B 788 - #RS% (63- 73 17 470 % (28 44-49% (2530 04 «0.001
mmal/mol) mmalfmol)
R

0 % presented microalbominuria (0/48)
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80 120
NGAL (microg/L)

160

Figure 1. Comparison of NGAL plasma lenels at baseline and
at re-evaluation after one vear (p=0.032). Boxes represent the
interquartile range; lines inside boxes represent the median
value; cross represents mean marker; whiskers represent the
lowest and highest obserbvation, respectively.

regarding the T1D patients’ group, NGAL had no
significant correlation either with eGFR (p=0.067)
or with CysC (p=0.179), but it was negatively cor-
related with L-eGFR (r=-0.35, p=0.007, n=56). At
re-evaluation, NGAL was positively correlated to
CysC (r=0.41, p=0.0014, n=56) (Figure 2), SAP z-
score (r=0.29, p=0.031, n=56) (Figure 3) and sCr
(r=0.32, p=0.010 n=56). Moreover, at re-evaluation,
NGAL had a negative correlation with both eGFR
(r=-0.26, p=0.049, n=56) and L-eGFR (r=-0.33,
p=0.002, n=56) (Figure 4). No statistically significant
correlation was found between NGAL and micro-
albuminuria; however, regression analysis revealed
that NGAL values higher than 70 pg/L at both time
points of assessment had a positive correlation with
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Figure 2. NGAL had a positive correlation to Cystatin C in pa-
tients with T1D at re-evaluation (r=0.41, p=0.001, n=>56).
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Figure 3. NGAL had a positive correlation to systolic arterial

pressure (SAP) z-score patients with tvpe 1 diabetes mellitus at
re-evaluation (r=0.3, p=0.03, n=56).
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Figure 3. NGAL had a negative correlation to eGFR estimated
with the Lund strategy formula in patients with tvpe 1 diabetes
mellitus at re-evaluation (r=0.28, p=0.04, n=>56).

the presence of microalbuminuria (r=0.29, p= 0.038).

NGAL value, both at baseline and at re-evaluation,
did not significantly correlate either with HbAlc or
with BMI z-score, age or diastolic arterial pressure
z-score. Furthermore, a multiple regression analysis
was performed between NGAL at both time points of
evaluation and age, age of T1D onset, BMI z-score,
pubertal stages, sex and height z-score, but no stafisti-
cally significant associations were revealed. However,
higher NGAL values correlated positively with T1D
duration (p=0.049).
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Paired sample t-test of repeated measurements
revealed that CysC mean value in T1D patients did
not significantly differ between the two time points
of assessment (p=0.61). No significant difference was
observed between controls” and T1D CysC measure-
ments (p=0.21). At reevaluation, CvsC had a negative
correlation to eGFR (r=-0.29, p= 0.025, n=>56) and
a positive one with sCr (r=0.35, p=0.009, n=56). At
re-evaluation, UA in T1D was positively correlated
with CvsC (r=0.41, p=0.016, n=>56). No statistically
significant correlation was found between CysC and
microalbuminuria (p=0.75), HbAlc (p=0.24), BMI
z-score (p=0.38), age (p=0.79), SAP z-score (p=0.38),
DAP z-score (p=0.46) and T1D duration (p=0.44). A
multiple regression analysis was performed between
CysC at both time points of evaluation and age, age
of T1D onset, T1D duration, pubertal stages, BMI
z-score, sex and height z-score and a statistically
significant positive correlation between CysC and
male sex in the patients’ group (r=0.47, p<0.001)
was revealed. No statistically significant correlation
was found between the male sex and cystatin C in
the controls’ group. A multiple regression analysis
was performed between sCreatinine at both time
points of evaluation and age aswell as T1D duration
and a statistically significant positive correlation be-
tween age of assessment and sCr was found (r=0.50,
p=0.0014), but no significant association with T1D
duration was demonstrated (p=0.372). A multiple
regression analysis was performed between eGFR,
L-eGFR and age as well as T1D duration, but no
statistically significant association was found.

No participant from the control group presented
microalbuminuria.

During follow-up all participants had eGFR greater
than 60 ml/min.

DISCUSSION

Microalbuminuria has generally been considered
as the earliest marker of diabetic nephropathy de-
velopment and is often associated with established
significant glomerular damage. However, recent
studies showed that MA does not necessarily reflect
permanent renal impairment. In addition, several lines
of evidence suggest that early structural damage in
both glomerular and tubular structures may be present
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in normoalbuminuric subjects. Indeed, cohort studies
including prepubertal children with average diabetes
duration of 5-8 years revealed GBM thickening and
mesangial expansion,” while it also disclosed that
longstanding normoalbuminuric T1D patients may
have significant glomerulopathy lesions®*!* The
pathophysiologic changes in DN therefore include
renal function decline associated with cellular and
extracellular derangements in both the glomerular
and tubulo-interstitial compartments.*®

The first results of this long-term observational
study aimed in assessing the predictive value of early
markers of renal injury, such as NGAL and CysC, in
voung T1D patients by unraveling renal structural
damage long before renal dysfunction occurs.

We found that the mean value of estimated GFR
for the patients’ group was increased at reevaluation,
as expected, since the equation formulas take into
account body height, which increases with advancing
age in children and adolescents. The cases where
eGFR was lower at reevaluation than at baseline
were related to a higher serum creatinine or cystatin
C. NGAL correlated negatively with eGFR and L-
eGFR, indicating an association with renal function
decline. NGAL was positively correlated with CysC,
SAP z-score, Cr and T1D duration. NGAL values
higher than 70ug/L were associated with the presence
of microalbuminuria. Qur study underpins the value of
NGAL as a biomarker of early renal damage in T1D,
since NGAL values increased during follow-up more
specifically when eGFR was decreased and this may
reflect a progress of the early renal structural dam-
age occurring with advancing T1D duration. NGAL
value demonstrated a significant negative correlation
with the estimated GFR using two different methods,
suggesting that a higher NGAL value is associated
with a glomerular function decline even if remain-
ing within normal values, this probably suggestive of
the occurrence of early lesions. The number of the
included patients who presented microalbuminuria
was much lower than the number of patients who
presented a decreased eGFR. Moreover, the fact
that a percentage of normoalbuminuric patients,
who were found to have renal function decline, pre-
sented higher NGAL concentrations, while some
patients with microalbuminuria had normal NGAL
concentrations, may imply that these two markers,
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i.e. microalbuminuria and NGAL, may reflect dif-
ferent sites of renal damage during the process of
DN establishment.

It is certainlv necessary to identifv markers of
early tubular damage independently of albuminuria
development in patients with early DN and progres-
sion, as it may play a significant role in the manage-
ment of the normoalbuminuric renal insufficiency
cases.’*?” The significant positive correlation between
NGAL, a known marker of structural renal lesion,
and established renal biochemical indexes such as
sCrand CysC underpin its important role in the early
diagnosis of renal dysfunction.

SAP has been previously demonstrated to be a
predictor of DN.* In our study, because it was specifi-
cally focused on a young population, we estimated
the SAP z-score and found a positive correlation with
NGAL. This fact, independently of DN, may reflect an
indirect role of NGAL as an endothelial dysfunction
marker. Undoubtedly, further studies investigating
endothelial dysfunction will further delineate the
extent of microvascular damage in DN. According
to multiple regression analysis, NGAL values were
not influenced by age, age of T1D onset and puberty,
suggesting independency from the several physiologic
mechanisms occurring during puberty.

A limitation of our study was the fact that repeated
measurements were obtained only in the children with
T1D after 12-15 months and not in the control group
as well. However, it is considered unethical to perform
repeated venipunctures in healthy children, especially
in assessing markers that have been shown not to be
related to pubertal progression and age, while they
do not increase without a backstage tissue injury.”
Moreover, it is known that microalbuminuria does
not occur in healthy children unless renal disease,
hypertension, obesity or cardiovascular disease are
present.*®

The diagnostic utility of CysC is well documented
in the acute setting.”** Qur study demonstrated that
CysC had a positive correlation with sCr and a nega-
tive correlation with eGFR, suggesting that higher
cystatin C values correlate with a decreased eGFR.
These findings may support the predictive role of
CysC in early DN. Moreover, cystatin C assessment
is undoubtedly useful in the more accurate GFR
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determination.®® Its significant positive correlation
with UA, which has been demonstrated to be as-
sociated with renal dysfunction,”® hypertension and
cardiovascular disease, further supports the role of
CysC as a prognostic cardiometabolic biomarker in
diagnosing early diabetic microvascular complica-
tions.* Multiple regression analyses found that CysC
values were not influenced by age, duration of TID
and puberty. However, CysC was found to have higher
values in boys in the patients’ group, and this fact may
imply a gender dimorphism of this biomarker. This
finding has not been previously reported, nor has it
been replicated in our control group, and it therefore
necessitates further validation through large-scale
future studies.

According to the National Kidney Foundation
(NKF) and the Kidney Disease Outcomes Quality
Initiative (KDOQI), a patient is considered to be in
chronic kidney disease (CKD) state if he presents
a GFR<60 mL/min per 1.73 m* for three months
or more. Alternatively, any ongoing (at least three
months) structural or functional abnormality of the
kidney, regardless of GFR, that can be detected by
pathological abnormalities or specific markers is
considered CKD.* The significant correlation be-
tween NGAL, cystatin C and GFR decline further
support the prognostic role of NGAL and cystatin
C in unmasking the structural renal damage before
an overt renal impairment becomes evident. The
association between the early tubular interstitial
damage in normoalbuminuric people with T1D and
NGAL is further supported by recently published
studies.52° To our knowledge, this is the first study
to demonstrate the predictive role of NGAL and CysC
as early markers of DN in children, adolescents and
voung adults before severe overt nephropathy occurs.
These findings remain to be further confirmed at the
final evaluation of this long-term study as well as by
further prospective studies.

Defining new predictors as supplementary tests
to urinary albumin excretion for the early diagnosis
of DN would accelerate the effective management
and treatment approaches which are desperately
needed in order to minimize the rates of severe
cardiorenal morbidity and mortality in young T1D
patients. Therefore, these data need to be confirmed
by further large-scale longitudinal studies before be-
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ing integrated in the DN risk assessment of voung
patients with T1D.
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